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When Dr. Fred Tria called and invited me to write the foreword to Clinical Guide to 
Musculoskeletal Medicine: A Multidisciplinary Approach, I told him I would be delighted. For 
almost four decades, Fred and I have been friends and professional colleagues, collaborating 
and editing several textbooks. He has always been a driving force striving to enrich the medical 
community with contemporary and relevant publications on conditions of the musculoskeletal 
system. This current book, which he co-edited with Ali Mostoufi, MD, and Tony George, DO, 
is a comprehensive compendium of musculoskeletal disorders that all clinicians will find a 
valuable addition to their personal library.

This is a comprehensive text with chapters on the spine, and upper extremity and lower 
extremity injuries written by experts in orthopedic surgery, neurosurgery, physical medicine, 
neurology, radiology, and anesthesia. Adding to the contemporary nature of the book are sec-
tions on sport specific injuries and regenerative medicine. The format of each chapter provides 
an in-depth description of the etiology and clinical presentation of specific musculoskeletal 
disorders with instruction on the physical examination, diagnostic tests, and imaging, along 
with non-operative and operative treatments. All chapters are supported with descriptive illus-
trations, images, and figures, providing the foundation for the differential diagnosis for mala-
dies of each anatomic site. This helps establish standards of practice, clinical guidelines, and 
an interdisciplinary approach, which the reader will find as a valuable clinical guide.

Both acute and chronic musculoskeletal maladies are common conditions. A wide spectrum 
of specialists require a working knowledge of these injuries, including but not limited to ortho-
pedic surgeons, physiatrists, and primary care physicians. While this may be the anticipated 
target audience, it is my expectation and hope that this book will be a valuable resource for all 
healthcare providers.

 Giles R. Scuderi, MD, FACS, FAAOS 

Foreword

Zucker School of Medicine at Hofstra/Northwell
Hempstead, NY, USA
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The Clinical Guide to Musculoskeletal Medicine: An Interdisciplinary Approach represents a 
long-overdue addition to the educational resources for medical students, residents, fellows, 
both early- and late-career practicing physicians, and other musculoskeletal clinicians.

Deficiencies in medical student knowledge in musculoskeletal medicine have been well 
documented in the literature. Musculoskeletal problems number among the most common 
seen by primary care providers, yet US medical school instruction in musculoskeletal medi-
cine has been found to be practically absent or inadequate by many.

There is a need for an easily digestible and understandable resource that will be embraced 
by individuals that want to become proficient in the practice of musculoskeletal medicine. The 
authors/editors of the “Clinical Guide” have successfully achieved this goal. The editors, Drs. 
Mostoufi, George, and Tria are committed educators that put together a dedicated group of 
multidisciplinary physician authors to fill this need and focus on valuable clinical musculo-
skeletal information.

The “Clinical Guide” presents pertinent musculoskeletal pathologies and treatments in a 
well-organized and concise way. It addresses the more commonly challenging musculoskeletal 
pathologies that clinicians are faced with and potential treatment options when treating patients 
day to day. Each chapter dedicated to a particular pathology covers clinical presentation, phys-
ical examination, diagnostic workup, and treatment. In addition, there are chapters dedicated 
to innovative and established treatments such as regenerative medicine and spinal surgeries. 
This enables the clinician to learn in an organized way and use the book as a reference when 
working in the clinical realm. Also, illustrations, tables, and relevant imaging are embedded in 
the individual chapters and enhance this book as an educational tool.

Finally, the interdisciplinary approach of this book, inclusive of physical medicine and 
rehabilitation and orthopedics, gives the clinician multiple tools to work with when addressing 
musculoskeletal pathologies and challenges with their patients. This is essential when attempt-
ing to achieve optimal clinical outcomes.

In closing, as an educator and physical medicine and rehabilitation residency program 
director for over 25 years, I am grateful to this team of musculoskeletal clinicians for filling 
this much needed void. The editors have addressed an essential need in medical education, and 
they have done so in a concise, learner friendly, and effective way. Their efforts should be 
congratulated!

Thank you Drs. Mostoufi, George, and Tria!

 Sara Cuccurullo, MD
Professor and Chairman, Department of Physical Medicine and Rehabilitation  

Hackensack Meridian School of Medicine, Nutley, NJ, USA

Medical Director, Vice President, JFK Johnson Rehabilitation Institute, Edison, NJ, USA

Residency Program Director, Rutgers – Robert Wood Johnson Medical School
New Brunswick, NJ, USA

Physician in Chief, HMH Rehabilitation Care Transformation Services
Boston, MA, USA

Foreword
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Musculoskeletal conditions including spine disorders, tendinopathies, and joint disease are 
remarkably common, leading to disability and impairment. Subspecialty training in musculo-
skeletal conditions has always been popular among trainees; however, over the last two 
decades, there has been a renewed interest largely due to rapid expansion in the minimally 
invasive procedures in spine care and sports medicine using fluoroscopes, endoscopes, robot-
ics, and ultrasound in addition to significant clinical interest in regenerative medicine. 
Minimally invasive spine, sports, and regenerative treatments have complemented advances in 
rehabilitation (PT/OT) and modern MIS surgical techniques available to patients suffering 
from degenerative or acquired skeletal conditions.

Clinical Guide to Musculoskeletal Medicine covers the most common MSK diagnoses that 
a seasoned clinician or a resident/fellow in training will encounter in an outpatient setting or at 
a sports sideline. We believe this book is valuable across many specialties, including physiatry, 
orthopedics, sports medicine, rheumatology, neurology, internal medicine, pain medicine, and 
physical therapy. The book is unique since many chapters are written as a collaboration 
between non-surgical and surgical providers such as physiatrist, orthopedist, and physical 
therapists. The contributing authors have been carefully selected based on their expertise in the 
topic, and they are members of highly respected academic institutions in the USA and across 
the world.

This book is divided into X parts. The first nine parts are based on body parts, including the 
head, spine, pelvic/trunk, and all major joints. Each joint is subdivided into four anatomical 
regions (anterior, lateral, medial, posterior), corresponding to the patient’s chief complaint at 
the time of visit. Part X is dedicated to various conditions that intersect musculoskeletal condi-
tions and other medical disciplines. Throughout the book, topics are presented in a uniform 
format so the reader can rapidly access needed information with ease. The format includes 
Synonyms, Current ICD-10 code, Description, Clinical Presentation, Physical Exam, 
Diagnostic Workup, and Treatments (medical, rehabilitation, procedures, surgery). Many 
chapters focus on the modern minimally invasive spine and sports medicine procedural and 
surgical techniques to enhance the book’s utility. A portion of the book is dedicated to regen-
erative medicine, covering the basic science as well as its musculoskeletal applications based 
on the current body of evidence.

As editors, we are grateful to our contributing authors for lending their expertise and pro-
ducing evidence-based information presented in this book. Without our authors’ generosity, 
this book would not have been possible. We thank Kristopher Spring and his team at Springer, 
who were instrumental in bringing this book to publication. Finally, we are grateful to our 
patients who trust us with their lives and inspire us to explore the boundaries of science and 
produce educational material for the next generation of musculoskeletal physicians.

Boston, MA, USA S. Ali Mostoufi, Editor-in-chief, MD, FAAPMR, DABPM  

Preface
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We would especially like to recognize the contributions of our two associate editors: Dr. Jason 
Zaremski and Dr. Timothy Tiu. They both dedicated an extraordinary amount of time to help 
develop and finish this text.

Jason is an associate professor at the University of Florida and works as a non-operative 
musculoskeletal and sports medicine physician and as the university’s NCAA collegial team 
physician. He has published more than 100 peer-reviewed articles, posters, and abstracts spe-
cific to all areas of sports medicine. His unique interest in upper extremity injuries and injuries 
specific to throwing was central in developing the sections on the upper extremity. He is an 
elected member in the board of directors of the American Medical Society for Sports Medicine 
(AMSSM) and a fellow of the American College of Sports Medicine (ACSM).

He is an elected member in the board of directors of the American Medical Society for 
Sports Medicine (AMSSM) and a fellow of the American College of Sports Medicine (ACSM).

Tim is Assistant Professor of PM&amp;R/Sports Medicine at the University of Miami and 
the medical director of the Lynn Rehabilitation Center there. He has a strong interest in sports 
medicine and US-guided interventions in sports medicine and orthopedics. His publications 
on ultrasonography and biomechanical manipulation made him especially valuable in editing 
the chapters on the lower extremity. He is involved with the American Medical Society for 
Sports Medicine (AMSSM) as well as the American College of Sports Medicine (ACSM).

We thank them both and wish them even greater success in the future.
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Sports-Related Facial Trauma

Behzad Mostoufi and John M. Sands

1.1  Description

Sports-related facial injuries are common at any age and will 
inevitably be encountered by the practicing physician [1]. 
With a systematic approach, maxillofacial trauma can be rec-
ognized and managed appropriately. Sideline primary survey 
followed by a detailed secondary survey should be performed 
to determine the setting in which the patient needs to be 
treated. Proper identification of injuries and a fundamental 
understanding of when to make referrals will lead to the 
cohesive multidisciplinary management of athletes.

While increased regulations and protective gears have 
reduced the number of sports-related trauma, facial injuries 
are still a frequent occurrence. Approximately 11–40% of all 
sports injuries involve the face [2, 3]. The anatomical loca-
tion appears to be the same in pediatric and adult patients [4]. 
These injuries are often a sequela of a direct impact with a 
ball or player-to-player contact. Maxillofacial trauma and 
fracture patterns vary significantly depending on the mecha-
nism of injury, age of the individual, and a variety of other 
factors [5]. However, most sports-related facial traumas 
translate into soft tissue injuries or fractures of nasal bones, 
zygomaticomaxillary complex (ZMC), mandible, and dento-
alveolar process [6].

1.2  Facial Anatomy

The face is a complex functional unit containing many criti-
cal structures and managing facial trauma can become over-
whelming. However, with a systematic approach, one can 
easily begin to unpack these individual units to create a thor-
ough assessment and plan.

The soft tissue of the face can be described as multiple 
distinct facial esthetic components consisting of areas of uni-

form color, texture, thickness, and mobility. It is among the 
most vascular tissues of the body with extensive collateral 
flow making it resistant to ischemia and infection. Within the 
facial soft tissue, several critical components deserve special 
attention. These include the motor and sensory nerves, the 
lacrimal system, and the parotid gland/duct. The primary 
sensory innervation of the face is from the three branches of 
the trigeminal nerve. Paresthesia is a common finding due to 
nerve contusion at the site of injury. The muscles of facial 
expression are innervated by the five branches (facial, zygo-
matic, buccal, marginal mandibular, and cervical) of the 
facial nerve. Crossover communication between the frontal 
and marginal mandibular branch with adjacent branches is 
only about 15%, while crossover among the other branches 
is approximately 70%. Therefore, injury to these two nerves 
can cause prominent facial muscle weakness on clinical eval-
uation. The lacrimal system is located in the medial portion 
of the eyes and is particularly at risk in lacerations involving 
the inferior lid. The parotid gland primarily overlies the mas-
seter in the posterior jaw. The parotid duct exits the parotid 
gland, travels over the masseter, and pierces through the buc-
cinator muscle before entering the oral cavity at the level of 
the second maxillary molar. One can generally locate the 
position of the duct by drawing an imaginary line from the 
tragus to the lateral commissure of the mouth. Any lacera-
tions to the cheek require identification and evaluation of the 
duct for injury.

The facial skeleton can be divided into thirds. The upper 
third extends from the hairline to the level of the supraorbital 
ridge. Fractures in this area involve the frontal bone, frontal 
sinus, and orbital bone. The middle third spans from the infe-
rior of the supraorbital rims to the incisal edge of the maxil-
lary teeth. This region is by far the most prominent and 
complex consisting of the orbits, nasal bones, zygoma, and 
maxillary bones. The lower third of the face is the mandible 
and the teeth it supports. The facial skeleton is composed of 
four horizontal and four vertical bony buttresses that act as 
strongholds during periods of applied external forces (photo). 
Spanning between these pillars are thin sections of cortical 
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bone that serve as functional airbags during the time of 
increased pressure. Management of midface fractures 
focuses on realignment and plating along these buttresses to 
restore the facial width and height. The mandible is a 
U-shaped bone with multiple vectors of pull from the masti-
catory and suprahyoid muscle groups. This results in zones 
of compression and zones of tension at the time of fracture. 
Management of fractures in the mandible is oriented around 
fixation at the zones of osteosynthesis. These lines correlate 
to strong, dense areas of the mandible that are capable of 
resisting functional stress and make ideal locations to place 
screws and plates.

1.3  Evaluation

1.3.1  Sideline Primary Evaluation

As with any trauma, initial evaluation of sports-related facial 
injuries begins with a primary survey (sideline), assessing 
the patient’s airway, breathing, circulation, and mental sta-
tus. While the majority of sports-related head trauma is man-
aged conservatively, the provider should always be proactive 
in securing an airway in the setting of altered mental status 
and maxillofacial fractures. The clinical presentation of 
closed head injuries such as skull base fractures may not be 
obvious. If not recognized early, may have devastating 
consequences.

 1. Airway Injuries
Airway injury can be life threatening. Most contact 

sports are classified as low-impact mechanisms and are 
generally at low risk for having loss of airway. However, 
injuries resulting in mandibular fractures can quickly turn 
into airway emergencies if there is significant cervicofa-
cial swelling in the setting of an unstable jaw, and/or pull 
of muscles in bilateral mandible fracture.

 2. Bleeding
• Laceration: The face is highly vascular; therefore, 

extensive hemorrhage from facial wounds can be 
encountered. The majority of these wounds can be 
managed primarily with firm pressure for initial 
hemostasis.

• Epistaxis caused by a nasal injury can be a profuse 
source of bleeding as well. Epistaxis is classified as an 
anterior or posterior nasal bleed. Anterior nasal bleeds 
are most common and involve disruption of the 
Kiesselbach Plexus. These can be managed by direct 
pressure or a topical vasoconstrictor as an adjunct. 
Contrary to belief, the application of an ice pack to the 
posterior neck (cryotherapy) has not shown to have a 
significant difference in the reduction of microcircula-
tory nasal blood flow [7].

• Posterior nasal bleeds secondary to disruption of the 
sphenopalatine artery are rare but can be catastrophic 
as nasopharyngeal bleeding can compromise the 
patient’s airway. These are best managed with nasal 
packing and transfer to an emergency center.

1.3.2  Secondary Survey

Once all potentially life-threatening injuries are excluded, 
the secondary survey is performed. Each sports medicine 
provider should develop a systematic routine to provide a 
thorough examination. It is the author’s preference to evalu-
ate each component of the face through inspection, evalua-
tion of sensory and motor nerve function, and palpation of 
bony prominences in a top to bottom fashion. Proper identi-
fication of injuries and a fundamental understanding of when 
to make referrals are imperative in the management of facial 
trauma.

The time, location, and nature of the incident are among 
the important information that clinicians should gather. To 
simplify, one can remember to inquire where, when, and how 
the patient sustained an injury.

 1. Scalp: Examiner should thoroughly palpate the scalp as 
if you were “washing someone’s hair with shampoo”. 
This will allow the clinician to feel lacerations or inden-
tations that might otherwise be covered by hair. 
Occasionally, blood on the gloves will indicate a lacera-
tion that would have otherwise gone unnoticed.

 2. Forehead/Bony Orbits: Moving inferiorly, inspect the 
forehead for any abrasions or contusions. Palpate the 
superior and inferior orbital rims to complete a circum-
ferential evaluation of the orbital rim.

 3. Ophthalmologic survey: Attention is now brought back 
to the orbits. A thorough examination of the eyes is man-
datory as injuries such as hyphema, ruptured globe, or 
retrobulbar hematoma are considered ophthalmologic 
emergencies [8]. First, inspect the orbits for any signs of 
injury including periorbital ecchymosis, hyphema, che-
mosis, subconjunctival hemorrhage, proptosis, or enoph-
thalmos. The discrepancy of gross visual acuity is highly 
indicative of the presence of injury. Have the patient 
gaze in all directions in an “H” pattern to assess the 
extraocular muscular range of motion. Confirm that the 
pupils are equal in diameter, round, and reactive to light. 
Document any discrepancy.

 4. Zygomatic arch: Continue to palpate the Zygoma and 
Zygomatic arch starting from lateral of the nose moving 
posteriorly to the tragus of the ear. Fractures of the ZMC 
will result in facial widening and loss of malar projec-
tion. This can best be observed by looking at the patient 
from the worm’s eye view. Paresthesia of the infraorbital 
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region is a common finding. Evaluation for trismus is the 
only true functional indication for the repair of the zygo-
matic arch as an impingement on the coronoid process 
of the mandible can result in limited mouth opening.

 5. Nose: Next, with a nondominant hand on the patient’s 
forehead stabilize the head while evaluating the integrity 
of the nasal bones with the dominant hand. Examination 
of the nose includes the nasal bones, cartilage, and nasal 
septum. Swelling, crepitus, deviation of the dorsum, and 
epistaxis are frequently seen during times of injury. The 
intranasal examination includes evaluation for septal 
deviation and septal hematoma with good lighting and a 
nasal speculum.

 6. Maxilla: Mobility of the maxilla is then assessed by 
placing the dominant hand on the maxillary incisors and 
alveolar process, attempting to move the maxilla in all 
directions. Throughout this time, document any pain, 
crepitus, or presence of step-offs which is suggestive of 
an underlying fracture.

 7. Midface evaluation: Blunt trauma to the midface can 
result in a Le Fort fracture pattern which is defined by 
the separation of the pterygoid plates. This can best be 
assessed clinically by grasping the anterior maxillary 
teeth and firmly attempting to move the maxilla in all 
directions while stabilizing the forehead. The presence 
of Le Fort injury will present as midface mobility.

 8. Mandible: Pain, asymmetry, malocclusion, occlusal step 
defects, sublingual ecchymosis, and paresthesia of the 
lower lip/chin area are all pathognomonic signs for man-
dibular fractures. Palpating the extraoral boundary of the 
mandible could be difficult due to swelling and edema. 
Careful intraoral examination for step deformity and any 
mobile segments should be performed by placing the 
index figure on the occlusal surface of the posterior teeth 
and thumb on the inferior border of the mandible extra-
orally. Place the other hand in the same manner on the 
anterior aspect of the mandible. While holding firmly, 
gently move the segments and observe for any move-
ment and/or pain. Clinicians should inspect dentition for 
mobility, bleeding, and fracture fragments to prevent 
aspiration risk. Gingiva and oral mucosa should also be 
examined for lacerations.

 9. Lip/Tongue/Cheek: The lips, tongues, and cheeks are 
susceptible to lacerations when compressed against the 
dentition. The oral cavity must be carefully examined 
for loose, missing, or fractured dentition. Be sure to 
carefully evaluate adjacent soft tissue for displaced tooth 
fragments.

 10. Cranial Nerves/Facial Nerve: The cranial nerves are eval-
uated next. Using the back of your index finger, gently 
swipe the patient’s forehead, cheek, and mental region 
bilaterally with a paintbrush-like motion. This will quickly 
evaluate any change in sensation of the three branches of 

the trigeminal nerve. To evaluate the five branches of the 
facial nerve, ask the patient to raise their eyebrows, shut 
their eyes tight, pucker their cheeks, and purse their lips. 
Note any muscle weakness or facial asymmetry.

1.4  Management of Soft Tissue Injuries

Sports-related soft tissue injuries often present as contusions 
(bruising), abrasions, lacerations, and hematomas.

 A. Contusions are primarily managed with a cold compress 
to reduce swelling followed by moist heat to remove 
inflammatory mediators.

 B. Abrasions require thorough irrigation as most wounds 
are contaminated with dirt, rocks, or particles from the 
field. After the wound is appropriately irrigated, topical 
antibiotic ointment and nonadherent dressing are applied.

 C. Lacerations represent the most common type of facial 
injury encountered in the athletic setting. Management 
includes thorough irrigation of the wound, disinfection, 
and reapproximation of tissue (Fig. 1.1). Tetanus vaccina-
tion is also indicated if the patient is not up-to-date with 
the shot. Superficial lacerations without separation of the 
wound edges may be closed with Steri-strips, Dermabond, 
or simple interrupted sutures. A nonresorbable monofila-
ment suture on a fine needle (i.e., 5–0 Prolene on RB 
needle) is ideal as it has good tensile strength and is the 
least reactive with tissue. Most sutures can be removed in 
5–7 days to reduce the risk of scarring. For deeper lacera-
tions with separated or jagged wound edges, consultation 
with a facial specialist such as Oral and Maxillofacial 
Surgeons or plastic surgery is indicated.

 D. Hematomas: Management primarily involves cold com-
press for the first 48 hours and application of heat there-
after. However, complications associated with hematomas 
include expansion, overlying skin necrosis, or infection 
and warrant immediate intervention. Auricular and septal 
hematomas deserve special attention because of their 
potential associated complications. Auricular hemato-
mas develop after compression or blunt trauma to the ear 
and subsequent shearing of the skin from the highly vas-
cular perichondrium. Failure to adequately drain these 
hematomas can result in hardening and scarring leading 
to a permanent deformity of the auricle also known as 
“cauliflower ear”. Treatment involves incision and drain-
age of the hematoma and application of a compressive 
bolster. Septal hematomas appear as purple, grape-like, 
swelling from the nasal septum. Treatment includes inci-
sion and drainage followed by anterior nasal packing. 
Failure to recognize and treat can result in septal necrosis 
and saddle nose deformity as a result of loss of septal 
support.

1 Sports-Related Facial Trauma
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1.5  Orbital Fractures

One-third of all orbital fractures are secondary to sport inju-
ries [9]. When an injury to the eye occurs, a thorough exami-
nation should be performed as previously described. Orbital 
fractures commonly present with periorbital ecchymosis, 
chemosis, and subconjunctival hemorrhage. The presence of 
enophthalmos, exophthalmos, hypoglobus, hyphema, and 
diminished visual acuity or other visual changes warrant 
immediate surgical consultation (Fig.  1.3). The medial 
orbital wall and inferior orbital floor are strategically 
designed to fracture during times of impact and increased 
pressure. This allows the contents of the orbit to expand into 
the adjacent paranasal sinuses, serving as an anatomic airbag 
to prevent globe injury. This fracture pattern is often referred 
to as orbital “blow out”. Occasionally, the inferior rectus 
muscle will get trapped below the orbital floor bony seg-
ments resulting in impaired extraocular movement (Fig. 1.2). 
This is also a time-sensitive surgical emergency as failure to 
reposition the inferior rectus can result in necrosis and scar 
contracture of the muscle. Orbital entrapment can be ruled 
out by evaluating extraocular movement or a forced duction 
test. CT imaging may show herniation of the muscle without 
clinical signs, which may not require surgery. The majority 
of the orbital floor and orbital wall fractures are managed 
conservatively with surgical intervention only indicated in 
instances of enophthalmos, limited extraocular movement, 
and persistent diplopia. Conservative management includes 
protective eyewear, sinus precautions, and 4–6  weeks of 
reduced physical activity.

a b

Fig. 1.2 (a) Left Orbital floor fracture. Note the restricted upward gaze in left eye due to inferior rectus entrapment, normal right side. (b) Normal 
movement after the Open Reduction Internal Fixation

Fig. 1.1 Lip laceration following skateboard forward fall accident 
(X-games)

B. Mostoufi and J. M. Sands



7

1.6  Nasal Fractures

Because of its prominent location on the face, the nose is the 
most commonly fractured facial structure associated with 
sports-related facial injuries. Clinical findings associated with 
nasal fracture include epistaxis, swelling and tenderness of the 
nasal dorsum, periorbital ecchymosis, and deviation of the 
nasal bridge. Palpation can demonstrate mobility, bony irregu-
larities, or crepitus. The intranasal examination should be con-
ducted under proper lighting with a nasal speculum to evaluate 
for septal deviation and septal hematoma. Treatment ranges 
from simple closed reduction at the bedside under local anes-
thesia to open reduction of severely displaced fractures in the 
operating room. Swelling at the time of insult makes cosmetic 
evaluation and close reduction difficult. Whenever possible, it 
is best to wait 4 to 7 days for the swelling to subside before 
treating nasal fractures. Treatment focuses on realignment of 
the septum and nasal bones followed by external and internal 
splinting. Splints are maintained for 7–10 days, and players 
are cleared to return within 4–8 weeks following reduction.

1.6.1  Zygomaticomaxillary Complex 
Fractures (ZMC)

The ZMC and zygomatic arch make up the prominence of the 
face and sports-related fracture of this bony complex is not 
uncommon. Clinical findings commonly associated with 
ZMC fractures include periorbital ecchymosis, subconjuncti-
val hemorrhage paresthesia in the infraorbital nerve distribu-
tion, and depression of the zygoma. Ophthalmic evaluation 
including visual acuity is also paramount in ZMC fractures as 
the majority of patients will report visual changes. One of the 
cardinal signs of ZMC fracture is that there is no posterior 
limit to the subconjunctival hemorrhage. Depression of the 
zygomatic arch can impede the coronoid process of the man-

dible during mouth opening, resulting in a limited range of 
motion. Therefore, documentation of maximum interincisal 
opening is standard during the evaluation of ZMC fractures. 
Treatment varies depending on the severity of the fracture and 
the degree of displacement. Indications for  surgical interven-
tion include cosmetic deformity and impaired function, most 
often in the form of trismus. The presence of either of these 
findings indicates surgical consultation.

1.6.2  Mandible Fractures

Clinical findings include malocclusion, limited mouth open-
ing, mobility of segments, occlusal step defects, and floor of 
the mouth ecchymosis. As the mandible is a horseshoe- 
shaped structure, fractures rarely present as isolated frac-
tures. They are almost always bilateral unless proven 
otherwise (Fig. 1.3). Simple, nondisplaced mandibular frac-
tures can be managed conservatively with closed reduction, 
often in the form of maxillomandibular fixation (MMF) [10]. 
Comminuted, grossly displaced, or open fractures require 
anatomic reduction and internal fixation in the operating 
room. Athletes with jaw fractures should not return to play 
until healing has occurred or they are out of MMF, which 
generally takes 4–6 weeks.

1.6.3  Dentoalveolar Fractures/Tooth 
Avulsion

Dentoalveolar Trauma: Term Dentoalveolar consists of the 
alveolar bone and the associated teeth. Signs and symptoms 
of dentoalveolar trauma include intraoral bleeding, tooth 
malposition, malocclusion, and mobility of the affected seg-
ment. Inspection of the adjacent structures is critical as teeth 
may be lodged in the surrounding soft tissue (Fig. 1.4), lips, 

Fig. 1.3 Coronal view CT showing displaced fractures of Right Parasymphysis and Left Angle of the mandible following player to player contact 
in pick-up football game with no protective headgear used

1 Sports-Related Facial Trauma
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ba

c d

Fig. 1.4 Maxillary 
dentoalveolar fracture, 
cephalad displaced teeth 
violating the nasal floor 
(arrows) and avulsed left 
lateral incisor following 
Trampoline accident. 
Hematoma on the labial 
aspect of upper lip due to 
impact. Both Coronal and 
sagittal CT demonstrate nasal 
floor violation. (a) Oral 
photograph, (b) Pan Film, (c) 
Coronal CT view, (d) Sagittal 
CT view

B. Mostoufi and J. M. Sands
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and tongue. Management involves reduction and fixation of 
the fracture with splints.

Tooth avulsion is the complete separation of the tooth 
from the alveolus which is an urgent situation (Fig. 1.5). The 
prognosis for the viability of the tooth and success replanta-
tion is inversely proportional to the length of time of tooth 
out of the socket. Reimplantation of the tooth within 30 min-
utes has >90% chance of tooth survival; after more than 
2 hours, the chance of survival is 5% [11]. Continued nour-
ishment and maintenance of the periodontal ligament are 
critical to tooth survival. This can be ensured with proper 
handling and transportation of the tooth. Do not scrub or 
brush the root of the avulsed tooth. Instead, gently handle the 
tooth by its crown. If the tooth cannot be immediately 
replanted into its socket, it should be gently irrigated with 
normal saline water and transported in the appropriate 
medium Photo. Hank’s balanced solution can maintain the 
periodontal fibers for days; however, this may not be readily 
available on the field or in emergency rooms. Cold milk, fol-
lowed by saliva, is a sufficient transport medium in an emer-
gent situation. Once implanted, outpatient follow-up with a 
general dentist within 24 hours is indicated.
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Concussion

Emily Mostofi, Jaleh Fatehi, and S. Ali Mostoufi

2.1  Synonyms

• Cerebral concussion
• Commotio cerebri
• Mild traumatic brain injury

2.2  ICD 10 Codes

S06.0X0 - S06.0X9

2.3  Description

Definition of Sport-Related Concussion based on the Fifth 
Consensus statement on concussion in sport is: “A traumatic 
brain injury induced by biomechanical forces’’ [1]. It may be 
caused either by a direct blow to the head, face, neck or else-
where on the body with an impulsive force transmitted to the 
head [1]. It typically results in the rapid onset of short-lived 
impairment of neurological function that resolves spontane-
ously [1]. In some cases, signs and symptoms evolve over 
several minutes to hours. Sport-related concussion may 
result in neuropathological changes, but the acute clinical 
signs and symptoms largely reflect a functional disturbance 
rather than a structural injury and, therefore standard struc-
tural neuroimaging studies reveal no abnormality [1].

Sport-Related Concussion results in several signs and symp-
toms that may or may not involve loss of consciousness [1]. 
Resolution of the clinical and cognitive features typically fol-
lows a sequential course however, in some cases, symptoms 
may be prolonged [1, 2]. The majority (80–90%) of concussions 
resolve in a short period (10–14 days), although the recovery 
timeframe may be longer in children and adolescents [1, 2].

Frequency of concussion is approximately 3.8 million/
year in United States, half of which may be undiagnosed or 
unreported [2]. New information indicates that females may 
be more susceptible to concussion than males (in high school 
and collegiate levels) [5]. Concussion is more prevalent in 
certain positions in the field as well as certain sports includ-
ing basketball, hockey, rugby, and soccer and American foot-
ball, equestrian sports [1, 2, 4].

The biggest risk factor in developing first sports-related 
concussion is participating in contact sports that have a high-
est chance of collision resulting in head injury. Risk factor 
for prolongation of symptoms and/or recurrent concussion 
may include female athletes, younger age, previous history 
of concussion, and pre-existing conditions such as learning 
siblings, attention deficits, and migraine headaches [4]. 
Table 2.1 outlines differential diagnosis of concussion.

2.3.1  Mechanism of Injury

The exact mechanism of concussion is unknown. Concussion 
is due to rotational acceleration of the brain during the fall, 
motor vehicle accident or sports injury [3]. Although concus-
sion is frequently associated with direct impact to the head 
(examples are helmet to helmet contact during tackle or head 
to turf during fall); there is no evidence that direct impact is 
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Differential diagnosis of concussion
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necessarily required to develop concussion [4]. Animal and 
human studies support the concept of postconcussive vulner-
ability. After the first concussion, there is greater susceptibil-
ity to sustaining another concussion and that subsequent 
concussions occur with less force and take longer to resolve 
[5]. Animal studies have shown poorer cognitive outcomes in 
the setting of repeated head injury [6].

2.4  Clinical Presentation

This condition is a diffuse injury and does not have a focal 
neurological deficit such as limb weakness, pupillary dila-
tion. Symptoms may include headache, nausea and/or eme-
sis, dizziness, photophobia, confusion, difficulty 
concentrating, poor sleep, and/or poor appetite, to name a 
few (Table 2.2). It should be noted loss of consciousness may 
present with a concussion rarely but does not indicate sever-
ity of concussion. Often the first concussion is mild and 
expected to recover 10 days [1]. These symptoms can some-
times persist as a postconcussive syndrome with continued 
memory and concentration difficulties, headache, personal-
ity changes, fatigue, and insomnia [7].

2.5  Physical Examination

2.5.1  Concussion Assessment at Sideline

Athletes are assessed for concussion and its severity at the time 
of injury. The Sport Concussion Assessment Tool (SCAT) is a 
standardized tool for evaluating injured athletes for concussion 
and can be used in athletes aged from 13 years and older. SCAT 
has been adopted by major sporting authorities including 
Olympic committee, NCAA, FEI, and FIFA [8]. The clinician 
should assess the concussed athlete, go through the sports con-

cussion assessment tool, and make a clinical judgment regard-
ing the concussion, ability to return to game, as well as red flags 
that require urgent care evaluation. Concussion signs and 
symptoms evolve over time, and it is important to consider 
repeat evaluation in the assessment of concussion [16]. 
Elemental SCAT testing includes the following:

 1. Glasgow Coma Scale: GCS evaluates athletes’ ability to 
“eye-opening”, “verbal response”, and “motor response”. 
A score of 13–15 is a mild concussion, a score of 9–12 is 
a moderate head injury, and the score of 3–8 is a severe 
head injury.

 2. Maddocks score: It is a series of questions from the ath-
lete, and he/she is asked to give the response they can. 
Questions include “what venue are you at”, “which half it 
is now”, “who score last in this match”, “what did you 
play last week”, “did you team when the last game”. It has 
a low false-negative rate and false-positive of 29–68% [8].

 3. Cognitive assessment: It includes questions such as what 
month it is, what date it is today, what day of the week it 
is today, what year it is, what time is it right now. 
Orientation score is given and documented.

 4. Concentration/Recall: Immediate recall is tested by ask-
ing the athlete to recall a series of numbers in reverse 
order months in reverse. Delayed recall is a repetition of 
the recall testing 5 minutes after the end of the immediate 
recall testing.

 5. Cervical spine/neurologic examination: Cervical spine 
and its cervical root are tested to evaluate for concomitant 
cervical injury.

 6. Balance or coordination exam: SCAT testing uses a modi-
fied balance error scoring system which includes double- 
leg stance, single-leg stance with nondominant feet, tandem 
stance with nondominant foot at the back, and total error. 
Left and right are both tested. The surface in which balance 
is tested as well as shoe wear is documented [16].

 7. Memory testing: At the sideline, memory is tested. Five 
words are given to the athlete, and he should recall as 
many as they can. It is trialed three times and the clinician 
would provide the same list to them and ask for recall. It 
could be done with five words or a 10-word list.

 8. Red flags (Table  2.3) are symptoms that develop as a 
result of direct or indirect blow to the head of the athlete 
which would result to removal from participation and 
evaluation by licensed healthcare provider and possible 
transfer to urgent care for further evaluation.

2.5.1.1  Return to Play Guidelines
An athlete should not be returned to play on the same day of 
the injury. An athlete requires medical clearance with a stage 
rehabilitation program and would be progressed from initial 
no activity/sport and physical/cognitive testing into a light 
aerobic exercise program, followed by sport-specific exercise 

Table 2.2 Symptoms of concussion based on sports concussion 
assessment tool [16]

Symptoms of concussion based on sports concussion assessment tool 
(SCAT 5) [16]
Headache Sensitivity to 

noise
Sensitivity to light

Pressure in the head Balance problem Difficulty 
concentration

Neck pain Neck pain Difficulty 
remembering

Dizziness Feeling slowed 
down

Fatigue or low 
energy

Blurry vision Feeling like “in a 
fog”

“Do not feel right”

Confusion Drowsiness Trouble falling 
asleep

More emotional/irritability Sadness Nervous and 
anxious

E. Mostofi et al.
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program. Once these stages are completed, an athlete may first 
enter a noncontact drill followed by a full contact practice, and 
eventually return to game. There should be no less than 
24-hour in between each stage. If athletes have recurrence of 
symptoms, progression in the stages should be halted. The 
final determination regarding concussion diagnosis and fitness 
to play is a medical decision based on clinical judgment.

2.5.2  Evaluation at Concussion Clinic

For many healthcare providers, the first chance to assess a 
young athlete with a suspected concussion will not be on the 
sidelines, but an office. The clinician should collect detailed 
medical history, conduct a full neurological and musculo-
skeletal examination, and plan for care if the athlete remains 
symptomatic. Collecting detailed history is a very important 
step in evaluating concussed athletes which should include 
the history of previous head injuries, learning disabilities, 
attention deficit hyperactivity disorder (ADHD), mood dis-
orders, previously vestibular disturbances, any previous neu-
rological deficits, or conditions.

2.5.3  Physical Examination

• Inspection: Close examination of head and neck for any 
fractures or structural injuries. Inspection should include 
looking for any bruises and hematomas.

• Musculoskeletal examination: Full musculoskeletal 
examination should be conducted. In many cases with 
concussion, cervical spine injuries are missed. Clinicians 
are responsible for examination of the cervical spine and 
management of findings. Clinical examination may be 
combined with imaging and if there is a suspicion of cer-
vical injury, return to play should be delayed.

• Neurological examination: Detailed neurological exami-
nation is conducted including cranial nerves and periph-
eral nerves an examination of the cervical spine roots, 
sensory testing, motor testing and reflect this. Specialized 
testing including vestibular ocular motor screening is 

conducted as part of neurological examination of con-
cussed athlete.

• Vestibular ocular motor screening: This screening tool 
will test the following five domains. Abnormalities in 
these domains are present in up to 69% of adolescents 
after a minor traumatic brain injury [8].

 1. Smooth pursuits
 2. Horizontal and vertical saccades
 3. Near point of convergence distance
 4. Horizontal vestibulo-ocular reflex
 5. Visual motion sensitivity
• Gait/Balance: It includes tandem gait and Romberg exam-

ination to assess the patient’s balance and motor coordina-
tion. Berg Balance testing is another tool to assess balance 
and may be used for prediction of rehabilitative outcome 
in acquired brain injury including concussion [15].

• The King–Devick: This test is based on measurement of 
the speed of rapid number naming (reading aloud single- 
digit numbers from three test cards), and captures impair-
ment of eye movements, attention, language, and other 
correlates of suboptimal brain function. This test can be 
effectively administered by nonmedically trained layper-
sons as well (parents at sideline) [9].

• ASIA classification-based exam: If there is any finding 
compatible with spinal cord injury, examination based on 
The American Spinal Injury Association Impairment 
Scale (ASIA) should be conducted. This scale examines 
both the sensory and motor function of all the derma-
tomes and myotomes. It is a standardized and widely 
accepted method of evaluating spine trauma that is associ-
ated with spinal cord injury.

2.6  Diagnostic Workup

Concussion is largely a clinical diagnosis, but certain tests 
are ordered to assess for coexisting injuries.

2.6.1  CT Scan

Often performed at the emergency room to rule out intracra-
nial bleed and/or fractures.

2.6.2  MR-Based Imaging

In general, there is a limited role for standard MRI in diagnosis 
of concussion. Structural or metabolic alteration in the brain 
after concussion may lead to utility of laboratory and advanced 
neuroimaging techniques to assist with managing patients 
with persistent symptoms. Advanced imaging includes func-
tional magnetic resonance imaging, positron emission tomog-

Table 2.3 Red flags are symptoms in concussion, requiring immediate 
evaluation by licensed healthcare provider and possible transfer to 
urgent care

Red flag symptoms in concussion
Neck tenderness or pain Double vision
Weakness, tingling, burning in the 
arms/legs

Severe or increasing 
headaches

Seizure or convulsion Loss of consciousness
Deterioration of conscious state Vomiting
Inability to recognize people or places Slurred speech
Increased in restlessness Agitation or combative 

athlete

2 Concussion
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raphy, H magnetic resonance spectroscopy, and perfusion 
imaging [1]. At this time, such imaging  modalities are primar-
ily for concussion research and large prospective randomized 
studies are lacking in their clinical application.

2.6.3  Serum Biomarkers

A number of research studies have been conducted to 
identify biomarkers that could detect concussion, but 
most have been studied in severe concussion [10, 17]. 
These are serum biomarkers pointing toward neural injury 
including S100β, Glial Fibrillary Acidic Protein (GFAP), 
Neuron-Specific Enolase, Ubiquitin C-Terminal Hydrolase, 
Alpha-II Spectrin Breakdown Products, Tau Protein (tau), 
and Neurofilaments. Validity and utility of such biomark-
ers are still being studied but NIH funded research [18] 
noted two of the proteins were associated with the length 
of time needed by the athletes to return to play: tau and 
GFAP. Athletes who needed less than 2 weeks of recovery 
time had significantly higher tau within the first 48 hours 
after an injury. In contrast, GFAP was significantly lower 
for these athletes. Nf-L was not linked with the length of 
time needed for recovery [18].

2.6.4  Neuropsychological Testing

Neuropsychological assessment is a key component of the 
multidimensional approach recommended by international 
consensus guidelines for evaluation of athletes affected by 
sport-related concussion [11]. Neuropsychological tests are an 
objective measure of brain-behavior relationships and are more 
sensitive for subtle cognitive impairment than clinical exams. 
Although not all the concussions require neuropsychological 
testing, it should be considered as part of the comprehensive 
concussion management strategy rather than in isolation [2]. 
Neuropsychological testing is helpful in postconcussion man-
agement of athletes with persistent symptoms or complicated 
courses but is not a predictor of recurrent concussion or long-
term complications. The exact timing and frequency of neuro-
psychic testing have not been conclusively determined yet [2].

2.7  Treatment

2.7.1  Medical Management

Treatment of a concussion is primarily supportive. This 
involves initial limitation of physical and cognitive activity, 
followed by a gradual return to previous activity levels. The 
Centre for Disease Control and Prevention (CDC) outlines a 
6-step protocol for return to play to guide sports athletes, 

coaches, trainers, and medical staff [12]. An athlete should 
only move to the next step if they do not have any new symp-
toms at the current step. If an athlete’s symptoms come back 
or if he or she gets new symptoms, this is a sign that the 
athlete is pushing too hard [12].

• Step 1: Back to regular activities (Such as School, 
Symptom permitting)

• Step 2: Light aerobic activity
• Begin with light aerobic exercise only to increase an ath-

lete’s heart rate. This means about 5–10  minutes on an 
exercise bike, walking, or light jogging. No weightlifting 
at this point.

• Step 3: Moderate activity
• Continue with activities to increase an athlete’s heart rate 

with body or head movement. This includes moderate 
jogging, brief running, moderate-intensity stationary bik-
ing, and moderate-intensity weightlifting (less time and/
or less weight from their typical routine).

• Step 4: Heavy, noncontact activity
• Add heavy noncontact physical activity, such as sprinting/

running, high-intensity stationary biking, regular weight-
lifting routine, noncontact sport-specific drills (in three 
planes of movement).

• Step 5: Practice and full contact
• Young athlete may return to practice and full contact (if 

appropriate for the sport) in controlled practice.
• Step 6: Competition
• Young athlete may return to competition.

2.7.2  Rehabilitation

2.7.2.1  Cognitive Behavioral Therapy
Small-scale studies are done on cognitive behavioral ther-
apy in management of postconcussive symptoms in children 
and adolescents. Such studies do not support the effective-
ness of cognitive behavioral therapy for severity of symp-
toms of postconcussion syndrome; however, it might be an 
effective treatment option for improving depression, anxi-
ety, and social integration in individuals with traumatic 
brain injury (21). Large-scale randomized studies are lack-
ing in this area.

2.7.2.2  Aerobic Exercise
Emerging research supports the use of mild to moderate aer-
obic exercise for treating sport-related concussion and per-
sistent postconcussive symptoms. The studies conclude 
subsymptomatic threshold aerobic exercise is safe, effective 
in sports-related concussions and in this group of postcon-
cussive persistent symptoms [3].

The effect of exercise on baseline SCAT performance in 
male professional Rugby players was studied. Both rest- 

E. Mostofi et al.
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SCAT and exercise-SCAT were tested and compared [13]. 
Symptom endorsement was greater when assessed after 
exercise than at rest. Orientation score was improved during 
SCAT5s performed after exercise-SCAT, but only when rest- 
and exercise-SCAT were conducted on the same day. 
Concentration score was impaired during exercise-SCAT. No 
other cognitive submodes were affected by exercise. Total 
errors during Modified Balance Error Scoring System 
increased during exercise-SCAT, as a result of increased 
errors made during single-leg balance, irrespective of testing 
sequence, with 42% of players making more errors in 
exercise- SCAT, compared to 28% making more errors in 
rest-SCAT.

2.7.2.3  Vestibular Rehabilitation
Concussion symptoms normally resolve within 10-14 days 
[1], but vertigo, dizziness, and balance dysfunction persist 
in 10-30% of cases requiring treatment [14]. Vestibular 
rehabilitation following concussion utilizes similar tools 
and techniques employed when treating those solely with 
peripheral pathology. Sport injury results in concussion, but 
also may result in peripheral and central injuries, leading to 
prolonged course of vestibular rehab. Comorbidities includ-
ing cognitive and behavioral issues, visual-perceptual dys-
function, and autonomic dysfunction may negatively impact 
this modality of care. There are limited studies on effective-
ness of vestibular therapy in concussed individuals. 
Available evidence, although weak, shows promise in this 
population [14].
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Back Pain: Strain and Myofascial Pain

Ryan Budwany, Carolyn Poston, and Tony K. George

3.1  Synonyms

• Myofascial Pain Syndrome
• Myofascial Pain
• Strain of muscle, fascia and tendon

3.2  ICD-10 Codes

M79.18, M79.10, S39.012A

New Brunswick
Fibromyalgia Spondylolysis
Sacroiliac Joint Pain Spondylolisthesis
Facet Joint Pain Spondylosis
Discogenic Back Pain Diffuse Idiopathic Skeletal Hyperostosis
Cluneal Neuropathy Lumbar Insufficiency Fracture
Postherpetic Neuralgia Pelvic Insufficiency Fracture
Polymyalgia Rheumatica Ankylosing Spondylitis

3.3  Description

Myofascial pain and muscle strain are common in musculo-
skeletal and pain clinics. They both occur in skeletal muscle. 
While both involve improper mechanics, myofascial pain is 

duration-dependent creating muscle fatigue and muscle 
strain is force-dependent with micro or macro tears.

Myofascial pain is a focal or regional skeletal muscle pain 
involving muscle and connective tissue. It evokes a combina-
tion of sensory, motor, and autonomic symptoms, a hallmark 
summation of which is trigger point.

Muscle strain is defined as an acute hyperextension injury 
caused by forceful eccentric stretching of the muscle beyond 
its tolerable tensile limits. It may involve a partial or com-
plete tear of the muscle from extensive mechanical stress that 
overwhelms its capacity to adapt.

Anatomy In general, the lumbar spinal muscles work to coun-
ter the effect of gravity. In an upright position, the back muscles 
are quiescent. In positions of flexion and extension, the influ-
ence of gravity causes concentric and eccentric contraction of 
opposing muscles to maintain stability. The line of gravity lies 
in front of the L4 vertebral body in 75% of individuals [1]. A 
tilt forward or backward, activates the abdominal or erector spi-
nae muscles. Lumbar discs play a critical role in redistributing 
pressure and aiding the lumbar muscles in flexion, extension, 
side bending, and rotatory positions. A degenerated or herni-
ated disc would increase load borne by the muscles potentially 
increasing risk for fatigue and altered biomechanics across the 
segment. Tight hip flexors and hamstrings could also create 
muscle imbalance predisposing to myofascial pain [2]. A flexed 
and rotated position of the spine puts maximum pressure, 
increasing the likelihood for a lumbar strain.

Epidemiology More than 80% of people will experience 
low back pain in their lifetime [3]. Low back pain is more 
common in females than in males [4]. Back pain due to mus-
cle strain and myofascial pain is more common than back 
pain due to some other causes such as trauma, infection or 
malignancy [4]. Lumbar strain is the cause of 70% of uncom-
plicated low back pain and seen between the ages 20 and 50 
[5]. Myofascial pain is estimated to occur in around 85% of 
patients visiting pain clinics. The most common age group 
for myofascial pain is between 27 and 50 years [6, 7].
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Etiology Overuse syndrome and alterations in biomechanics 
are common etiologies of myofascial pain and muscle strain. 
Overuse syndrome includes increased exercise activity and 
overload from work postures [8]. Poor work ergonomics are 
an independent contributor to myofascial pain [8]. Structural 
changes such as spondylosis and age-related scoliosis are 
degenerative contributors of myofascial pain. Less common 
etiologies of myofascial pain include  trauma- induced and 
systemic causes such as vitamin D, iron deficiency, and hypo-
thyroidism. Eleven Studies show myofascial trigger points 
commonly appear in muscular structures used for posture 
maintenance [9]. In lumbar spine, muscle imbalances between 
the erector spinae groups, pelvic floor groups, and hips girdle 
muscles can trigger myofascial pain. Quadratus Lumborum 
and Gluteus Medius muscles may be more frequently involved 
than lumbar and gluteal muscles [2].

3.3.1  Trigger Point

Although the exact reason for trigger point is not well under-
stood, the integrated hypothesis proposed by Travell and 
Simons explains the interplay of biomechanical, biochemi-
cal, and pain sensitization mechanisms giving rise to trigger 
points seen in myofascial pain. Biomechanical factors such 
as repetitive contraction and/or excessive muscle load cause 
buildup of acetylcholine, low acidic PH, and a low ATP 
energy state creating ischemia, hypoxia, and capillary con-
striction [10]. In an unprovoked state, biochemical changes 
in normal muscle activation are in equilibrium. This equilib-
rium is disturbed when repetitive eccentric contractions or 
submaximal or maximal concentric contractions create mus-
cle imbalances [10]. An imbalance in acetylcholine required 
for muscle activation hinders its formation and breakdown 
leading to an inflammatory and noxious ischemic state [10]. 
Persistent contractions continue this process of inflammation 
and ischemia. Recurrent nociceptor activation caused by the 
noxious milieu modulates pain perception by converting 
peripheral sensitization to central sensitization [10].

3.4  Clinical Presentation

History is critical in differentiating myofascial pain over 
lumbar muscle strain as the latter may involve an acute incit-
ing event.

3.4.1  Myofascial Pain

Myofascial pain is described as deep, aching, or sharp and its 
intensity can vary from minimal to incapacitating. The pain 
may be felt at rest or during activity. It is regional, often 

poorly localized and not well circumscribed. Distinct from 
cutaneous pain, myofascial pain refers highlighting the 
importance of ruling out other referral sources such as spinal 
radicular pain. The presence of muscle tenderness and repro-
duction of symptoms through palpation of “trigger points 
taut bands” are understood as diagnostic criteria for myofas-
cial pain [7].

3.4.2  Muscle Strain

A muscle strain is a mechanical impairment coinciding with 
pain. Much of the clinical presentation of strain would over-
lap with myofascial pain with similar functional deficits and 
hesitancy toward activity participation. There are three 
grades of strains as seen in Table 3.1 [11].

3.5  Physical Examination

Examination findings may overlap for myofascial pain and 
strain making it difficult to distinguish them with examina-
tion alone. A distinct feature for myofascial pain is the pres-
ence of palpable taut bands. Patients may present with 
posture asymmetry due to back spasm and demonstrate 
guarding or hesitancy during active range of motion testing 
in flexion, extension, side bending or rotation along with 
impaired function. Trunk movements could trigger symp-
tomatic muscle spasm and patients may hesitate or defer 
manual strength testing. There should be no antalgic com-
ponents although there may be an element of hesitation with 
ambulation. Leg length discrepancy, pelvic obliquity, and 
scoliosis create mechanical strain affecting lumbar muscles 
during ambulation. Hamstring and hip flexors should be 
judiciously examined for range of motion and strength defi-
cits. Their tightness or weakness impacts muscles in its 
proximity [12].

Lumbar myofascial pain is characterized by palpable 
bands of muscle tissue called trigger points. Further classi-
fied as active and passive, active trigger points are painful at 
rest and latent trigger points are asymptomatic at rest [13]. 
They are asynchronous to the direction and texture of nor-
mally palpated tissue. They feel nonuniform, heterogenous, 

Table 3.1 Muscle strains grades and clinical presentation

Grade 
1

Less than 5% of muscle fibers effected. Mild damage to 
individual muscle fibers without loss of strength and motion.

Grade 
2

Between 5% and 50% of fibers affected. Partial muscle tear 
without complete rupture but with significant pain and loss 
of strength and motion.

Grade 
3

Complete rupture of a muscle or tendon. Severe pain, 
swelling, and complete loss of function. May present with a 
palpable defect. May require surgery to reattach the 
damaged muscle and tendon.

R. Budwany et al.
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with a firm consistency, and refer pain. Sometimes a local 
twitch response is elicited upon transverse palpation or nee-
dle insertion. In the lower back, iliopsoas, piriformis, and 
quadratus lumborum are common causes of myofascial pain 
and trigger points in about 48% of the cases [14].

3.6  Diagnostic Workup

3.6.1  Myofascial Pain

Physical examination is all needed for myofascial pain, in 
particular palpation of taut bands with concordant pain. 
Imaging is not necessary in myofascial pain. EMG evalua-
tions show increased activity with synergistic muscle con-
traction of taut muscles compared to normal muscles. These 
appear as increased frequency of miniature endplate poten-
tials at neuromuscular junctions of taut bands with abnor-
mal spontaneous activity creating endplate noise. 
Ultrasonography can differentiate taut band which has tis-
sue texture changes and hypoechogenicity [15].

3.6.2  Muscle Strain

In addition to a physical exam, to determine the degree of 
injury to the muscle, advance imaging could be considered. 
Both US and MRI have utility in muscle strain. Ultrasound 
(US) is a first level diagnostic tool, affordable, fast to per-
form with 77% and 93% for nonstructural and structural 
injuries, respectively [27]. Ultrasound allows diagnosing a 
structural injury of the muscle 36–48 hours after the trauma. 
US appearance of a partial moderate lesion is characterized 
by a hyperechoic area which becomes markedly inhomoge-
neous, with evidence of structural disarray, and a wide 
anechoic area within and outside the muscle [27]. MRI, in 
particular fluid-sensitive (STIR and T2) sequences, allows 
detection of lower grade muscle strain and also deeper mus-
cle injuries with sensitivity approaching 92% [27].

3.7  Treatments

3.7.1  Medical Management

3.7.1.1  Muscle Strain
Acute muscle strain should be managed immediately with 
Protection, Rest, Ice, Compression, and Elevation (PRICE 
formula). This will help reduce swelling and allow for appro-
priate healing of the tissue to begin. Bed rest may be appro-
priate for severe strain and only for a short duration of 
1–2 days (prolonged bed rest can have poorer clinical out-
come) [20]. NSAIDS are considered first line therapy and 

effective for nociceptive pain and inflammation associated 
with acute muscle strain [16]. Duloxetine and mild opioids 
could be utilized for short-term pain relief of acute muscle 
injury including strains [17].

3.7.1.2  Myofascial Pain
Acetaminophen and nonsteroidal anti-inflammatory medica-
tions are commonly used. Studies have shown topical lido-
caine, topical diclofenac sodium, and lidocaine/tetracaine 
patches are more effective than a control patch [18, 19]. 
Muscle relaxants may be beneficial in managing myofascial 
pain but could result in sedation. There are no indications for 
narcotics in myofascial pain. Studies have shown low levels 
of vitamin D may have a role in myofascial pain etiology 
(and other chronic MSK conditions) [2], therefore supple-
menting it may be necessary.

3.7.2  Rehabilitation

Studies show exercise and patient education reduced the 
risk of a future episode of low back pain by 45%, whereas 
exercise alone reduced the risk by only 35% [4].

3.7.2.1  Myofascial Pain

Myofascial Release (MFR)
It is a hands-on soft tissue technique facilitating a stretch into 
the restricted fascia. The releasing technique addresses both 
superficial and deep restrictions that may be affecting all 
four layers of the connective tissue. This technique uses a 
sustained pressure of 90–120 seconds applied into the tissue 
barrier causing a histological length change allowing the first 
release to occur. This is followed by additional releases into 
the new barrier and can occur many times repetitively. The 
tissue will then become softer and pliable as the length of the 
myofascial tissue is restored and will take pressure off of the 
pain-sensitive structures including nerves and blood vessels 
allowing normal joint mobility and alignment. Some benefits 
of MFR include normalization of fluid flow and muscle func-
tion, improved nervous system, and proprioceptive function 
decreasing stress on tissue around the fascia and in other 
areas of the body.

Physical Therapy
PT can be effective through skilled therapy addressing both 
soft tissue and joint dysfunction enabling better and more 
efficient movement patterns. One common example of this 
would include iliopsoas dysfunction. Restrictions in the ilio-
psoas are observed in patients presenting with excessive 
anterior pelvic tilt (Fig. 3.1). This tilt will inhibit transverse 
abdominal recruitment and can easily be the driver of lumbar 
strain with activity. Myofascial release to the iliopsoas 
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(Fig.  3.1) followed by hip flexor stretching (Fig.  3.1) and 
strengthening allow to strengthen the stabilizers and correct 
posture in weight bearing, thus reducing stress and strain on 
the lumbar tissues.

Spray and Stretch Technique
Using vapocoolant spray (e.g., Fluoromethane) along with 
stretching can facilitate taut muscle length restoration. Cool 
vapocoolant spray anesthetizes and inhibits cutaneous noci-
ceptors permitting painless range of motion through passive 
stretch. The stretching motion inactivates myofascial trigger 
points by releasing muscle tension in the taut fibers and 
restoring muscle length [19].

3.7.2.2  Muscle Strain
Pain-free active range of motion can be encouraged once the 
inflammatory phase of healing is ending. As range of motion 
normalizes and does not elicit pain, strengthening can begin. 
As strength normalizes, progressions into sport or work- 

specific activities may commence. This process may take as 
little as four weeks or as long as three to six months depend-
ing upon grade of muscle strain, degree of injury, and the 
activity levels required from the individual.

In lumbar strain, limitations in hamstring flexibility and 
loss of adequate strength or recruitment of the stabilizers or 
inner core, specifically the transverse abdominis are 
observed. Initial treatments include passive modalities to 
help continue the healing process. For muscle strain, the pas-
sive modalities most commonly used include ultrasound and 
electrical stimulation (TENS), as well as ice or heat, depend-
ing on the stage of healing. Manual therapy including soft 
tissue and joint mobilization, myofascial release, and muscle 
energy techniques aid in tissue healing and improve muscu-
lar recruitment and balance. Active treatment should include 
lumbar stabilization exercises (Fig. 3.1) as well as hamstring 
stretching activities (Fig.  3.1). The stabilization activities 
typically begin with nonweight bearing but can progress to 
weight bearing as indicated. Individuals with work-related 

a

d
e

b c

Fig. 3.1 (a) Lumbar stabilization exercise. (b) Hamstring Stretch. (c) Hip flexor stretching. (d) Anterior pelvic tilt due to restricted iliopsoas 
muscles. (e) MFR right psoas muscle
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injuries or bending/lifting deficits, should eventually prog-
ress to instruction on proper lifting techniques and body 
mechanics. Depending on the individual, skilled therapy 
may be needed 1–2 times per week, for 4–12  weeks to 
 adequately educate on a home exercise program and monitor 
progress to an appropriate level.

3.7.3  Procedures

3.7.3.1  Trigger Point Injection
Pain associated with myofascial trigger point (active and 
latent) responds to trigger point injections (TPI) of local 
anesthetic or dry needling [18, 22]. A physical muscle twitch 
(twitch response or jump sign) is often seen in TPI/dry nee-
dling. In the author’s experience, when twitch response is 
noted, the trigger point injection is more effective. Use of 
steroids or botulinum toxin is not validated in TPI. US may 
be used for lower thoracic TPI, particularly in thin individu-
als to avoid iatrogenic pneumothorax.

3.7.3.2  Acupuncture
Acupuncture is considered one of the oldest medical proce-
dures. Acupuncture stimulation results in the release of endor-
phins, interleukins, substance P, and adenosine which help to 
mitigate pain. Opioid antagonists can block the analgesic 
effects of acupuncture [23, 24]. A meta-analysis showed that 
acupuncture therapies in isolation or combined with other 
therapies, are effective in decreasing pain and improving phys-
ical function in patients with myofascial pain [25].

3.7.3.3  Orthobiologics
There is no evidence to support the use of orthobiologics in 
myofascial pain. Utility of PRP has been studied more in 
tendon disorders as opposed to muscle injury, although PRP 
may have some utility in Grade I or II muscle strains [21]. 
Application of orthobiologics in MSK medicine is discussed 
elsewhere in this book.

3.7.4  Surgery

3.7.4.1  Myofascial Pain
Surgery is not indicated for myofascial pain.

3.7.4.2  Muscle Strain
Surgery for muscle strain may involve reattachment of torn 
muscle or tendon particularly for a grade III injury. It is indi-
cated for complete lesion of the muscle belly or of the myo-
tendinous junction, and subtotal lesion associated with 
persistent pain and loss of strength after exhausting conser-
vative management [26, 27]. Optimal suturing of the myo-

tendinous muscle junction injuries should permit early 
rehabilitation with a low risk of rupture or stitch pullout [27].
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Back Pain: Discogenic

Ya-Ting Chen, Ashley Cotter, and Zacharia Isaac

4.1  Synonyms

• Axial back pain
• Discogenic low back pain
• Discogenic neck pain
• Low back pain without radiculopathy
• Degenerative intervertebral disc disease without 

herniation
• Annular disruption-induced low back pain
• Internal endplate disruption-induced low back pain

4.2  ICD 10 Code

• Cervical Discogenic Pain Syndrome M50.20
• Discogenic Cervical Pain M54.2
• Lumbar Discogenic Pain Syndrome M51.26
• Discogenic Thoracic Pain M54.6

4.3  Description

Discogenic low back pain is pain related to degenerative disc 
disease without herniation or other spinal deformities. It is a 
common etiology in the low back pain population with 
higher prevalence among younger adults [1–3]. Discogenic 
pain occurs from degenerative changes of the intervertebral 

disc in the setting of biomechanical instability and inflam-
mation [1, 2]. Such changes result in central and peripheral 
nervous system sensitization through mechanisms discussed 
further below [4, 5, 6]. Diagnosis is predominantly clinical 
and presently lacks a sensitive and specific noninvasive gold 
standard test. Degenerative disc changes are commonly pres-
ent in asymptomatic individuals with increasing incidence 
based on age. However MRI, CT, and X-ray imaging find-
ings of degenerative disc changes are not sufficient to estab-
lish the diagnosis of discogenic pain. Invasive testing, such 
as provocative discography, has limitations including risk of 
accelerated disc degeneration [1, 7–9] and therefore is not 
part of standard medical workup. Additionally, treatment 
options such as surgical fusion have not demonstrated supe-
riority in several randomized controlled trials compared to 
cognitive and exercise-oriented therapies [10].

Anatomy The disc is composed of the gel-like central 
nucleus pulposus containing proteoglycan and water sur-
rounded by the annulus fibrosus consisting of concentric 
interwoven lamellar sheets, bordered by superior and infe-
rior cartilaginous endplates. Common disc degenerative 
changes include disc desiccation (dehydration), loss of disc 
height, concentric bulging, annular tears, and Modic marrow 
changes of the vertebral endplate. Degenerated disc tissues 
have high concentrations of inflammatory cytokines and 
other proinflammatory substances which may contribute to 
Modic endplate changes; pain-sensitizing processes also 
occur involving nerve ingrowth into the endplates [4, 5, 6, 
11, 12]. The body’s attempt to repair annular tears through 
neovascularization and tissue granulation can further sensi-
tize the new unmyelinated nerve endings of the disc and end-
plate [4]. Thus, discogenic pain is considered both nociceptive 
and neuropathic [1]. Discogenic pain originates from the 
degenerated posterior annulus and is distinct from vertebro-
genic pain. Vertebrogenic pain is hypothesized to be noci-
ceptive signals originating from the edematous vertebral 
endplate and transmitted via the basivertebral nerve [6, 11].
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Etiology (Table 4.2) The incidence of discogenic lower back 
pain appears to be higher in patients who are obese, sedentary, 
smokers, and those with jobs exposed to frequent lifting and 
vibration [13]. Based on studies, MRI of individuals who 
smoke or have jobs requiring lifting shows a greater disc height 
reduction over the course of years. This suggests smoking and 
lifting as modifiable risk factors for discogenic pain [14]. 
Additionally, inflammatory reactions, infections, and meta-
bolic disorders could also potentially accelerate disc degenera-
tion [1]. A 16-year prospective cohort study also demonstrated 
cardiovascular risk factors including  atherosclerosis to be sig-
nificantly and independently associated with symptomatic 
lumbar disc herniation [15]. In a case- control study, genetic 
and familial risk factors as well as occupational risk factors 
were contributors to degenerative disc disease [14, 16]. Recent 
studies demonstrate intervertebral disc disease to be a common 
cause of chronic low back pain among younger adults (mean 
age of 44 years), while older patients are more likely to have 
facet joint or sacroiliac joint pain until age 70 [3].

4.4  Clinical Presentation

Discogenic pain is generally described as a midline, nonra-
diating, deep dull ache, provoked by forward flexion due to 
increased axial loading [17]. Coughing, sneezing, valsalva, 
jumping, and running may trigger an acute painful episode 
severe enough to warrant urgent care visit. Pain can radiate 
to the groin, buttocks or thigh, even without nerve compres-
sion [17]. Symptoms may improve with standing, lying flat, 
and lumbar extension [18]. Red flags must be ruled out 
including fever and chills, progressive weakness and numb-
ness, bowel and/or bladder dysfunction, and weight loss, as 
they may indicate systemic disease, cancer, spinal abscess, 
osteomyelitis, or spinal cord compression. Discogenic pain 
can be difficult to diagnose as it may overlap with other 
back pain etiologies, including myofascial pain, fractures, 
facet- mediated pain, sacroiliac-mediated pain, proximal 
lumbar radiculopathy, and vertebrogenic pain.

4.5  Physical Examination

A comprehensive neurological and musculoskeletal exami-
nation helps narrow the differential diagnoses of low back 
pain (Table 4.1). There is no gold standard highly sensitive/

specific examination for discogenic back pain. A reliable test 
is axial low back pain during forward flexion and should 
raise the suspicion for discogenic or vertebrogenic pathology 
[17]. As discogenic pain shares similar characteristics with 
many other spinal and skeletal disorders, examining patients 
to rule out the other common back pain etiologies is 
important.

4.6  Diagnostic Workup

4.6.1  X-Rays

Plain radiographs are poor in visualizing disc material but 
can identify deformities, spondylolysis, and spondylolisthe-
sis, disc space narrowing, bony endplate changes, calcifica-
tion in soft tissue, and other degenerative changes of spine 
structure including the facets. X-ray is often the first diag-
nostic test in a symptomatic spine without red flags.

4.6.2  MRI

Currently there is no gold standard for diagnosing discogenic 
back pain. MRI is the most frequently used diagnostic imag-
ing modality in evaluating discogenic pain [19]. Despite dif-
ferent MRI techniques, it is important to know that many 
people with imaging findings of disc degeneration are 
asymptomatic. MRI is only moderately effective in identify-
ing the etiology of back pain.

MRI can assess disc desiccation (decreased water concen-
tration and decreased proteoglycan content), loss of disc 
height, disc herniations, and marrow endplate abnormality 
(Modic changes) [9, 14]. In research, the MRI-based 
Pfirrmann grading (I-V) is typically used to provide both 
semiquantitative and subjective assessment of the disc struc-
tures and signal intensities on a sagittal T2-weighted MRI 

Table 4.2 Risk Factors for Discogenic back pain

Cardiovascular risks (Age <60) Genetic risks Occupational risks General risks
Hypertension Polymorphisms of matrix metalloproteinase 3 Smokers with a lifting job Smokers
Atherosclerosis Polymorphisms of vitamin D receptor Jobs with twisting BMI >30
Diabetes Family history of LBP Jobs with bending Previous Back injury
MI Familial obesity Jobs with whole body vibration Sedentary people

Table 4.1 Differential diagnosis of discogenic low back pain

Spinal stenosis with back pain Spondylolisthesis
Compression fracture Failed back surgery syndrome
Proximal extent of radiculopathy Sacroiliac joint dysfunction 

syndrome
Facet joint pain Myofascial pain
Kyphosis/scoliosis-related 
mechanics

Ligamentous injury

Y.-T. Chen et al.
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[1]. The Modic classification (types 1–3) is also commonly 
used to describe the endplate-related signal changes (Fig. 4.1 
and Table  4.3) and is based on findings seen in both 
T1-weighted and T2-weighted MRI [20]. Modic 1 change in 
particular is highly associated with discogenic back pain 
[21]. Additionally, the high-intensity zone (HIZ), a hyperin-
tense signal located in the posterior annulus fibrosus is 
clearly distinct from the signal from the nucleus pulposus on 
MRI and correlates with increased level of annulus damage 
and back pain [1].

Hyperintensity zone (HIZ) has been shown to be particu-
larly easy to recognize on T2-weighted MRI of the lumbosa-
cral spine [1, 22, 23]. Both type 1 Modic changes and HIZ 
have shown to correlate to positive findings on discography 
[1, 24, 25]. On conventional T2-weighted MRI, morphology 
and water content of the disc can be assessed, but this modal-
ity is not sensitive to detecting the proteoglycan content 
found in nucleus pulposus [26]. Alternatively, T1ρ MRI is a 
different technique shown to correlate well with nucleus 
pulposus’ proteoglycan content [27]. In a study with a sam-
ple size of 28 patients, the T1ρ value was significantly lower 
in the painful discs among patients who received multilevel 
provocative discography [27].

4.6.3  Discography

According to a systematic review, discography was the sec-
ond most commonly utilized diagnostic test for this diagno-
sis [19]. Image-guided provocative discography can be 
performed to elicit concordant back pain by injecting con-
trast dye into the nucleus pulposus of the disc and pressur-
izing the degenerated disc while comparing the result to 
injection of contrast into a control disc which is normal on 
MR and pain-free with the injection (Fig. 4.2). An asymp-
tomatic disc (control) is required to determine whether this 
test has specificity. When pain is generated by discography, 
it is either concordant (familiar in location and diagnostic) or 
discordant (different location and nondiagnostic). 
Discography is considered positive if it elicits concordant 
pain. Further characterization of the disc degeneration 
requires postdiscography CT scan which defines internal 
disc derangement including annular tear and fissures.

The risks for provocative discography include discitis, neu-
rologic injury, reaction to contrast dye, increased risk of accel-
erated disc degeneration, and ipsilateral herniation [8, 9]. 
Despite these potential risks, it was estimated that about 70,000 
patients had received lumbar provocative discography in 2013 
[8]. It is therefore important to have an informed discussion 
with the patient regarding the limitations, benefits, and risks of 
discography in the diagnostic workup for discogenic back pain.

A recent systematic review found the diagnostic accuracy 
of lumbar discography for chronic discogenic back pain to 
have a fair level of evidence when the International 
Association for the Study of Pain (IASP) criteria were 
applied [28]. The IASP criteria are met when a patient’s back 

a b c

Fig. 4.1 Modic type 1 changes at L3-4 hallmarked by marrow edema 
(hypointense on T1-weighted (a), hyperintense on T2-weighted (b), 
and hyperintense on STIR (c). Modic type 2 changes are present at L4-5 

hallmarked by marrow signal changes being hyperintense on T1 (a), 
hyperintense on T2 (b), and isointense on STIR (c)

Table 4.3 The Modic classification based on MRI sequence [20]

Modic 
Type

Endplate 
changes

T1-weighted 
Sequence

T2-weighted 
Sequence

1 Edema Hypointense Hyperintense
2 Fat infiltration Hyperintense Isointense or 

hyperintense
3 Sclerotic 

changes
Hypointense Hypointense

4 Back Pain: Discogenic
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pain is reproduced with disc stimulation without pain provo-
cation at two adjacent discs, and when no other pain  generator 
could be identified [19]. The systemic review demonstrated 
Level 3 evidence for the prevalence and diagnostic accuracy 
of lumbar discography, and Level 4 evidence for cervical dis-
cography utilizing IASP criteria [28]. Though a strong cor-
relation between positive discography and positive imaging 
for disc degeneration has been demonstrated, discography 
does not appear to improve spinal fusion outcomes [7, 8].

Serum Biomarkers Many serum biomarkers are being stud-
ied as a new way to determine the source of back pain and 
they include but are not limited to tumor necrosis factors, 
interleukins, type 2 collagen, fibrinogen, substance P, and 
complement C3. These biomarkers can be indicative of spe-
cific biologic processes contributing to discogenic pain, but 
the major diagnostic challenge is in increasing their specific-
ity as many of these biological factors are also involved in 
systemic disorders [1].

4.7  Treatments

4.7.1  Medical Management

To date, there is no well-established treatment that is consis-
tently effective for managing discogenic pain [1, 2, 19]. 
Nonoperative and nonpharmacological therapies are recom-
mended as first-line treatments including acetaminophen, non-
steroidal anti-inflammatory agents (NSAIDs), and short- term 

opioids [1, 2, 29]. Oral steroids have minimal role in manag-
ing discogenic pain [2]. Use of muscle relaxants is common 
but causes sedation with limited benefit [1, 29]. As discogenic 
pain consists of both nociceptive and neuropathic pain, dulox-
etine, a selective serotonin and norepinephrine reuptake inhib-
itor, may be useful in managing discogenic pain (FDA 
approved for chronic low back pain in adults) [1, 2, 30].

4.7.2  Rehabilitation

Therapeutic PT exercises include range-of-motion, stretch-
ing, core stabilization, motor control, strengthening, and 
general conditioning. Individualized exercises prescribed to 
match the directional preference have been shown to pro-
mote centralization for radiating lower extremity pain, 
improve mobility, and reduce medication use [31, 32]. 
Discogenic low back pain typically follows an extension 
directional preference, such as repeated standing or prone 
lumbar extension, and can reduce radicular symptoms and 
low back pain (Fig. 4.3). Lumbar core stabilization instruc-
tion can be individualized according to the patient’s direc-
tional preference, with emphasis on appropriate recruitment 
patterns of the deep core spinal stabilizers, such as bird-dog 
exercise (Fig. 4.4) and prone trunk (Fig. 4.5) extension exer-
cise [33, 34]. Stretching of tight lower extremity and core 
musculature can be beneficial in relieving local myofascial 
symptoms, but not recommended if the stretch increases 
radicular symptoms.

Physical therapists also provide general education on 
body mechanics, behavioral education, and pain physiology 

Fig. 4.2 AP and lateral X-rays of L3-5 discography. L3/4 and L5/S1 are both desiccated. L4/5 and L5/S1 disc both appear fissured
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[32]. This includes but is not limited to functional movement 
training, home exercise program, strategies to prevent recur-
rence, cognitive behavioral therapy, and pain education. 
Current evidence supports pain education with chronic mus-
culoskeletal conditions and has been shown to reduce psy-
chosocial factors, increase patient knowledge of pain, 
decrease disability and pain, and minimal healthcare utiliza-
tion [35].

The physical therapy management of discogenic low back 
pain is most effective with a multimodal treatment approach 
with a combination of McKenzie Method of Mechanical 
Diagnosis and Therapy, therapeutic PT exercise, manual 
therapy, traction, modalities, and pain neuroscience 
education.

Manual therapy for the lumbar spine includes spinal 
manipulative therapy (SMT), spinal mobilization, soft tissue 
mobilization, and myofascial release. Studies have shown 
patients with discogenic low back pain undergoing lumbar 
mechanical traction in combination with manual therapy had 

statistically significant improvement in low back pain and 
lumbar range of motion [36, 37].

4.7.3  Procedures

4.7.3.1  Steroid Injections
There is no indication for the routine use of epidural steroid 
injections for discogenic low back pain, and there is also a 
lack of evidence for intradiscal steroid injections [1, 7, 38]. 
In low power studies, patients with discogenic axial back 
pain appear to benefit from transforaminal epidural delivery 
in terms of pain and physical function [39].

4.7.3.2  Intradiscal PRP
Platelet-rich plasma (PRP) is a concentrated solution of 
platelet, fibrin, and growth factors that may promote cellular 
repair or replacement of the diseased annulus fibrosus, 
nucleus pulposus, and intervertebral discs [1, 40]. Based on 
a recent meta-analysis, intradiscal PRP has been shown to 
significantly improve discogenic pain (visual analog scale) 
and disability (Oswestry Disability Index score) by 2 months 
and 6  months after intradiscal injections [40, 41]. While 
intradiscal PRP (Fig. 4.6) carries similar risks to discography 

Fig. 4.3 Prone lumbar extension

a b

Fig. 4.4 (a) Deep core stabilization. (b) Bird-dog exercise

Fig. 4.5 Prone lumbar extension hold
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given its invasive nature (Fig.  4.6), no adverse event was 
reported in aforementioned meta-analysis [2]. Further 
research is needed to evaluate PRP’s long-term safety and 
outcome [2].

4.7.3.3  Other Intradiscal Interventions
Techniques have been developed to thermally (intradiscal 
electrothermal therapy) or chemically (intradiscal methylene 
blue injection) ablate the newly grown nerve fibers and/or 
inflammatory structures at the involved disc, but these 
 interventions overall have poor evidence and therefore are 
rarely used [1, 2].

4.7.3.4  Intraosseous Radiofrequency Ablation 
of the Basivertebral Nerve

As vertebrogenic low back pain can also occur due to 
increased nociceptive transmission via the basivertebral 
nerve in the setting of discogenic endplate degenerative 
changes, a transpedicular delivery system (Intracept System, 
Relievant Medsystems, Sunnyvale, CA, USA) has been 
developed with the goal to interrupt the pain transmission by 
thermally ablating the basivertebral nerve [11]. This mini-
mally invasive technique has recently gained level 1 evidence 
based on a double-blinded, randomized clinical trial with 
2-year outcome among patients with chronic lumbar back 
pain and Type 1 or 2 Modic changes who had not responded 
to nonoperative management [11]. For details on this topic, 
refer to chapter Vertebrogenic back pain.

Spinal cord stimulation (SCS)  While SCS is not indicated 
for treating discogenic pain in nonoperated spine, it is a 
growing neuromodulation therapy utilized for refractory 
chronic back or leg pain in the postoperative failback condi-

tions. Paresthesia-free high frequency SCS is shown to be 
superior to the traditional paresthesia-based SCS in two ran-
domized clinical trials [42].

4.7.4  Surgery

Pursuing interbody fusion surgeries to remove the painful 
disc is considered as a second-line option for those who did 
not respond to nonoperative therapies [1]. Long-term clinical 
studies so far have seen fusion failure, persistent chronic 
pain, and adjacent segment disease (ASD) as potential com-
plications after the surgery [2]. Total or artificial disc replace-
ment is a newer technology that may avoid ASD and maintain 
segmental mobility, but its long-term outcome is still being 
investigated [1, 7]. For details of surgical options, refer to 
chapter Surgeries in Spine.
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Back Pain: Facet Syndrome

Paragi Rana

5.1  Synonyms

• Facet joint arthropathy
• Facet joint arthritis
• Facet joint pain
• Zygapophyseal joint pain
• Spondylosis (Cervical, Thoracic, or Lumbar)

5.2  ICD 10 – Code

• Cervical – M47.812 Spondylosis without myelopathy or 
radiculopathy cervical region; M47.892 Other spondylo-
sis, cervical region; M54.2 cervicalgia

• Thoracic – M47.814 Spondylosis without myelopathy or 
radiculopathy thoracic region; M47.894 Other spondylo-
sis, thoracic region; M54.6 Pain in thoracic spine

• Lumbar – M47.817 Spondylosis without myelopathy or 
radiculopathy; M47.896 Other spondylosis, lumbar 
region, M54.5 Low back pain

5.3  Description

Spine facet syndrome (unilateral or bilateral) occurs when 
facet or zygapophyseal joints become the source of pain. The 
reported prevalence of facet pain in the population is both 
variable and controversial ranging from cervical 25–66%, 
thoracic 34–48%, and lumbar 22–45% [1, 2]. Overall, its 
incidence increases with advancing age.

Facetogenic pain most commonly occurs in the setting of 
degenerative disease, repetitive sprain, poor ergonomics, and 
trauma. Intervertebral disc degeneration will also alter stress 
forces on the facet joints and vice versa. The presence of 
concurrent disc height narrowing is associated a nearly two-

fold increased risk of facet joint osteoarthritis [3]. Other eti-
ologies of facet pain, include synovial cyst, inflammatory 
arthritis, and trauma particularly deceleration injuries; this 
includes whiplash injuries which can account for more than 
50% of cases of chronic axial neck pain following motor 
vehicle accidents [4]. In the lumbar spine, Body Mass Index 
(BMI) has been found to be an independent risk factor. BMI 
of 25–30 and BMI of 30–35 are associated with a three- and 
five-fold higher risk of developing facet arthropathy respec-
tively [5].

In the cervical spine, the C2-3 is the most common cervi-
cal facet pain generator followed by C5-6 [6]. The C1-2 and 
C2-3 joints are generally implicated in cervicogenic head-
aches. In the lumbar spine, the greatest degree of strain and 
motion occurs at L4-5 and L5-S1.

5.3.1  Anatomy

There are 23 pairs of facet joints from C2 to S1. Facets and 
intervertebral discs combined provide stability to the spinal 
column. Each facet joint is formed by the articulation of the 
inferior and superior articular processes of adjacent vertebral 
bodies. Facets are synovial joints and its articulation pro-
cesses are covered by cartilage and synovial lining, and the 
joint is surrounded by a fibrous capsule and ligaments [7]. 
The orientation of the facet joint is variable based on loca-
tion. In the cervical spine, the joints are inclined approxi-
mately 45 degrees from the axial plane. Thoracic facet joints 
are the most vertically orientated; they have an approximate 
60-degree incline and 20-degree rotation in the axial plane. 
In the lumbar spine, upper lumbar facet joints are more 
aligned with the sagittal plane; in contrast, lower lumbar 
facet joints are more parallel to the coronal plane [3]. The 
volume capacity of the joint is 0.5–1 mL in the cervical/tho-
racic spine and 1–1.5 mL in the lumbar spine.

The facet joint is well innervated by encapsulated, unen-
capsulated, and free nerve endings. The synovial lining con-
tains small C-type nerve fibers [8]. In general, facets have a 
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bisegmental innervation from the medial branch of the dorsal 
rami of the same level and the level above. Exceptions 
include innervation of atlanto-occipital and atlanto-axial 
joints which are derived from the C1 and C2 nerve roots, the 
C2–3 facet which is supplied by the third occipital nerve 
(and an articular branch of the posterior ramus of C3), and 
the L5-S1 facet joint which is innervated by the L5 dorsal 
ramus and the L4 medial branch. In the lumbar spine, each 
medial branch travels underneath the mamillo-accessory 
ligament. Lumbar medial branch also innervates the interspi-
nal ligaments, periosteum of the neural arch, and multifidus 
muscle.

Tables 5.1, 5.2, and 5.3 provide the differential diagnosis 
for facet-mediated pain in the cervical, thoracic, and lumbar 
spine.

5.4  Clinical Presentation

While presenting symptoms and pain referral patterns can 
assist clinicians in diagnosing facetogenic pain, specificity of 
such clinical information has not been demonstrated to be 
reliable [6, 9].

Cervical Facet Syndrome Patient will present with axial 
unilateral > bilateral dull, aching pain. This neck pain often 
has a particular referring pattern depending on which spe-
cific facets are involved. Upper facet joints produce pain in 
the proximal neck and occiput/headache (in particular C2/3). 
Middle cervical facet joints tend to be localized with referral 
toward shoulder tip and upper traps while lower cervical 
facet pain refers to the scapula.28 Sometimes facet pain may 
refer toward the arm but in contrary to radiculopathy, it does 

not follow a particular dermatome. Motor, sensory, and 
reflexes are normal in facetogenic pain [10].

Thoracic Facet Syndrome Patients will often describe tho-
racic/mid-back pain. This pain may be heightened by rotat-
ing the trunk and extending the spine and may refer along the 
adjacent rib. Pain is often associated with thoracic paraspinal 
muscle tightness [10].

Lumbar Facet Syndrome In the lumbar spine, facetogenic 
pain is often axial with associated stiffness. It has an insidi-
ous unprovoked onset, to most part localized, but can present 
with a nondermatomal radiculitis. It is common to describe 
stiffness upon getting up to walk, and resolution of stiffness 
after a few minutes of moving around [10]. Upper lumbar 
facet can refer to the flank, lateral hip, and upper lateral 
thigh. Lower lumbar facets tend to produce back pain, but-
tock/hip/groin, and posterolateral thigh pain (Table  5.4). 
Symptoms will be exacerbated by extension, lateral flexion, 
and combination which are referred to as “Facet loading”. 
Prolonged sitting and standing may trigger facet pain. Pain 
will often be relieved with forward flexion, walking, and 
intermittent rest.

5.5  Physical Examination

All patients should undergo an appropriate musculoskeletal 
and neurologic examination to identify deficits which may 
indicate the presence of critical diagnosis like myelopathy, 
cauda equina, or severe spinal stenosis. Sensation, motor 
strength, and deep tendon reflexes will be normal unless 
patients have coexisting diagnosis of nerve root impinge-
ment or stenosis. In some instances, strength may be func-
tionally limited secondary to pain. Physical examination 
should be appropriately expanded based on abnormal find-
ings. Other more concerning yet rare etiologies such as 
infection, fracture, or neoplasm should also be ruled out.

ROM should be tested and often has limitation due to pain 
or DJD.  Pain may be reproduced by localizing pressure 

Table 5.1 Differential diagnosis of cervical facet syndrome

Cervical discogenic pain Myofascial/soft tissue pain, 
fibromyalgia

Cervical radiculopathy Cervical spine strain/sprain
Inflammatory arthritis/rheumatoid 
arthritis

Discitis/osteomyelitis/fractures

Table 5.2 Differential diagnosis of thoracic facet syndrome

Thoracic discogenic pain Myofascial/soft tissue pain, fibromyalgia
Thoracic radiculopathy Thoracic spine strain/sprain
Rib fracture Discitis/osteomyelitis/fractures

Table 5.3 Differential diagnosis of lumbar facet syndrome 
(spondylosis)

Lumbar discogenic pain Myofascial/soft tissue pain, fibromyalgia
Lumbar radiculopathy Lumbar strain/sprain
Sacroiliac joint pain Piriformis muscle pain
Vertebral/sacral fracture Discitis/osteomyelitis/fractures
Inflammatory arthritis Diffuse idiopathic skeletal hyperostosis

Table 5.4 Lumbar facet joint pain referral patterns [9]

Location Implicated Joint
Low back L3-4, L4-5, L5-S1
Buttock L3-4, L4-5, L5-S1
Lateral thigh L2-3, L3-4, L4-5, L5-S1
Posterior thigh L3-4, L4-5 L5-S1
Greater trochanter L2-3, L3-4, L4-5, L5-S1
Groin L1-2, L2-3, L3-4, L4-5, L5-S1
Lateral lower leg L3-4, L4-5, L5-S1
Upper back L1-2, L2-3, L3-4
Flank L1-2, L2-3
Foot L4-5, L5-S1
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against painful facet(s) and may reproduce patient’s usual 
referral pattern. There are no physical exam maneuvers that 
are specific for the diagnosis of cervical, thoracic or lumbar 
facet syndrome, although “facet loading” may have some 
value. Extension, rotation, lateral flexion may reproduce 
symptoms [11]. Palpation of the segmental muscles overlying 
the facet joints may reveal tenderness and/or spasm. 
Tenderness of the lumbar paraspinal muscle have been found 
to have a positive predictive value in two large RCTs [12, 13].

5.6  Diagnostic Workup

5.6.1  Imaging

Radiologic imaging (X-ray, MR, CT) may show DJD in the 
facets of 40–85% of volunteered individuals, whether symp-
tomatic or not [14]. Imaging may assist with other causes of 
low back pain including degenerative disc disease, spondy-
lolysis, spondylolisthesis, spinal stenosis, spondyloarthropa-
thy, fractures, tumors, and infection. Primary findings of 
facet joint osteoarthritis on advance imaging (CT/MR) 
include joint space narrowing, sclerosis, cartilage thinning, 
subchondral sclerosis, erosion, joint capsule calcification, 
joint. MRI will better assess sequela of facet arthritis such as 
neural impingement, and facetitis with periarticular inflam-
matory soft tissue changes. Single-photon emission com-
puted tomography (SPECT) utilizing 99mTc labeled 
bisphosphonates provides the ability to identify areas of 
increased osteoblastic activity or synovial changes caused by 
hyperemia or inflammation which may prove to be more 
clinically useful. It has been demonstrated that SPECT may 
help in the identification of patients who would benefit from 
facet injection [16]. Many studies have failed to show a clear 
correlation between radiographic finding of facet DJD and 
response to diagnostic facet injections [15].

5.6.2  Diagnostic Injections

Given the inability to accurately diagnose the presence of 
facet-mediated pain by history, physical examination, and 
imaging, clinicians have used diagnostic injection as a prac-
tical tool to identify specific facets as a source of pain. 
Medial branches that innervate target facets are blocked with 
low-volume (0.5  cc) anesthetics and pain relief as well as 
functional gain is tracked for the half-life of the anesthetic 
used. Controversy does exist regarding the threshold of relief 
and number of diagnostic blocks which should be performed 
prior to establishing the diagnosis of spine facet syndrome 
and considering more definitive therapy. Most clinicians per-
form two sequential blocks with two different anesthetics 
(short- acting vs. long-acting) to minimize false-positive 

response. Recent systematic review of lumbar MBB and RF 
showed that patient selection based on 70–80% pain relief 
over two diagnostic blocks can expect 50% pain relief in 
50–60% of patients, 50% chance of obtaining 80% relief, 
and 25% chance of 100% relief. When the selection thresh-
old is raised to 100%, the probability of resolution of pain 
was stated to increase to 56% [19]. The incidence of false- 
negative blocks is estimated to be 11% and false-positive is 
approximately 25% [9, 17, 18].

5.7  Treatment

5.7.1  Medical Management

Nonsteroidal anti-inflammatories, muscle relaxants, and 
acetaminophen have been utilized for symptom management 
in spine DJD, particularly in acute flare-ups. Topical over the 
counter or compounded medication in cream/lotion or patch 
format may provide effective pain relief. Adjunct medica-
tions can be considered including anticonvulsants, gabapen-
tinoids, serotonin norepinephrine reuptake inhibitors (SNRI), 
and tricyclic antidepressants (TCA). Both osteopathic 
manipulation and acupuncture have been demonstrated to 
provide benefit in patients with axial low back pain in com-
parison to placebo [9]. Concurrent psychopathology such as 
depression, anxiety, substance use disorder should also be 
adequately treated. Studies have demonstrated that untreated 
mood disorders have a negative predictive value for interven-
tional therapies utilized in the management of facet- mediated 
pain [9].

5.7.2  Rehabilitation

Patients with spine facet syndrome will benefit from self- 
directed exercise, as well as formal flexion-biased rehabilita-
tion programs. If there is spondylolisthesis with evidence of 
instability on dynamic films, aggressive ROM exercises and 
manipulation should be avoided. Based on American 
Physical Therapy Association (APTA), evidence-based prac-
tice guidelines for orthopedic physical therapy management 
of patients with musculoskeletal impairments, in facetogenic 
pain, clinicians should provide a multimodal approach care 
including spinal manipulation/mobilization, neuromuscular 
exercise (coordination, proprioception, and postural train-
ing), stretching, strengthening, endurance training, aerobic 
conditioning, and cognitive affective elements. Physical 
therapist may include dry needling, laser treatment for pho-
tobiomodulation or intermittent mechanical/manual traction 
as part of treatment. Patient education and ergonomic 
 consideration are important in preventing chronicity of spi-
nal axial pain [22].
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5.7.3  Procedures

There are two primary interventional therapies which can be 
considered for the management of spine facet syndrome: 
intra-articular injections (steroid vs. biologics) and radiofre-
quency denervation of medial branches.

5.7.3.1  Intra-Articular Steroid Injection
The cervical facet injections (Image 5.2) can be performed 
both from posterior or lateral approach. Intra-articular place-
ment in thoracic facet pain can be challenging due to its ori-
entation, and X-ray/CT-guided posterior approach is the 
preferred technique. Orientation of the facet joints changes 
from L1 to L5 requiring adjustment to fluoroscopic angle 
(Image 5.1). There is controversy regarding the utility of 
intra-articular steroid injection in the management of spine 
facet syndrome. Pain relief from facet steroid injection is 
expected to be short lived. There is some evidence to suggest 
that intra-articular steroid injection may provide intermediate- 
term pain relief to a specific subset of patients who demon-
strate an active inflammatory process on SPECT imaging 
[9]. Since steroid is introduced, and steroid has systemic 
effect, the facet steroid injection may not serve as ideal diag-
nostic tool for facetogenic pain. When used as a prognostic 
tool before lumbar facet radiofrequency, medial branch 
block is associated with a higher success rate than intra- 
articular steroid injection [23].

5.7.3.2  Intra-Articular Biologics
In the past few years, with increased application of orthobio-
logics in MSK medicine, platelet-rich plasma, mesenchymal 

stem cell, and prolotherapy have been applied to treat painful 
facets with DJD.  PRP is derived from centrifugation of 
whole blood to augment platelet concentration while remov-
ing other unneeded cellular components. Currently, PRP 
preparation with high platelet count and low neutrophil con-
tent is preferred. A small number of prospective trials have 
suggested that there may be some benefit to using PRP injec-
tion in the treatment of pain or functional decline caused by 
facet joint arthropathy. Wu et al. administered intra-articular 
PRP in 19 patients with facet syndrome diagnosed by his-
tory, physical exam, and lumbosacral radiographs [21]. At 4 
and 8 weeks, 15 of 19 patients reported “good” or “excel-
lent” relief, statistically significant changes were observed 
on the Roland-Morris Disability Questionnaire; a 10% 
improvement in ODI was demonstrated, and a clinically sig-
nificant improvement in VAS was reported from 6.68 to 2.63 
[21]. There is a need for large-scale randomized controlled 
trials to determine the efficacy, safety, and long-term effects 
of regenerative therapies in facet-mediated pain [24].

5.7.3.3  Radiofrequency Medial Branch Ablation 
(RFA)

If a patient has significant pain relief (70% or more) from 
two diagnostic medial branch blocks (Image 5.1), the treat-
ing physician may recommend proceeding to RF ablation 
(Image 5.1) of the same medial branches. Denervation of the 
medial branch is achieved by placement of the active tip of 
the radiofrequency cannula parallel to the nerve. Sensory and 
motor stimulation of the medial branch is done to evaluate 
the distance to the target nerve and to avoid denervating ven-
tral nerve root. Conventional radiofrequency (Image 5.2) 

Image 5.1 Lumbar Medial Branch Block needle placement (left), Left L4-5 Facet joint Injection (middle), and Right Lumbar Medial Branch RF 
needle placement (right). (Images courtesy of S. Ali Mostoufi, MD, New England Spine Care Associates)
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will produce small pear-shaped tissue coagulation along the 
uninsulated length of a radiofrequency cannula. In studies 
examining the efficacy of RFA in the lumbar and cervical 
spine, data are overall positive for its utilization in appropri-
ately selected patients. Durability of relief is also variable in 
the literature ranging from 6 to 12 months, but often there is 
a correlation with age (longer effect in elderly). 
Radiofrequency denervation may be repeated as clinically 
indicated with reproducible success rates in pain relief. The 
most catastrophic and feared complication of radiofrequency 
denervation is inadvertent thermal damage of the ventral 
root, or the cord which should be largely avoidable with 
proper needle placement and neuromuscular testing (sensory 
at 2 Hz and motor at 50 Hz). Neuritis is the most commonly 
reported complication following radiofrequency ablation 
occurring in 5–10% of patients, and patients may describe as 
a “sunburn” pain.

5.7.3.4  Prolotherapy
This treatment involves the administration of a nonbiologic 
proliferant to promote repair of connective tissue and allevi-
ate pain through recruitment of inflammatory cells. There are 
three primary classes, irritants, osmotic agents, and chemo-
tactic agents. Currently hypertonic dextrose is the most com-
monly used [20]. To date, the application of prolotherapy for 
facet pain is not well studied.

5.7.4  Surgery

There is no definite surgical management for facet-mediated 
pain without spondylolisthesis. Spinal fusion immobilizes 
the disc space and same segment facet joint and may lead to 
decreased pain [9]. Current North American Spine Society 
Evidence-Based Clinical Guidelines for treatment of spinal 
pain in the setting of degenerative spondylolisthesis largely 
support operative treatment of patients’ refractory to conser-
vative measures. However, the optimal manner of operative 
treatment remains poorly established.
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Back Pain: Sacroiliac Joint Pain

S. Ali Mostoufi, Mo Hamouda, and Ariana Mostoufi

6.1  Synonyms

Sacroiliac pain
Sacroiliac dysfunction
Sacroiliac arthropathy
Sacroiliac joint disease
Sacroiliitis
Sacroiliac Sprain

6.2  ICD-10

• Disorders of Sacrum M53.1
• Sacroiliitis M46.1
• Sprain of sacroiliac joint S33.6xxA

6.3  Definition

Sacroiliac joint (SIJ) syndrome is defined as pain originating 
from the sacroiliac joint and its ligamentous support due to 
osteoarthritis, trauma, altered joint mobility, or inflammatory 
arthropathy. The SI joint is on the differential diagnosis of 
any low back and buttock pain presentation. The controlled 
diagnostic blocks utilizing the International Association for 

the Study of Pain (IASP) criteria demonstrated sacroiliac 
joint pain prevalence of 15–30% [8].

6.3.1  Anatomy [1, 17]

The sacroiliac joint is an articulation of the sacrum with the 
medial edges of both ilium. This boot-shaped joint is critical for 
effective load transfer between the spine and legs. The bony 
anatomy is variable in size, shape, and contour, and its shape 
changes from infancy to adulthood. The sacral auricular part is 
generally concave, and the iliac part is predominantly convex, 
with the highest coefficient of friction of any diarthrodial joint. 
It is a true diarthrodial joint, which consists of both fibrocarti-
lage and hyaline cartilage [2]. The sacral surface remains 
smooth until after puberty, when roughening occurs creating 
unevenness on the articular surface and thereby providing more 
stability with weight bearing. In late life, particularly in males, 
SI joint could fully ankylose. Mobility of this joint is controver-
sial but current research supports limited motion in the average 
range of 2° in all three planes of the SI joint [1]. Its motion is 
nonlinear as it occurs simultaneously in multiple planes [5].

Short and long dorsal sacroiliac ligaments complement 
the interosseous ligaments in stabilizing the joint. Ventrally, 
the anterior sacroiliac ligament stretches between the ventral 
surface of the sacral alar and that of the ilium. The inferior 
synovial portion of the joint is of most interest to pain inter-
ventionalists since it is a common access point for intra- 
articular procedures. The ventral SIJ capsule is relatively 
thin and frequently has defects. Fortin reported 61% of 76 
joints reviewed demonstrated leakage of injected contrast 
which may result in ineffective therapeutic injections [3]. 
Many researchers have published studies on the innervation 
of the SI joint but current research suggests that the innerva-
tion includes ventral rami of L4 and L5, superior gluteal 
nerve, and dorsal rami of L5-S2 [4].
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6.3.2  Etiology

Solonen was the first to propose that the SI joint has all the usual 
elements of an articulation, and should be considered as a source 
of subjective pain presentation with objective findings [1].

Pain can origin from both intra-articular and extra- 
articular causes. Extra-articular cause is often a ligamentous 
injury. Intra-articular causes include osteoarthritis, inflam-
matory arthritis (psoriasis, ankylosing spondylitis), and 
infection. It was found that one-third of psoriatic arthritis 
patients developed sacroiliitis after 5 years of illness and that 
half of patients developed sacroiliitis by 10 years [9].

Biomechanical factors including scoliosis with pelvic 
obliquity and leg length discrepancy, antalgic gait due to 
lower extremity joint disease, abnormal foot arches, preg-
nancy, previous pelvic fracture, poor body mechanics, lum-
bar immobilization with fusion, all could contribute to 
sacroiliac-mediated back pain. High-impact athletic endeav-
ors, with repetitive stress of the pelvic structures can lead to 
sacroiliac strain and associated pain. Differential diagnosis 
of sacroiliac pain is in Table 6.1.

6.3.3  Symptoms

Patients complain about regional pain around the sacrum and 
PSIS and into the mid to lower buttock, especially the top 
one-third of the gluteal region. Short or prolonged sitting and 
transition pain such as sit to stand motion or getting in and 
out of vehicles are common parts of the history. Symptomatic 
sacroiliac joint can present as lower back pain, sacral pain, 
and often with referral to the ipsilateral groin. Although it 
could present bilaterally, it is often unilateral. Pain originat-
ing from the SIJ can refer to the ipsilateral posterior leg but 
often does not extend beyond the posterior knee.

6.3.4  Physical Examination

Full musculoskeletal and neurological examination is indi-
cated to assist with diagnosis.

Inspection Examination includes looking for scoliosis, pel-
vic obliquity, exaggerated lumbar lordosis, muscle atrophy, 
and evidence of skin disease pointing to inflammatory 
arthropathies. Examiners should assess any biomechanical 

explanation for symptomatic sacroiliac joint including defor-
mity of foot arches and pronated feet.

Neurological examination In general, neurological exami-
nation should be unremarkable in this diagnosis.

Skeletal examination Manual muscle testing, sensory test-
ing as well as reflexes should be normal. Examiners should 
evaluate lumbar and lower extremity joint range of motion 
including the hips, and also assess for abnormal gait.

Lab test HLA-b27 should be ordered in suspected cases of 
Rh-negative spondyloarthropathy and sacroiliitis [19]. If infec-
tion is suspected, full blood panel and cultures are indicated.

Special Testing Current research suggests no single test is 
both specific and sensitive to detect sacroiliac joint as a pain 
generator. Cumulative effect of adding simultaneous testing 
will increase sensitivity and can lead to a more accurate 
diagnosis [17, 18]. FABER maneuver, Gaenslen test, femo-
ral thrust test, pelvic distraction, pelvic compression, and 
sacral thrust have been utilized to diagnose sacroiliac pain. 
A recent systematic review determined there was significant 
evidence to constitute a clinical diagnostic rule for SIJ pain 
based upon three of five positive tests [6]. Another study 
suggests combination of Patrick’s test and Gaenslen test 
may carry a 94% sensitivity based on recent study [7].

6.3.5  Diagnostic Workup

X-Ray Plain radiographs will identify pathology in the hip 
and changes in the sacroiliac joint.

The changes in ankylosing spondylitis are subchondral 
bony erosion, sclerosis, and fusion of the sacroiliac joints.

MRI MRI is useful in diagnosis of sacroiliitis, pelvic stress 
fractures, infection infiltration, but is not as helpful in degen-
erative causes of sacral pain.

CT Scan CT scans provide detailed anatomy of the bony 
architecture including erosion, fractures, periarticular 
bleeding.

Bone Scan If infection is suspected, blood work, PET scan, 
and bone scans are indicated.

Diagnostic Injections Diagnostic blocks identify the source 
of persistent pain related to adjacent level facet joints, sac-
roiliac joints, degenerative disc, annular disc tear, piriformis 
muscle, or nerve root impingements. Performing procedures 
on an operated back may pose technical challenges requiring 
the expertise of a skilled interventionalist.

Table 6.1 Differential Diagnosis of Sacroiliac pain

Differential Diagnosis of Sacroiliac pain
Myofascial pain Piriformis syndrome
Hip pathology S1 radiculopathy
Facet Joint Pain Sacral Insufficiency Fracture
Pelvic Floor dysfunction Cluneal neuropathy
Sciatic mononeuropathy Proximal Hamstring Tendinopathy
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Intra-articular anesthetic injection The validity of intra- 
articular injection as a single diagnostic test has been debated 
but in combination with physical exam maneuvers, it can 
lead to higher chance of correct diagnosis. Image guidance is 
necessary for accurate needle placement and along with con-
trast dye should confirm intra-articular spread (Fig. 6.1).

6.4  Treatment

6.4.1  Medical Management

Clinicians take different approaches to manage a symptom-
atic sacroiliac joint depending on its etiology which includes 
pregnancy, degeneration, scoliosis with pelvic obliquity, and 
traumatic or rheumatologic. In the acute phase, rest from 
pain-provoking activities (running, single-leg stance or 
jumps, or twisting activities) may be advised to help with 
quicker recovery.

Medications If the pain and dysfunction are related to sac-
roiliitis, primary attention emphasizes treating this rheuma-
tologic disorder with appropriate medications outlined in 
chapter “Rheumatological and Soft Tissue Disorders”. Often 
the first choice of treatment for pain is an NSAID such as a 
Cox-II inhibitor. Tylenol is recommended in patients with 

NSAIDS intolerance or pregnant women. In patients with 
associated myofascial pain or muscle spasms, muscle relax-
ants as needed can add value. For acute and disabling sacro-
iliac strain, a few days of short-acting opioids may be 
advisable but as a chronic treatment option, it carries typical 
opioid-related risks including dependency and abuse.

Modalities and bracing Thermodalities including ice or 
heat are often advised by physicians to help with temporary 
pain relief, lasting from few minutes to few hours after use. 
Patients should protect skin against burn, particularly in 
diabetics and those with peripheral vascular disease. Many 
patients try managing SI joint pain with a TENS unit, a 
treatment based on gate control theory of pain relief [10]. 
In patients experiencing muscle spasm, a muscle stimulator 
may provide additional benefits. For support and pain 
relief, sacroiliac brace can be prescribed, and its small pro-
file increases patient’s tolerance and compliance. In indi-
viduals developing sacroiliac pain due to scoliosis with 
pelvic obliquity and leg length discrepancy, corrective shoe 
lift (with arch support) should be considered.

Manipulation Chiropractic or osteopathic adjustments are 
often part of the treatment of back pain including those origi-
nating from SI joint and may be one of the few good options 
in pregnant females with symptomatic SI back pain during 
last trimester [11].

6.4.2  Rehabilitation

Improving function is an important step in managing sacro-
iliac pain. Exercise-based treatments are combined with 
patient education and ergonomic corrections to achieve func-
tional gains. In general, physical therapy treatments include 
a mix of manual treatments, improving range of motion, 
stretching exercises, strengthening exercises, gait training, 
and balance training. Often associated with SI joint pain, a 
degree of strength deficit in pelvic girdle muscles including 
gluteus medius can in turn affect hip movement, balance, and 
walking. Also included in strengthening protocol are lumbar 
paraspinals, hamstrings, and other muscles affecting the 
mobility of the sacroiliac joint [12]. Physical therapists may 
instruct the patient on stretches to lengthen muscles that 
attach to the ilium and sacrum directly and/or indirectly, 
especially those that limit hip internal rotation [16].

6.4.3  Procedure

Steroid Injections Injecting medication into the sacroiliac 
joint is often the first line of procedural treatment (Image 1). 
Intra-articular injection may be done as a diagnostic step 
(contrast and anesthetic only), or therapeutic (contrast, ste-

Fig. 6.1 SI joint injection with needle penetrating distal joint and con-
trast injection demonstrating a cephalad spread with an ideal medial 
(dorsal) and lateral (Ventral) flow pattern
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roid, and anesthetic). Standard of care is an X-ray-guided 
injection, but CT or US-guided sacroiliac injections are 
alternative options. US-guided treatment is safe (even during 
in pregnancy), low cost, and its portability allows for point of 
care access to treatment.

RF denervation Clinicians have attempted to study the 
exact innervation of the SI joint so that RF procedure can be 
attempted. L5 dorsal rami, S1 and S2 lateral branches have 
the most contribution to the SI joint. The L5 dorsal rami 
anatomy is consistent in both female and male but the S1 and 
S2 lateral branches have variable extraforaminal course, 
therefore it impacts the outcome of the RF procedure. Both 
thermal and pulsed RF for SI denervation have been tried. 
Some practitioners advocate for bipolar RF treatment and 
others advocate for cooled RF which creates larger lesions 
and may increase the success rate for S1 and S2 lateral 
branch treatment.

Orthobiologics There is a growing interest in utilizing ortho-
biologics in MSK medicine and this includes treating the sta-
bilizing ligaments across the SI joint as well as injecting the 
SI joint itself. To date, there are no large-scale double- blind 

studies in support of orthobiologics in SI-mediated pain but 
smaller studies suggest sustainable pain relief and perhaps 
superiority as compared to SI joint steroid injection [13, 14].

SI joint Percutaneous Fusion See below.

6.4.4  Surgery

• Open SI joint Fusion:

Open SI joint fusion has been performed since the 1920s 
but is no longer the preferred approach to SI joint fusion.

• Percutaneous SI joint Fusion:

Percutaneous sacroiliac fusion treatments whether through 
direct dorsal approach (Fig. 6.2) or lateral transiliac method are 
now available as a minimally invasive procedure performed in 
outpatient settings under conscious sedation and fluoroscopic 
guidance. Multiple minimally invasive SI fusion devices exist, 
details of which are beyond the scope of this chapter.

a b

Fig. 6.2 Percutaneous Sacroiliac fusion. (a) demonstrates implanta-
tion of the bony allograft (arrow) on a lateral view. (b) demonstrates 
contralateral oblique view of the SI joint, approximating posterior and 

anterior joint, and visualizing square-shaped allograft (thick arrow) 
within the SI joint. The thinner arrows are pointing to PSIS. (Image 
from authors cases)
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Overall, the quality of available evidence is mixed and in 
general consists of level 4 retrospective studies, level 2 pro-
spective studies, and only two level 1 prospective clinical 
trials [15]. In a level 1 study of triangular implants by month 
24, 82% received substantial clinical benefit in VAS SI joint 
pain score, and 66% had received substantial clinical benefit 
in ODI score [20]. This topic is covered in more detail in the 
chapter “Minimally Invasive Spine Procedure”.
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Back Pain: Vertebrogenic

Steven Falowski and Dawood Sayed

7.1  Synonyms

Vertebral Endplate Pain

7.2  ICD-10 Codes

• Nonspecific Low Back Pain codes currently in use: (2020)
• M47.816 Spondylosis w/o myelopathy or radiculopathy, 

lumbar region
• M47.817 Spondylosis w/o myelopathy or radiculopathy, 

lumbosacral region
• M51.36 Other intervertebral disc degeneration, lumbar
• M54.5 Low back pain

7.3  Description

Vertebrogenic pain is a condition in which damaged or 
degenerated vertebral endplates result in chronic axial lower 
back pain.

Anatomy The vertebral endplate (VEP) is a bilayer of carti-
lage and bone separating the intervertebral discs (IVD) and 
the adjacent vertebrae. Endplate subchondral bone is inner-
vated by the basivertebral nerve (BVN), a branch of the sinu-
vertebral nerve. The BVN fibers enter the vertebral bone 
marrow along with nutrient arteries through the posterior 
basivertebral foramen and become thinly or nonmyelinated 
after entering the bone marrow [1, 2]. Endplate damage has 
been shown to result in densification of the basivertebral 
nerves. In fact, vertebral endplate pathologies are more 

innervated than intervertebral disc pathologies, both in terms 
of the incidence and extent of innervation [1].

Biomechanically, the endplate is subjected to significant 
loads during activities of daily living as the trunk muscles 
contract to stabilize posture. The IVD nucleus becomes pres-
surized in response to these forces, and the endplate distrib-
utes these intradiscal pressures onto the adjacent vertebrae, 
preventing the pressurized disk nucleus from bulging into the 
underlying trabecular bone. At the same time, the endplate 
also serves as a primary pathway for nutrient transport 
between vertebral capillaries and cells within the disk 
nucleus. The endplate’s dual roles of nutritional support for 
the disc and structural support for the spine are at odds, mak-
ing it vulnerable to damage [2].

The vertebral endplates become further susceptible to 
damage as a normal part of physiological aging, with gradual 
endplate thinning and calcification, and from pathological 
degeneration due to high tensile strains associated with disc 
degeneration [3]. Once damaged, the VEP allows for bio-
logic communication, or “crosstalk”, between the bone mar-
row and proinflammatory disc material, leading to hydraulic, 
inflammatory, and fibrogenic coupling between the two com-
partments. The persistent autoinflammatory response that 
ensues, with up-regulation of inflammatory mediators, cre-
ates the predisposing condition for the development of bone 
marrow intensity changes (BMIC), or Modic Changes (MC), 
seen on magnetic resonance imaging (MRI) of patients with 
damaged and degenerated VEPs [4].

The presence of Modic type 1 or 2 changes (Fig. 7.1) is 
strongly associated with disabling chronic low back pain, 
making them an excellent biomarker for treatment [5–8]. 
Weishaupt et al. reported 100% specificity to discography in 
individuals with extensive Type 1 and Type 2 Modic changes 
[9] and Kuisma et al. found a 2.28 odds ratio for the presence 
of Modic changes at L5-S1 in individuals with chronic low 
back pain [10]. Modic changes are more prevalent and more 
severe at the lower lumbar levels (L4–S1) [2, 10, 11].
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7.4  Clinical Presentation

A thorough clinical history, musculoskeletal and neurologic 
examination are indicated in the evaluation of vertebrogenic 
pain to exclude alternate or coexisting sources of axial low 
back pain, including the presence of symptoms that might 
indicate more serious conditions such as malignancy, infec-
tion, or trauma.

Patients with vertebrogenic pain generally describe a 
midline, deep, aching, pain of progressive nature. It is less 
commonly associated with burning or electrical shock sensa-
tions. Although somatic referred pain can be present in some 
patients, there is no radicular expression, unless the patient 
has coexisting nerve root entrapment. The pain tends to be 
worse with forward flexion, sitting for prolonged periods, 
and general physical activity [10–15]. To provide additional 
insight on vertebrogenic pain symptomatology, Relievant 
Medsystems Inc (Minneapolis, MN) aggregated pain loca-
tion data from independent mapping of 410 clinical trial 
patient-completed pain body diagrams revealing 69% of 
patients had midline pain only; 86% of patients had midline 
pain, including paraspinal pain; and only 9.5% of patients 
had pain below the mid-gluteal line.

7.5  Physical Examination

If there is suspicion of other system involvement, the physi-
cal examination should be expanded.

Visual Inspection The clinical examination of patients with 
vertebrogenic lower back pain should include visual inspec-
tion of the thoraco-lumbar and lumbo-sacral spine with spe-
cial attention paid toward abnormal curvature, such as 

flat-back, exaggerated lumbar lordosis, or significant scolio-
sis. With episodes of acute pain, the patient may demonstrate 
spasmodic scoliosis.

Palpation Tenderness should be elicited, and specific areas 
of tenderness should be correlated with imaging findings. 
Muscular hypertonicity or spasm should also be noted. 
Palpation of the lumbosacral spine in vertebrogenic pain 
patients often reveals midline tenderness, although paraver-
tebral tenderness can occur. Pain over the sacral sulcus or 
posterior-superior iliac spine might indicate the presence of 
sacroiliac joint pain.

Gait The gait examination in patients with vertebrogenic 
pain is most often normal. An abnormal gait should be inves-
tigated, and the source determined.

Range of Motion Alleviating and exacerbating maneuvers 
often reveal increased pain on flexion (greater than with 
extension), and pain that is relieved by standing and walking. 
There might be limited range of motion in forward flexion.

Neurological Examination Absence of a coexisting radicu-
lar pain syndrome should be noted for Vertebrogenic pain 
and the neurological examination is typically normal.

7.6  Diagnostic Workup

X-Ray: Plain radiographs are often the initial imaging modal-
ity used in patients with LBP to identify degenerative and 
traumatic changes, including facet spondylosis, loss of disc 
height, vertebral body fractures, and spondylolysis. Plain 
radiographs are sensitive to evaluate curvature and alignment 

Fig. 7.1 Type 1 MC (left) with decreased signal intensity on 
T1-weighted images, and increased signal intensity on T2-weighted 
images. Type 2 MC (right) with increased signal intensity on 

T1-weighted images and T2-weighted images. (Adapted from Dudli 
et al. “Pathobiology of Modic Changes,” 2016)
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of the lumbar vertebrae (scoliosis and lordosis) and to detect 
spondylolisthesis. They can identify instability by means of 
flexion-extension views. They have less utility in identifying 
Modic changes or pathologic changes in the endplates.

Magnetic Resonance Imaging MRI is the gold standard 
imaging for patients with vertebrogenic pain. The diagnostic 
biomarker for vertebrogenic pain is Modic Changes, which 
are readily visible on T1- and T2-weighted MRI. To further 
delineate MRI features of vertebrogenic pain, 296 vertebro-
genic patients’ MRIs were evaluated by an independent physi-
cian for Modic bone marrow characteristics. Bone marrow 
Intensity Changes (BMIC) were most often located in the 
lumbosacral region (69% at L5/S1) and Modic I changes were 
twice as prevalent as Modic 2. BMICs were typically localized 
to the vertebral endplates (VEP) with 75% of endplates evalu-
ated having <25% of the vertebral body height involved and 
only 3% with BMIC that entailed more than 50% of the verte-
bral body height. In approximately 50% of the VEPs evalu-
ated, BMIC extended to more than 2/3 of the endplate surface 
area and 69% had VEP defects. Using the International Society 
for the Study of the Lumbar Spine (ISSLS) Spine Phenotype 
Workgroup nomenclature, 91% of VEP defects were irregular 
in shape. Pfirrmann grades were III in 23%, grade IV in 42%, 
and grade V in 33% of motion segments [16, 17].

Computer Tomography (CT) Although not sensitive for 
Modic changes, CT scans of the lumbosacral spine can detect 
vertebral endplate changes, disruption and fissuring of the 
endplate, and endplate defects that are associated with Modic 
changes. In patients who have a contraindication to MRI, CT 
scans are a useful surrogate when determining treatment.

Bone SPECT/CT The diagnosis of vertebrogenic pain is 
based on Modic 1 (MC1) or Modic 2 (MC2) on MRI. However, 
De Vivo et al. describe outcomes of basivertebral nerve abla-
tion (BVN) for vertebrogenic pain in patients with MC 1 or 
mixed MC 1 and MC 2 with additional positive bone SPECT/
CT scans [18]. The patients also underwent additional 
CT-guided medial branch injections to exclude facet joint- 
mediated pain. The patients had a high responder rate to 
treatment with BVN ablation, as well as a large improvement 
in pain (VAS). A high positive correlation between Modic 
changes on MRI and increased metabolic activity on Bone 
SPECT/CT imaging has previously been noted [19]. Modic 
type I changes were the best binary predictor for positivity 
on bone SPECT/CT, with a high metabolic activity in 96.1% 
of endplates in patients showing Modic type I changes on 
MRI, and 77.8% in cases of Modic type II changes. Given 
this high correlation between MRI and Bone SPECT/CT 
scans, and given the similar responder rates between com-
parative single arm studies using MC 1 or 2 alone versus the 
addition of Bone SPECT/CT scan, the incremental benefit of 

adding Bone SPECT/CT scanning has not been clearly 
established [20].

Provocation Discography (PD) Provocation discography is 
a test that attempts to correlate low back pain with disc 
degeneration in the diagnosis of discogenic pain (painful 
disc degeneration). The rationale behind PD is that disc pres-
surization with contrast results in stimulation of nociceptors 
in the posterior annulus in patients with discogenic pain. 
However, discography has also been demonstrated to result 
in deflection of the vertebral endplates during pressurization, 
potentially leading to stimulation of painful nociceptors in 
the endplate as well as the posterior annular [20]. Currently, 
there is no evidence that discography can differentiate verte-
brogenic pain from discogenic pain.

7.7  Treatment

To date, only basivertebral nerve ablation has demonstrated 
consistent clinical efficacy in the treatment of vertebrogenic 
low back pain [18, 20–31]. Two ablation techniques have 
been studied, intraosseous RF ablation [18, 20–27] and 
transforaminal epiduroscopic laser ablation [29–31]. 
However, only intraosseous RF ablation has been studied in 
Level I RCTs [22, 25]. Collectively, studies on interosseous 
RF ablation of the basivertebral nerve ablation demonstrate 
consistent, statistically significant, clinically meaningful, 
and durable improvements in pain and function, and an 
excellent safety profile.

The most widely used and studied technique (The 
Intracept Procedure®, Relievant Medsystems Inc) involves a 
unilateral transpedicular access to each vertebral body (L3- 
S1) with Modic Type 1 or 2 changes at the vertebral end-
plates (Fig. 7.2). A channel to the base of the basivertebral 
nerve ablation is then created using a curved cannula assem-
bly, and a bipolar RF probe is positioned across the BVN 
(Figs.  7.3 and 7.4). Ablation is performed using radiofre-
quency energy at 85 degrees Celsius for a specific amount of 
time (Figs. 7.2, 7.3, and 7.4).

Except for intraosseous basivertebral nerve ablation, there 
are very few clinical studies describing the outcomes of other 
surgical or nonsurgical treatments in patients with vertebro-
genic pain. The available studies on patients with MC types 
1 or 2 are too few and too heterogeneous to reach definitive 
conclusions, and no diagnostic or therapeutic treatment algo-
rithm has been established [32, 33].

One hypothesized mechanism for the development of 
Modic changes and low back pain is low-grade bacterial 
infection by Cutibacterium acnes (formerly known as 
Propionibacterium acnes). Using this hypothesis, several 
studies have examined the role of antibiotic treatment using 
amoxicillin with conflicting results. One randomized, 
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placebo- controlled trial by Albert et  al. reported a statisti-
cally significant between group difference of 8.3 points on 
the Roland-Morris Disability Questionnaire (RMDQ) at 
1-year follow-up in patients with chronic low back pain, 
prior disc herniation, and type 1 Modic changes treated for 

three months with amoxicillin [34]. However, a more recent 
randomized, placebo-controlled trial (the AIM Study) failed 
to show any clinically important benefits of three months of 
amoxicillin in patients with chronic low back pain and Modic 
changes using similar inclusion/exclusion criteria and simi-

Fig. 7.2 AP and lateral views of the introducer trocar as it traverses the pedicle, ending at the posterior wall of the vertebral body

Fig. 7.4 Final position of the RF probe, with the distal electrode just past the midline as observed on an AP image (left) and pointed toward the 
observer at the predetermined relative distance from the posterior wall (right)

Fig. 7.3 AP and lateral views of the creation of a curved path through the vertebral body using the curved cannula assembly. Start of curved tun-
neling (a), mid-way across (b), and final position just across the midline (c)

a b c
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lar trial design [35]. Further analysis of the AIM Study data 
demonstrated no evidence of cost-effectiveness in patients 
treated with amoxicillin with chronic LBP and Modic 
changes during 1-year follow-up [36].

References

 1. Fields AJ, Liebenberg EC, Lotz JC.  Innervation of pathologies 
in the lumbar vertebral end plate and intervertebral disc. Spine J. 
2014;14(3):513–21. https://doi.org/10.1016/j.spinee.2013.06.075.

 2. Lotz JC, Fields AJ, Liebenberg EC. The role of the vertebral end 
plate in low back pain. Global Spine J. 2013;03(3):153–64. https://
doi.org/10.1055/s- 0033- 1347298.

 3. Fields AJ, Lee GL, Keaveny TM. Mechanisms of initial endplate 
failure in the human vertebral body. J Biomech. 2010;43(16):3126–
31. https://doi.org/10.1016/j.jbiomech.2010.08.002.

 4. Dudli S, Fields AJ, Samartzis D, Karppinen J, Lotz JC. Pathobiology 
of Modic changes. Eur Spine J. 2016;25(11):3723–34. https://doi.
org/10.1007/s00586- 016- 4459- 7.

 5. Luoma K, Vehmas T, Kerttula L, Grönblad M, Rinne E. Chronic 
low back pain in relation to Modic changes, bony endplate lesions, 
and disc degeneration in a prospective MRI study. Eur Spine J. 
2016;25(9):2873–81. https://doi.org/10.1007/s00586- 016- 4715- x.

 6. Schistad EI, Espeland A, Rygh LJ, Røe C, Gjerstad J. The asso-
ciation between Modic changes and pain during 1-year fol-
low- up in patients with lumbar radicular pain. Skelet Radiol. 
2014;43(9):1271–9. https://doi.org/10.1007/s00256- 014- 1928- 0.

 7. Jensen RK, Leboeuf-Yde C. Is the presence of modic changes asso-
ciated with the outcomes of different treatments? A systematic criti-
cal review. BMC Musculoskelet Disord. 2011;12:183. https://doi.
org/10.1186/1471- 2474- 12- 183.

 8. Jensen OK, Nielsen CV, Sørensen JS, Stengaard-Pedersen 
K.  Type 1 Modic changes was a significant risk factor for 
1-year outcome in sick-listed low back pain patients: a nested 
cohort study using magnetic resonance imaging of the lumbar 
spine. Spine J. 2014;14(11):2568–81. https://doi.org/10.1016/j.
spinee.2014.02.018.

 9. Weishaupt D, Zanetti M, Hodler J, Min K, Fuchs B, Pfirrmann CW, 
et al. Painful lumbar disk derangement: relevance of endplate abnor-
malities at MR imaging. Radiology. 2001;218(2):420–7. https://
doi.org/10.1148/radiology.218.2.r01fe15420. PMID: 11161156.

 10. Kuisma M, Karppinen J, Niinimäki J, Ojala R, Haapea M, 
Heliövaara M, et  al. Modic changes in endplates of lumbar ver-
tebral bodies: prevalence and association with low back and 
sciatic pain among middle-aged male workers. Spine (Phila 
Pa 1976). 2007;32(10):1116–22. https://doi.org/10.1097/01.
brs.0000261561.12944.ff. PMID: 17471095.

 11. Järvinen J, Karppinen J, Niinimäki J, Haapea M, Grönblad M, 
Luoma K, et  al. Association between changes in lumbar Modic 
changes and low back symptoms over a two-year period. BMC 
Musculoskelet Disord. 2015;16:98. https://doi.org/10.1186/
s12891- 015- 0540- 3. PMID: 25897658; PMCID: PMC4413535.

 12. Kjaer P, Korsholm L, Bendix T, Sorensen JS, Leboeuf-Yde C. Modic 
changes and their associations with clinical findings. Eur Spine J. 
2006;15(9):1312–9. https://doi.org/10.1007/s00586- 006- 0185- x.

 13. Urits I, Noor N, Johal AS, Leider J, Brinkman J, Fackler N, et al. 
Basivertebral nerve ablation for the treatment of vertebrogenic 
pain. Pain Ther. 2021;10(1):39–53. https://doi.org/10.1007/s40122- 
020- 00211- 2. Epub 2020 Oct 31. PMID: 33128702; PMCID: 
PMC8119576.

 14. Francio TV, Sherwood D, Twoehy E, et al. Developments in mini-
mally invasive surgical options for vertebral pain: basivertebral 
nerve ablation - a narrative review. J Pain Res. 2021;14:1887–907.

 15. Nguyen KML, Nguyen DTD.  Minimally invasive treat-
ment for degenerative lumbar spine. Tech Vasc Interv Radiol. 
2020;23(4):100700. https://doi.org/10.1016/j.tvir.2020.100700.

 16. Zehra U, Bow C, Lotz JC, Williams FMK, Rajasekaran S, 
Karppinen J, et al. Structural vertebral endplate nomenclature and 
etiology: a study by the ISSLS Spinal Phenotype Focus Group. Eur 
Spine J. 2018;27(1):2–12. https://doi.org/10.1007/s00586- 017- 
5292- 3. Epub 2017 Sep 12. PMID: 28900744.

 17. McCormick Z, Boody B. Vertebrogenic pain characteristics from 
aggregated data of three clinical trials. Relievant Medsystems Inc. 
Unpublished.

 18. De Vivo AE, D’Agostino G, D’Anna G, Al Qatami H, Gil I, Ventura 
F, Manfrè L. Intra-osseous basivertebral nerve radiofrequency abla-
tion (BVA) for the treatment of vertebrogenic chronic low back 
pain. Neuroradiology. 2021;63(5):809–15. https://doi.org/10.1007/
s00234- 020- 02577- 8. Epub 2020 Oct 13. PMID: 33051706.

 19. Russo VM, Dhawan RT, Dharmarajah N, Baudracco I, Lazzarino 
AI, Casey AT.  Hybrid bone single photon emission computed 
tomography imaging in evaluation of chronic low Back pain: 
correlation with Modic changes and degenerative disc disease. 
World Neurosurg. 2017;104:816–23. https://doi.org/10.1016/j.
wneu.2017.03.107.

 20. Truumees E, Macadaeg K, Pena E, Arbuckle J 2nd, Gentile J 2nd, 
Funk R, et al. A prospective, open-label, single-arm, multi-center 
study of intraosseous basivertebral nerve ablation for the treat-
ment of chronic low back pain. Eur Spine J. 2019;28(7):1594–602. 
https://doi.org/10.1007/s00586- 019- 05995- 2. Epub 2019 May 21. 
PMID: 31115683.

 21. Becker S, Hadjipavlou A, Heggeness MH. Ablation of the basiver-
tebral nerve for treatment of back pain: a clinical study. Spine J. 
2017;17:218–23.

 22. Fischgrund JS, Rhyne A, Franke J, Sasso R, Kitchel S, Bae H, 
et  al. Intraosseous basivertebral nerve ablation for the treatment 
of chronic low back pain: a prospective randomized double-blind 
sham-controlled multi-center study. Eur Spine J. 2018;27(5):1146–
56. https://doi.org/10.1007/s00586- 018- 5496- 1.

 23. Fischgrund JS, Rhyne A, Macadaeg K, Moore G, Kamrava E, Yeung 
C, et al. Long-term outcomes following intraosseous basivertebral 
nerve ablation for the treatment of chronic low back pain: 5 year 
treatment arm results from a prospective randomized double-blind 
sham-controlled multi-center study. Eur Spine J. 2020;29(8):1925–
34. https://doi.org/10.1007/s00586- 020- 06448- x.

 24. Fischgrund JS, Rhyne A, Franke J, Sasso R, Kitchel S, Bae H, 
et al. Intraosseous basivertebral nerve ablation for the treatment of 
chronic low back pain: two-year results from a prospective random-
ized double-blind sham- controlled multi-center study. Int J Spine 
Surg. 2019:13(2).

 25. Khalil J, Smuck M, Koreckij T, Keel J, Beall D, Goodman B, et al. 
A prospective, randomized, multi-center study of intraosseous basi-
vertebral nerve ablation for the treatment of chronic low Back pain. 
Spine J. 2019; https://doi.org/10.1016/j.spinee.2019.05.598. pii: 
S1529-9430(19)30800-9.

 26. Smuck M, Khalil JG, Barrett K, Hirsch JA, Kreiner S, Koreckij T, 
et al. A prospective, randomized, multi-center study of intraosse-
ous basivertebral nerve ablation for the treatment of chronic low 
back pain: 12-month results. Society of Interventional Spine Online 
Annual Meeting. Sep 2020.

 27. Macadaeg K, Truumees E, Boody B, Pena E, Arbuckle A, 
Gentile J, et  al. A prospective, open-label, single-arm, multi-
center study of intraosseous basivertebral nerve ablation for the 
treatment of chronic low back pain: 12-month results. NASSJ. 
2020;3(100030) E-pub 18 Sept 2020. https://doi.org/10.1016/j.
xnsj.2020.100030.

 28. Markman J, Rhyne A, Sasso R, Patel A, Hsu W, Fischgrund J, et al. 
Association between opioid use and patient-reported outcomes in 

7 Back Pain: Vertebrogenic

https://doi.org/10.1016/j.spinee.2013.06.075
https://doi.org/10.1055/s-0033-1347298
https://doi.org/10.1055/s-0033-1347298
https://doi.org/10.1016/j.jbiomech.2010.08.002
https://doi.org/10.1007/s00586-016-4459-7
https://doi.org/10.1007/s00586-016-4459-7
https://doi.org/10.1007/s00586-016-4715-x
https://doi.org/10.1007/s00256-014-1928-0
https://doi.org/10.1186/1471-2474-12-183
https://doi.org/10.1186/1471-2474-12-183
https://doi.org/10.1016/j.spinee.2014.02.018
https://doi.org/10.1016/j.spinee.2014.02.018
https://doi.org/10.1148/radiology.218.2.r01fe15420
https://doi.org/10.1148/radiology.218.2.r01fe15420
https://doi.org/10.1097/01.brs.0000261561.12944.ff
https://doi.org/10.1097/01.brs.0000261561.12944.ff
https://doi.org/10.1186/s12891-015-0540-3
https://doi.org/10.1186/s12891-015-0540-3
https://doi.org/10.1007/s00586-006-0185-x
https://doi.org/10.1007/s40122-020-00211-2
https://doi.org/10.1007/s40122-020-00211-2
https://doi.org/10.1016/j.tvir.2020.100700
https://doi.org/10.1007/s00586-017-5292-3
https://doi.org/10.1007/s00586-017-5292-3
https://doi.org/10.1007/s00234-020-02577-8
https://doi.org/10.1007/s00234-020-02577-8
https://doi.org/10.1016/j.wneu.2017.03.107
https://doi.org/10.1016/j.wneu.2017.03.107
https://doi.org/10.1007/s00586-019-05995-2
https://doi.org/10.1007/s00586-018-5496-1
https://doi.org/10.1007/s00586-020-06448-x
https://doi.org/10.1016/j.spinee.2019.05.598
https://doi.org/10.1016/j.xnsj.2020.100030
https://doi.org/10.1016/j.xnsj.2020.100030


50

a randomized trial evaluating basivertebral nerve ablation for the 
relief of chronic low back pain. Neurosurgery. 2019;0:1–5.

 29. Kim HS, Adsul N, Yudoyono F, Paudel B, Kim KJ, Choi SH, et al. 
Transforaminal epiduroscopic basivertebral nerve laser ablation 
for chronic low Back pain associated with Modic changes: a pre-
liminary open-label study. Pain Res Manag. 2018;2018:6857983. 
https://doi.org/10.1155/2018/6857983. PMID: 30186540; PMCID: 
PMC6112211.

 30. Kim HS, Wu PH, Jang IT.  Lumbar degenerative disease part 1: 
anatomy and pathophysiology of intervertebral discogenic pain 
and radiofrequency ablation of basivertebral and sinuvertebral 
nerve treatment for chronic discogenic back pain: a prospective 
case series and review of literature. Int J Mol Sci. 2020;21(4):1483. 
https://doi.org/10.3390/ijms21041483. PMID: 32098249; PMCID: 
PMC7073116.

 31. Kim HS, Kashlan ON, Singh R, Adsul NM, Yong Z, Oh SW, et al. 
Percutaneous transforaminal endoscopic radiofrequency ablation 
of the sinuvertebral nerve in an olympian with a left L5 pedicle/
pars interarticularis fracture-associated left L5-S1 disk desiccation. 
World Neurosurg X. 2019;3:100032. https://doi.org/10.1016/j.
wnsx.2019.100032. PMID: 31225524; PMCID: PMC6584597.

 32. Viswanathan VK, Shetty AP, Rajasekaran S.  Modic changes  – 
an evidence-based, narrative review on its patho-physiology, 
clinical significance and role in chronic low back pain. J Clin 
Orthop Trauma. 2020;11(5):761–9. https://doi.org/10.1016/j.
jcot.2020.06.025. Epub 2020 Jun 18. Erratum in: J Clin Orthop 
Trauma. 2020;11(6):1169–1171. Erratum in: J Clin Orthop 

Trauma. 2020;11(6):1178. Erratum in: J Clin Orthop Trauma. 
2020;11(6):1172–1174. PMID: 32879563; PMCID: PMC7452231.

 33. Jensen RK, Leboeuf-Yde C.  Is the presence of modic changes 
associated with the outcomes of different treatments? A systematic 
critical review. BMC Musculoskelet Disord. 2011;12:183. https://
doi.org/10.1186/1471- 2474- 12- 183. PMID: 21831312; PMCID: 
PMC3162945.

 34. Albert HB, Sorensen JS, Christensen BS, Manniche C. Antibiotic 
treatment in patients with chronic low back pain and vertebral bone 
edema (Modic type 1 changes): a double-blind randomized clinical 
controlled trial of efficacy. Eur Spine J. 2013;22:697–707. https://
doi.org/10.1007/s00586- 013- 2675- y. PMID: 23404353.

 35. Bråten LCH, Rolfsen MP, Espeland A, Wigemyr M, Aßmus J, 
Froholdt A, et al; AIM Study Group. Efficacy of antibiotic treat-
ment in patients with chronic low back pain and Modic changes 
(the AIM study): double blind, randomised, placebo-controlled, 
multicentre trial. BMJ. 2019;367:l5654. https://doi.org/10.1136/
bmj.l5654. Erratum in: BMJ. 2020;368:m546. PMID: 31619437; 
PMCID: PMC6812614.

 36. Grotle M, Bråten LC, Brox JI, Espeland A, Zolic-Karlsson Z, 
Munk Killingmo R, et  al; AIM-Study Group. Cost-utility analy-
sis of antibiotic treatment in patients with chronic low back pain 
and Modic changes: results from a randomised, placebo-controlled 
trial in Norway (the AIM study). BMJ Open. 2020;10(6):e035461. 
https://doi.org/10.1136/bmjopen- 2019- 035461. PMID: 32546490; 
PMCID: PMC7299049.

S. Falowski and D. Sayed

https://doi.org/10.1155/2018/6857983
https://doi.org/10.3390/ijms21041483
https://doi.org/10.1016/j.wnsx.2019.100032
https://doi.org/10.1016/j.wnsx.2019.100032
https://doi.org/10.1016/j.jcot.2020.06.025
https://doi.org/10.1016/j.jcot.2020.06.025
https://doi.org/10.1186/1471-2474-12-183
https://doi.org/10.1186/1471-2474-12-183
https://doi.org/10.1007/s00586-013-2675-y
https://doi.org/10.1007/s00586-013-2675-y
https://doi.org/10.1136/bmj.l5654
https://doi.org/10.1136/bmj.l5654
https://doi.org/10.1136/bmjopen-2019-035461


51© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
S. A. Mostoufi et al. (eds.), Clinical Guide to Musculoskeletal Medicine, https://doi.org/10.1007/978-3-030-92042-5_8

Neck Pain: Whiplash and Cervicogenic 
Headache

Sagar S. Parikh, Tomas Salazar, and Roy Taborda

8.1  Synonyms

C2 neuralgia, cervical facet syndrome, whiplash-associated 
syndrome.

8.2  ICD-10 Codes

• G44.89—cervicogenic headache
• M47.812—cervical spondylosis without radiculopathy
• S13.4—whiplash injury

8.3  Description

Anatomy The cervical spine consists of C1 to C7 vertebrae, 
separated by intervertebral disks between C2 and T1, and 8 
pairs of spinal nerves existing intervertebral foramina. Joints 
in the c-spine consist of occiput to C1 and C1–C2 articula-
tions, and six pairs of di-arthrodial facet joints. The specific 
orientation of these joints allows for flexion, extension, and 
lateral tilt of the cervical spine. Spinal nerves exit each cervi-
cal level via left and right lateral foraminal openings. Medial 
branches originate from the dorsal rami of each exiting cervi-
cal spinal nerve, innervating the facet joint capsules (Fig. 8.1).

There are three nerves from the C2 and C3 spinal nerves, 
which supply the posterior scalp of the head up to the 
vertex.

 1. The greater occipital nerve (GON) arises from the medial 
division of the dorsal ramus of C2 spinal nerve and moves 
across the inferior capitis oblique and semispinalis capitis 
[1]. In the course of the GON, it pierces the semispinalis 
capitis and may even penetrate the trapezius and inferior 
oblique, which may predispose the nerve to entrapments 
and irritations. The GON supplies the scalp up to the ver-
tex and ear (Fig. 8.2).

 2. The lesser occipital nerve (LON) originates from the ven-
tral rami of C2 and C3 spinal nerves and has three 
branches, namely the auricular, mastoid, and occipital 
branches. It travels along the posterior border of the ster-
nocleidomastoid muscle. After penetrating the cervical 
fascia, it then moves superior to the occiput where it com-
municates with the GON. It primarily supplies the lateral 
and superior aspects of the head behind the ears.
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 3. The third occipital nerve (TON) is a superficial branch of 
the dorsal ramus of the C3 spinal nerve. It courses to the 
dorsolateral C2–C3 facet joint where it may branch with 
the contralateral TON [1]. It may pierce the splenius capi-
tis, trapezius, and semispinalis capitis to communicate 
with the GON. It primarily innervates the skin below the 
superior nuchal line.

Clinical criteria of cervicogenic headache include unilat-
eral proximal neck, occiput, and frontal headache without 
crossing midline to the contralateral side [2]. In case of 
whiplash injury, pain presentation may be more diffuse and 
bilateral. The differential diagnosis for CGH is outlined in 
Table 8.1. For the purposes of this chapter, we will be focus-
ing on cervicogenic headache as it pertains to cervical facet 
disease and whiplash injury.

Cervicogenic headache (CGH) is a term encompassing 
headache syndromes originating from the anatomic upper 
cervical spine and its exiting nerve structures detailed below. 

When discussing cervicogenic headache, we are mainly ref-
erencing structures within the upper cervical spine including 
facets, soft tissue structures, and exiting spinal nerves and its 
branches. Cervicogenic headaches typically arise from irrita-
tion of cervical structures innervated by spinal nerves C1, 
C2, and C3 and its relay of pain signals centrally to the tri-
geminocervical nucleus (the nociceptive nucleus of the head 
and neck) that is thought to be the reason for referred pain 
sensations to the occiput and eyes [3, 4].

Cervical spondylosis, in particular proximal facets (C2–
C4), contributes to cervicogenic headache. These arthritic 
changes are frequently due to progressive and degenerative 
wear and tear or breakdown of the facet joints [5]. This degen-
eration can occur through the normal aging process or be a 
consequence of a traumatic event such as whiplash injury 
(acceleration–deceleration injury) [6]. Cervical spondylosis 
or facet disease is the most common progressive aging pro-
cess in the neck and usually begins after the age of 40 [7]. 
Close to 50% of patients, over the age of 50 will show some 
degree of cervical degenerative changes radiographically [7]. 
Changes in cervical range of motion and radiographic find-
ings may pre-date the onset of persistent pain. Spondylosis 
relating to trauma will present with pain more profoundly.

Whiplash-associated disorder (WAD) describes injuries 
due to a sudden acceleration–deceleration movements [8]. 
It is considered a common outcome after “non-cata-
strophic” motor vehicle accidents where the patient’s head 
and neck and thrusted forward and backward (into flexion 
and extension) suddenly and violently causing bony or soft 
tissue injury. Symptomatic cases of whiplash have a global 
incidence of between 16 and 200 per 100,000 individuals 
[9]. Prevalence of traumatic cervical facet disease after 
whiplash injury has been estimated at between 54% and 
60% making it a significant contributor in the post-trau-
matic pain setting [10] where there can be a component of 
headache pain originating from mild brain trauma or dam-
age to cervical facet structure. Other symptoms of whip-
lash-associated disorder apart from general biomechanical 
neck strain and headache include decreased pain thresh-
olds and central hypersensitivity [11]. When comparing 
pain thresholds in chronic age- related neck pain and whip-
lash, patients with WAD demonstrated more widespread 
painful hypersensitivity to mechanical and thermal stimuli 
diffusely [12]. There has also been evidence of altered or 
lost motor recruitment patterns in the neck musculature, 
altered eye movements control, proprioceptive challenges, 
and in some cases muscle weakness, especially in the cer-
vical paraspinal, trapezius, and adjacent neck musculature 
[11]. Traumatic WAD can also lead to irritation of the 
occipital nerves causing a neuralgia and lancination pain, 

Greater
occipital nerve

Lesser
occipital nerve

Third
occipital nerveC2

C3

C4

Fig. 8.2 Anatomy of greater, lesser, and third occipital nerve. (Author’s 
illustration)

Table 8.1 Differential diagnosis of cervicogenic headache

Vascular Giant cell arteritis and aberrant vasculature causing 
irritation

Neurogenic C2 radiculopathy, C2 myelitis, multiple sclerosis, 
schwannomas, occipital neuralgia, migraine headache, 
other headache disorders, and whiplash-related injury

Osteogenic C1–C2 arthrosis, osteolytic lesion, subluxation of 
atlantoaxial joint, and rheumatoid arthritis

Other Myofascial pain syndrome and Arnold Chiari 
malformation
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which is also a source of headache and in the differential 
diagnosis [13].

8.4  Clinical Presentation

8.4.1  Cervicogenic Headache Presentation

Patients present with chronic neck pain with occiput and 
frontal headache and at times shoulders (Fig. 8.3). The pain 
can be improved with rest and worsened with movement of 
the neck especially in extension rotation and lateral flexion.

8.4.1.1  Diagnostic Criteria
The International Headache Society established diagnostic 
criteria for both occipital neuralgia and cervicogenic head-
aches. These guidelines were last updated in 2018 and are 
used to guide the diagnostic workup [13].

 1. Imaging or clinical evidence of cervical spine or neck soft 
tissue disease known to cause a headache.

 2. The headache must also fulfill at least two of the 
following:

 (a) Commencement of headaches with a temporal rela-
tionship to the beginning of the cervical spine or neck 
disease.

 (b) The headache improves/resolves if the cervical disor-
der improves or is treated.

 (c) Reduced cervical range of motion and worsened 
headache with provocative maneuvers.

 (d) Diagnostic block of the cervical structure leads to 
improvement in the headache.

 3. Headache is not better explained by another diagno-
sis [13].

8.4.2  Whiplash-Associated Injury 
Presentation

Whiplash-associated injury classically presents after a motor 
vehicle accident during which there is sudden neck extension 
and flexion. Typically, the collision involves the patient being 
rear-ended, but other mechanisms of sudden movement can 
also occur. Neck pain or headache is the usual presenting 
symptom after the accident as well as decreased neck range 
of motion and guarding; symptoms can occur immediately 
or several days later but must present within 7  days [13]. 
Patients can also complain of shoulder pain, changes in mus-
cle strength, vision changes, alterations in memory and con-
centration, dizziness, tinnitus, numbness, and hypersensitivity 
[6]. A classification system for WAD has been devised by the 
Quebec task force as follows: [8]

Fig. 8.3 Cervical facet pain 
referral pattern. (Author’s 
illustration)
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• Grade 0: No complaints of neck pain. No physical signs
• Grade I: Neck complaint of pain, stiffness, or tenderness 

only. No physical signs
• Grade II: Neck complaint AND musculoskeletal sign. 

Musculoskeletal signs include decreased range of motion 
and point tenderness.

• Grade III: Neck complaint AND neurological signs. 
Neurological signs include decreased range of motion 
and point tenderness

• Grade IV: Neck complaint AND fracture or dislocation

8.5  Physical Examination

A full MSK, spine, and neurologic examination should be 
concocted.

Inspection The patient’s head, shoulder, and neck position-
ing should be noted as posture can be a source of pain. Loss 
of normal lordosis of the cervical spine, neck guarding, and 
stiffness can be assessed on presentation.

Palpation In addition to palpating the cervical facets, 
tenderness with cervical paraspinal palpation has been 
found to be a strong indicator of facet-mediated pain [14]. 
The examiner should thus palpate the spinous processes, 
paraspinals muscles, and facet joints carefully. Palpation 
of the neck musculature can also trigger cervicogenic 
headaches in the setting of myofascial pain, so trigger 
points should also be identified [13]. Palpation may detect 
tenderness along the course of the GON in occipital neu-
ralgia [15].

Range of motion Neck pain and headache may be trig-
gered by neck extension, rotation, and lateral flexion. 
Limitation in ROM may be noted due to DJD, pain, and 
muscle tighness [14]

Sensory and Reflex testing Reflexes and sensory tests are 
normal in this diagnosis. Patient with dysesthesia or allo-
dynia or positive Tinel’s sign of greater occipital nerve may 
have occipital neuralgia [13].

Motor testing Strength testing in the extremities should be 
full, but pain can alter these findings.

8.6  Diagnostic Workup

X-ray It may help reveal an osseous and hypertrophic 
pathology. Findings are not definitive, though, as many 
patients with CGH have asymptomatic cervical spine 
pathology.

CT scan As compared to x-rays, CT scan provides a better 
definition of bony changes of the facet joints, vertebrae, C1/2 
articulation, and any bleeding and dislocation and may be 
indicated in traumatic cases.

MRI Magnetic resonance helps visualize cervical facets 
and identify other causes of neck pain such as discogenic 
changes, stenotic central canal, cord myelomalacia, demye-
linating disease, and bony infiltration.

Diagnostic blocks Diagnostic medial branch block is spe-
cific to facet-generated spinal pain and can be utilized in cer-
vicogenic headache. Fluoroscopic-guided C2 and C3 medial 
branch + TON block is the most common diagnostic test for 
cervicogenic headache from C2/3 facet. Greater occipital 
nerve block can differentiate between occipital neuralgia 
versus other etiologies of headache. Soft tissue muscle pain 
may improve with trigger point injections. C3 radiculopathy 
can be differentiated by means of a selective C3 nerve root 
block (low-volume anesthetic).

8.7  Treatment

8.7.1  Medical Management

Cervical spondylosis There is a paucity of studies evaluat-
ing the true efficacy of medication management on long- 
term cervicogenic headaches relief [16]. Non-steroidal 
anti-inflammatory drugs (NSAIDs), oral steroids, and mus-
cle relaxants can be used initially for their anti-inflammatory, 
muscle relaxation, and pain relief. Additionally for headache 
management, a trial of antidepressants (such as amitripty-
line, Cymbalta) and anticonvulsants (such as gabapentin or 
pregabalin) for their membrane-stabilizing effect can be con-
sidered. A double-blind randomized control trial of pregaba-
lin in the setting of CGH caused by C2 nerve irritation did 
show a statistically significant decrease in the number of 
headache days per month, along with long-term improve-
ments in headache intensity, sleep, and levels of anxiety and 
depression [17]. Chronic opioid usage generally does not 
have a significant role in CGH management [18].

Whiplash-associated disorder Initially, the pharmacologi-
cal focus of WAD will be to decrease pain. Though one can 
treat WAD similarly to cervical spondylosis in the acute set-
ting for pain relief, the evidence for NSAIDs or muscle 
relaxants in the acute or chronic setting is scarce [19]. In the 
acute setting, the use of high-dose steroids is correlated with 
fewer sick days, fewer disabling symptoms, and overall 
decrease in pain intensity [20]. Benzodiazepines and opioids 
are generally discouraged in chronic WAD patients. Though 
antidepressants and anticonvulsants have a role in treating 
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neuropathic pain conditions, there is a lack of good evidence 
for its role in WAD treatment [19].

8.7.2  Rehabilitation

Cervical trauma, whiplash, or C2–C3 facet arthritis may 
result in ensuing inflammation with sensitization of C-fibers 
and lower pain threshold, thus increasing symptom severity 
[21]. For this reason, early rehabilitation is important to 
improve function and help with pain relief [22]. A systematic 
review and meta-analysis of physical therapy in headaches 
did demonstrate a statistically significant reduction in inten-
sity, frequency, and duration of cervicogenic headaches [23]. 
A study comparing early mobilization and range of motion 
exercise to rest and immobilization in whiplash population 
demonstrated that early intervention (within 96 hours after 
injury) and mobility significantly reduced pain intensity, sick 
leave, and almost complete resolution of pre-injury cervical 
range of motion [22]. Specific attention is placed on neck 
and scapular strengthening and range of motion as well as 

dynamic and static neck stabilizing exercises [8]. Some theo-
rize that establishment of a foundation of self-efficacy in the 
patient with early intervention improves recovery. Self- 
efficacy and confidence in movement patterns is a highly 
predictive factor in the persistence of disability in the WAD 
population [24]. The benefit of mobilization and range of 
motion exercises are less robust in the chronic WAD popula-
tion. Acute WAD is treated with neck stabilization exercises 
including chin tucks, side-to-side rotation, side bending, and 
isometric exercises (Fig. 8.4). In the setting of chronic WAD, 
a good deal of attention must be placed on muscle tension 
relaxation (i.e., massage, myofascial release) before neck 
stabilization exercises are initiated.

Based on American Physical Therapy Association (APTA) 
evidence-based practice guidelines for patients with muscu-
loskeletal impairments, in facetogenic pain, a multimodal 
approach care including spinal manipulation /mobilization, 
neuromuscular exercise (coordination, proprioception, and 
postural training), stretching, strengthening, and cognitive- 
affective elements should be provided. Physical therapists 
may include dry needling, laser treatment for photobiomodu-

Chin-tucks
- Sit in a chair with straight posture, looking forward
 - Move your head backward so your chin is tucked
down
 - Hold for a count of 5 and release
 - Repeat it 10 times

Side bending
- Sit in a chair with correct posture looking forward
 - Lower your left car toward your left shoulder
  (can use your hand to pull head gently)
 - Hold for 10 seconds
 - Repeat the same on the right side
 - Repeat the stretch 5 times

Isometric exercises
 - Place your palm of hand against the temple or
forehead
 - Push your head against your palm without
bending your neck. Give resistance
 - Hold for a count of 5
 - Repeat 10 times

Side-to-side rotations
 - Sit in a chair with correct posture looking forward
 - Rotate your chin towards one side
   (can use your hand to push your chin gently)
 - Hold for a count of 10
 - Rotate your chin towards the other side
 - Repeat this motion 5 times on each side

Fig. 8.4 Physical therapy 
exercises for neck pain and 
headache in patients without 
instability
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lation, or intermittent mechanical/manual traction as part of 
treatment. A randomized control trial found that both manip-
ulative therapy (low and high velocity) and low-load exercise 
designed to improve muscle control in the cervical–scapular 
area reduced headache frequency and intensity. High- 
velocity manipulation of the cervical spine comes along with 
significant vascular risks including arterial dissection, and 
caution must be taken [25]. Patient education and ergonomic 
consideration are important in preventing chronicity of spi-
nal axial pain [26].

8.7.3  Procedures

8.7.3.1  Cervical Medial Branch Radiofrequency 
Ablation (RFA)

Targeting the C2 and C3 medial branches and TON can be 
effective in blocking the afferent pain signal from C2–C3 
and C3–C4 facet joints. Before committing to RFA, these 
nerves are anesthetized, and if there is at least 70–80% neck 
pain and headache relief, RF can be recommended [27]. 
Thermal RFA provides an average of 6–12 months of pain 
relief and has self-limiting potential complications including 
dysesthesia and prolonged cutaneous anesthesia in a specific 
sensory distribution [1].

8.7.3.2  Occipital Nerve Blocks
Greater occipital nerve (GON) blocks may be an effective 
strategy in differentiating occipital neuralgia from facet- 
mediated headaches. Using anesthetic, only (diagnostic) or a 
mixture of local anesthetic and corticosteroid, with 70% or 
more reduction in pain, is a desirable outcome [28]. 
Ultrasound guidance increases accuracy and avoids injury to 
adjacent vasculature. GON neuromodulation (based on gate 
theory of pain) may be an effective modality of care, once 
diagnosis of refractory occipital neuralgia is confirmed by 
diagnostic block and less invasive treatments have been 
exhausted [29].

8.7.3.3  Trigger Point Injection and Botulinum 
Toxin

In cervicogenic headaches (CH), trigger point injection 
and botulinum toxin may provide significant relief by tar-
geting specific muscles (i.e., semispinalis, splenius capi-
tis, trapezius) that may entrap the nerves. In a 
placebo-controlled trial, a significant difference was 
found among the group treated with botulinum neurotoxin 
type A when compared to the saline-treated placebo group 
at 6- and 12  weeks post- treatment. Given the relatively 
acceptable safety profile, botulinum toxin is a viable 
option to help reduce frequency and the number of painful 
days [30].

8.7.3.4  Regenerative Medicine/Biologics
Multiple guidelines exist from the Food and Drug 
Administration, potentially limiting the use of stem cells (bone 
marrow or fat origin) in MSK conditions. There is an increased 
affinity for the application of PRP for arthritic joint pain. Intra-
articular zygapophyseal joint injection could be the target of 
PRP treatment. At the time of this publication, the body of evi-
dence to support regenerative medicine in the spine is limited.

8.7.4  Surgery

Surgery is not commonly recommended for cervicogenic 
headaches. In rare cases of headache related to occipital 
nerve compression by adjacent vascular structure, decom-
pression may be considered. In rare cases of intractable cer-
vicogenic headaches, proximal cervical fusion may be 
considered, but risk versus benefits should be carefully eval-
uated due to the invasive nature of this treatment.
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Spinal Stenosis

Augustine Lee, Derek Miles, and David J. Kennedy

9.1  Synonyms

Neurogenic claudication; spondylosis, spondylitis, myelopa-
thy, central canal stenosis, lumbar canal stenosis

9.2  ICD-10

• M48.01-04 Spinal stenosis cervical region.
• M48.04 Spinal stenosis thoracic region.
• M48.05 Spinal stenosis thoracolumbar region.
• M48.061 Spinal stenosis lumbar region without neuro-

genic claudication.
• M48.062 Spinal stenosis lumbar region with neurogenic 

claudication.

9.3  Description

Spinal stenosis is a condition of reduced spinal canal space 
and resultant compression of its neural and vascular ele-
ments, secondary to acquired or hereditary changes in the 
spinal canal [1]. When symptomatic, spinal stenosis com-
monly manifests as insidious-onset pain, sensory, or motor 
dysfunction in a pattern consistent with the corresponding 
spinal nerves affected, and is biomechanically exacerbated 
by activities that further reduce space in the spinal canal. In 

addition, the clinical presentation of this condition can be 
further influenced by the timing of disease duration, extent of 
stenosis, disease progression, presence of multisegmental 
involvement, complications in pain perception and pain pro-
cessing, and associated physical or psychological comorbid-
ities. Hence, spinal stenosis can clinically present on a 
spectrum of variable signs and symptoms, ranging from 
asymptomatic to severe cervical or thoracic myelopathy or 
cauda equina syndrome [1, 2].

Spinal stenosis is most commonly found in the lumbar 
vertebral region of the spine (fourfold higher than cervical 
stenosis) and will therefore be the focus of this chapter [3]. 
Cervical and thoracic stenosis differs from lumbar stenosis 
in the potential for progression to myelopathy, the latter of 
which would warrant urgent surgical evaluation. Thoracic 
stenosis is less common than its cervical or lumbar counter-
parts, and can be challenging to diagnose as its associated 
myotomal distribution is relatively limited.

Etiologies of spinal stenosis have been commonly classi-
fied as hereditary vs acquired. Acquired spinal stenosis is the 
most common and can be further classified as one or a com-
bination of degenerative, traumatic, or deformity. Further 
anatomic classification of spinal stenosis specifies areas of 
focal narrowing, including the central canal, lateral recess, or 
exiting neuroforamina [2]. Congenital spinal stenosis is rare 
and results from abnormal development of spinal canal bone 
structure, including congenitally short pedicles and laterally 
directed laminae [4, 5]. These abnormalities result in a 
reduced anterior–posterior spinal canal diameter. Symptoms 
are suspected to manifest at a younger age than degenerative 
stenosis, classically presenting as young athletes with tem-
porary neurological deficits following physical contact that 
subsequently resolves. Data on prevalence estimates are 
sparse, but suspected to affect far less than 25% of the patient 
population with spinal stenosis. Symptomatic presentation 
of congenital stenosis is similar to that of acquired spinal 
stenosis, but anatomically has been more frequently observed 
to be multisegmental [5].
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Degenerative spinal stenosis (Fig.  9.1) is prevalent and 
tends to increase with age. Radiographically degenerative 
spinal stenosis is present in up to 80% of patients over the 
age of 70 and, in some estimates, up to 77% of adults over 
the age of 40 [5]. The high prevalence of degenerative spinal 
stenosis is also costly as it is the most common indication for 
surgery among patients older than 65 years of age [6]. The 
estimated total Medicare costs for spinal stenosis in 2007 
were 1.65 billion dollars, primarily as a result of surgery [2]. 
Other risk factors associated with the development of 
 stenosis include male gender, obesity, tobacco use, and occu-
pational hazard of repetitive spinal stress [7].

Common mechanisms of pathology Narrowing of the spi-
nal canal can occur anteriorly from the disk desiccation/
bulge, laterally from facet joint hypertrophy, and posteriorly 
from ligamentum flavum thickening. Furthermore, mechani-
cal narrowing of the spinal canal can result from spinal col-
umn deformity, including spondylolisthesis (i.e., pathologic 
anterior displacement of the vertebral body) and scoliosis 
(abnormal lateral curvature of the spine) [8].

The degenerative process leading to stenosis starts with 
disk degeneration [1, 2]. Progressive desiccation of the 
nucleus pulposus results shortens the anterior spine, which 
shifts stress toward the posterior elements of the spine, 
including the facet joints, interspinous ligaments, ligamen-
tum flavum, and subarticular ligaments. This chronically 
increased stress subsequently results in the reactive develop-
ment of facet osteophytes, hypertrophy, cystic changes, and 
ligamentum flavum redundancy [2, 9, 10]. Symptoms of 

canal narrowing are primarily the result of neural elements 
compression, including the thecal sac or traversing spinal 
roots. However, a vascular contribution to spinal stenosis has 
also been theorized to also contribute to symptomatic patho-
genesis via either arterial insufficiency (i.e., reduced arterial 
flow to the nerve roots) or venous engorgement (i.e., inade-
quate oxygenation of the capillary bed of the cauda equina 
and accumulation of toxic metabolites) [2, 9, 10].

Research has only supported a weak-to-moderate correla-
tion between radiographic/anatomic pathology and severity 
of symptoms [2, 4, 11]. Some of the variance between radio-
graphic vs. symptom severity is suspected to be explained in 
part by complexities in pain processing. The underlying 
mechanism for spinal stenosis is likely multifactorial. 
Emerging research on the complex nature of multiple 
descending and ascending pain processing pathways between 
the spinal cord and brain has shaped the conceptualization of 
pain sensitization, i.e., hyper-excitability of pain perception 
[12]. There is also a substantial contribution from psycho-
logical and cognitive factors, including depression/anxiety, 
self-efficacy, and pain catastrophizing [13].

9.4  Clinical Presentation

Lumbar spinal stenosis and acute lumbar radiculopathy from 
a herniated disk can have overlapping aspects of underlying 
pathology and even co-occur. When comparing the two, 
however, signs of dural tension (e.g., straight leg raise, femo-
ral nerve stretch, and slump test) are more classically seen in 
the setting of acute radiculopathy [2]. Furthermore, acute 

Fig. 9.1 Degenerative L4/5 spinal stenosis due to facet arthropathy and thickening of ligamentum flavum and grade 1 spondylolisthesis. Milder 
L3-4 narrowing also noted. (Courtesy of Ali Mostoufi, MD, New England Spine Care)
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radiculopathy tends to occur more frequently in patients 
under 50  years of age, have focal motor weakness (as 
opposed to gait disturbance or positive Romberg test), and 
have an acute/sudden onset of symptoms (as opposed to 
insidious) when relatively compared with spinal stenosis [2]. 
Another key distinction is that acute radiculopathy is more 
likely to symptomatically worsen with sitting, whereas 
 spinal stenosis is more likely to improve with sitting and 
worsen with walking/spinal extension. Vascular claudication 
is another important clinical syndrome to distinguish from 
stenosis. Vascular claudication also worsens with walking, 
but differs from stenosis in that symptoms are relieved with 
rest while standing and occur below the knee (most com-
monly the calf). Furthermore there are signs of pallor, foot/
shin skin breakdown, distal extremity hair loss, and dimin-
ished distal pulses [14]. Findings concerning vascular clau-
dication could warrant referral to primary care or vascular 
specialist.

The hallmark of lumbar spinal stenosis is neurogenic 
claudication; numbness, pain, heaviness, and/or weakness in 
the legs radiate from the spine to the buttocks and legs while 
walking or prolonged standing. Neurogenic claudication is 
often relieved with sitting or stooping. Patients may also note 
pain while walking, relief of symptoms with forward flexion, 
relief of symptoms with bicycle/shopping cart, motor/sen-
sory disturbance while walking, the presence of low back 
pain, the presence of lower extremity weakness, and the 
presence of pulses in the feet.

Studies support the presentation of pain radiating into the 
buttocks or distal leg having a sensitivity of 88% for the 
diagnosis of lumbar spinal stenosis but a specificity of only 
34%. Moreover, a history of back pain while the patient was 
standing but no pain at all when the patient was sitting had a 
specificity for lumbar spinal stenosis of 93%, but a sensitiv-
ity of only 46% [1].

Cervical spinal stenosis can present with pain in the neck, 
arm pain, and numbness, and at times focal myotomal weak-
ness and muscle atrophy. In cervical or thoracic myelopathy, 
gait disturbance, bowel or bladder dysfunction, clumsiness, 
dropping items, and gross muscle weakness can occur from 
cord comparison, often correlating with cord signal abnor-
mality on MRI [1, 2]. Cervical and thoracic myelopathy 
would have upper motor neuron signs, while mostly lower 
motor neuron signs are observed in cauda equina syndrome 
and conus medullaris syndrome, except increased muscle 
tone can be seen in conus [10].

9.5  Physical Examination

The physical examination of a patient with suspected spinal 
stenosis involves a comprehensive neurologic, musculoskel-
etal, and vascular examination. A broad goal of the examina-

tion is to evaluate a pattern of signs consistent with spinal 
stenosis, nerve root irritation, red flag signs indicating the 
need for urgent further workup (e.g., fracture, myelopathy, 
cauda equina syndrome, or neoplasm), or other pathologies 
commonly known to mimic spinal stenosis (Table 9.1) [2].

Inspection is important to observe any asymmetry, discol-
oration, abnormal posturing, muscle wasting, or bony 
deformity.

Spine range of motion should be observed in the sagittal, 
coronal, and axial planes with notation of any restriction or 
provocation of symptoms. Palpation should be done along 
the midline spine and paraspinal areas and pelvis.

Gait Evaluation: Gait disturbance classically described in 
spinal stenosis is a slow, wide-based gait [1]; however, gait 
may also be normal. Scissoring gait can be observed in the 
setting of myelopathy.

Manual muscle testing can aid the evaluation for spe-
cific nerve root pathology based on myotomal weakness: 
shoulder abduction (C5), elbow extension (C5–C6), wrist 
extension (C6–C7), wrist flexion (C7–C8), distal finger 
flexion (C8), and finger abduction (T1), hip flexion (L2), 
knee extension (L3), ankle dorsiflexion (L4–L5), and ankle 
plantar flexion (S1). Given the strength of the plantar flex-
ors, if weakness is a concern the patient should be able to 
perform 10 single leg calf raises as the standard for normal 
strength.

Sensory testing can include light touch, pinprick, and pro-
prioception/vibration along corresponding dermatomal areas 
of the extremities.

Deep Tendon Reflex is helpful in the assessment for signs 
of upper (UMN) or lower motor neuron (LMN) pathology. 
UMN typically presents with hyperreflexia, increased mus-
cle tone, and upward-going toes on plantar response. LMN 
typically presents with hyporeflexia, fasciculations, reduced 
muscle tone, and downward-going toes on plantar response. 
Reflexes are typically graded on a scale from 0 to 4, reflect-
ing increasing strength of response. Lumbar stenosis pres-
ents as LMN dysfunction, except conus involvement. 
Thoracic and cervical stenosis can present as UMN if the 
cord is affected or LMN if the nerve roots are affected.

Clonus is a rhythmic series of muscle contractions 
induced by stretching the tendon and the highest level of 
reflex response.

Table 9.1 Differential diagnosis of lumbar spinal stenosis

Vascular claudication Sacroiliac dysfunction
Peripheral neuropathy Spinal canal tumor/metastatic 

disease
Hip osteoarthritis Spondylolisthesis
Hip trochanteric bursitis Arteriovenous malformations
Facet arthropathy (+/− facet 
synovial cyst)

Epidural hematoma

Discogenic pain Epidural lipomatosis
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Hoffman’s sign is an involuntary flexion movement of the 
thumb/index finger. This is performed when the examiner 
flicks the patient fingernail of the middle finger down (58% 
sensitive, 78% specific) [15]. It can be a normal finding in 
those with hyperreflexia, but could also indicate an UMN 
issue.

Signs of cauda equina/conus medullaris/cervical myelop-
athy are also important to identify, including saddle 
 anesthesia and upper motor neuron findings in cervical or 
thoracic myelopathy.

9.5.1  Special Maneuvers

Note these maneuvers are primarily to evaluate for other 
sources of pathology and are frequently negative in those 
with spinal stenosis or are a secondary cause of pain.

Dural Tension signs are typically negative for stenosis, 
but positive for acute radiculopathy. Sensitivity and specific-
ity numbers are for radiculopathy, as they do not exist for 
spinal stenosis.

• Straight leg raise/Lasegue (SLR): (72% sensitive, 66% 
specific) [16].

Technique: While supine and knee fully extended, the 
hip is passively fully flexed and subsequently the ankle 
dorsiflexed.

• Seated Slump Test: (84% sensitive, 83% specific) [10].
Technique: Neck is flexed while slumped forward at 

the thoracic and lumbar spine while seated. One knee is 
extended, and subsequently, the ankle is dorsiflexed.

• Femoral Nerve Tension: (84% sensitivity for high lumbar 
disk herniation) [16].

Technique: While prone the knee is fully flexed and 
subsequently the hip is passively fully extended, while the 
examiner uses one hand to maintain pelvic stability.

• Hip Pelvic Tests for hip and or pelvic pathology. Sensitivity 
and specificity are not for stenosis but for hip or pelvic 
pathology.

• Log Roll: Evaluates hip pathology. (90% sensitive, 36% 
specific) [17].

Technique: Involves passive alternating external and 
internal rotation of the hip to the ends of its range of 
motion while the patient is supine.

• FADDIR (flexion adduction internal rotation): Evaluates 
femoroacetabular impingement/anterior labrum pathol-
ogy (60% sensitive, 52% specific) [18].

Technique: Hip is full-flexed and adducted with com-
bined internal hip rotation while supine.

• Patrick’s/FABER test (flexion abduction external rota-
tion): Evaluates hip joint or sacroiliac pathology (71% 
sensitive, 100% specific) [10].

Technique: Hip is full-flexed and abducted with com-
bined external hip rotation, while the patient is supine.

• Spurling: Evaluates cervical root impingement.
Technique: The patient’s neck is slightly laterally 

rotated and extended with or without axial compression 
(40% sensitive, 92% specific) [16].

• Romberg test: Evaluates balance.
Technique: Patient stands with feet together, arms 

crossed, and eyes closed [10] (40% sensitive, 91% 
specific).

9.6  Diagnostic Workup

Plain X-rays Plain films may demonstrate abnormalities 
suggestive of lumbar stenosis, including spondylolisthesis, 
disk narrowing, facet joint hypertrophy, and end-plate scle-
rosis, but lack assessment of soft tissue, spinal cord, or spinal 
canal diameter.

MRI MRI without contrast is the most widely used radio-
graphic modality for the diagnosis of spinal stenosis [2]. 
MRI with contrast is often used in postoperative cases or 
suspected bony infiltration or infection, or in patients with 
prior operative spinal intervention as it is perceived to bet-
ter display postoperative adhesions [9]. Five MR criteria 
that should be used as a minimum standard in the evalua-
tion of stenosis (central and foraminal) are as follows: (1) 
compromise of the central spinal canal; (2) relation between 
fluid and cauda equina (in central canal stenosis); (3) nerve 
root compression in the lateral recess (for lateral recess ste-
nosis); (4) foraminal nerve root impingement (for lateral 
recess stenosis); and (5) compromise of the foraminal zone 
(for foraminal stenosis) [19]. There is a substantial body of 
evidence demonstrating the lack of significant correlation 
between radiographic severity of stenosis and clinical 
symptom severity [2]. In addition, an estimated 21% of 
people with radiographic stenosis on MRI are asymptom-
atic [20].

CT-based studies CT without contrast can be useful to 
appraise bony pathology, pars fractures, extent of facet 
degeneration, and calcified ligaments and disk space [2]. 
CT myelography has been suggested as an alternative for 
MRI when cannot be performed (e.g., post-instrumentation 
with metallic artifact). CT myelography has been shown to 
have similar diagnostic capacity as MRI, although it is 
associated with radiation and the myelogram is an invasive 
procedure [4].

Furthermore, emerging research has suggested a potential 
nocebo role for the routing wording of radiographic reports 
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when directly read by the patient. These negative effects 
included symptom catastrophizing and poor functional 
response to conservative management, and adjustments to 
avoid anxiety-provoking terminology on radiographic 
reports were suggested [21].

Electromyography (EMG/NCS) Electrodiagnostic studies 
are helpful when suboptimal correlation exists between 
radiographic and clinical findings [2]. EMG also assists with 
differentiating spinal origin complaints from alternative 
diagnoses like neuropathy and plexopathy. Sensory nerve 
conduction studies are typically expected to be normal unless 
the dorsal root ganglion is also affected. Motor nerve con-
duction studies may or may not be normal at L5 or S1 pathol-
ogy, and H-reflexes may be abnormal in S1 pathology. 
Needle EMG usually involves a sampling of lumbar paraspi-
nal muscles and 5–7 muscles of the affected limb that are 
innervated by different peripheral nerves and nerve roots 
[22]. Haig et al. demonstrated high specificity and moderate- 
to- low sensitivity for many electrodiagnostic elements, 
including fibrillations (47% sensitivity, 87% specificity) and 
H-wave (36% sensitivity, 91% specificity) [23]. Paraspinal 
mapping, an advanced needle localization EMG protocol for 
the paraspinal muscles, has shown promising diagnostic util-
ity (30–90% sensitivity, 100% specificity) for lumbar spinal 
stenosis [24].

9.7  Treatments

9.7.1  Medical Management

A myriad of nonoperative non-procedural treatments exists 
including lifestyle modification, therapy, medications, injec-
tions, and even multidisciplinary rehabilitation. There is no 
specific medication for spinal stenosis. Patients often try 
over-the-counter medications including acetaminophen and 
nonsteroidal anti-inflammatories when tolerated. Topical 
anti-inflammatories/capsaicin may be used with lower GI and 
renal/cardiovascular side effects. Prescribed gabapentin may 
reduce pain (spinal and radicular) with limited literature sup-
port [25]. Some practitioners prescribed antidepressants 
including tricyclic and norepinephrine reuptake inhibitors 
with very limited literature support [26]. Neither muscle 
relaxants nor opioids have superiority over NSAIDs and acet-
aminophen. Muscle relaxants have anticholinergic side 
effects, and opioids may have CNS and GI side effects and 
could result in dependency and abuse. Other medications 
(e.g., prostaglandins, calcitonin, and vitamin B1) have poten-
tial to improve pain and walking distance, but evidence was 
low quality [2].

9.7.2  Rehabilitation

Main goals of rehabilitation in spinal stenosis are reduction 
in pain, improvement of function including walking, 
improvement of range of motion, gait training, and patient 
education and fall prevention. Exercise programs vary dra-
matically with strengthening, range of motion, stretching, 
proprioception, and various other forms all represented but 
none emerging as superior to the other [27]. Means of 
increasing compliance such as shared decision-making and 
individualized programs can help people experiencing symp-
tomatic spinal stenosis regain function. The overall aim is to 
increase activity in these individuals and have exercise/
movement become habitual.

9.7.2.1  Lumbar Spinal Stenosis
Exercise-based programs including strength training have 
demonstrated the ability to increase physical function and 
reduce risk of falls, a common functional deficit in individu-
als with symptomatic lumbar stenosis [28]. In a symptomatic 
population, gauging intensity of exercise is crucial as an 
activity at too low a threshold or at too high may deter con-
tinued participation and adaptation may not take place. The 
majority of individuals experiencing symptomatic lumbar 
spinal stenosis are sedentary (up to 75% in one study being 
entirely inactive) so increasing physical activity in any fash-
ion is more beneficial than a specific program.

Multiple studies have demonstrated a significant, small 
effect with the addition of manual therapy to an exercise pro-
gram in the treatment of stenosis. The effects of manual ther-
apy on patient outcomes have been demonstrated to be 
nonspecific and not directed at specific tissue structure. If 
manual therapy is to serve as an adjunct to exercise, the 
narrative- associated needs to be taken into account so as to 
encourage movement and a belief of resilience in patients. 
Manual therapy should not serve as a stand-alone treatment 
in patients with spinal stenosis.

9.7.2.2  Thoracic Spinal Stenosis
With thoracic spinal stenosis being exceedingly rare, there is 
a paucity of high-quality information on management. The 
course of rehabilitation would follow that of either cervical 
or lumbar stenosis in a focus on symptom management and 
increasing capacity for activity.

9.7.2.3  Cervical Spinal Stenosis
Rehabilitation for cervical spinal stenosis should include 
movement strategies to increase tolerance for physical activ-
ity as well. This may be inclusive of strengthening exercises 
to address identified weakness or specific grip work and task-
specific activities of daily living issues such as placing objects 
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on shelves and fine motor skill training. It could also include 
aerobic activity or aquatic exercises to encourage movement 
from a systemic level. Current clinical practice guidelines 
from the American Physical Therapy Association advocate 
exercise and advice to stay active per patient tolerance as the 
cornerstones of rehabilitation. If a patient is experiencing fre-
quent radicular symptoms, clinicians may utilize nerve glides 
as a means of graded exposure to work on tolerance.

9.7.2.4  Treatment Modalities
Exercise programs vary dramatically with strengthening, range 
of motion, stretching, proprioception, and various other forms 
all represented but non-emerging as superior to the other. Each 
program should be tailored to the individual in order to find a 
starting point for movement according to their tolerance, the 
equipment to which they have access, and their goals. There is 
no good evidence for the utilization of passive modalities such 
as ice, heat, ultrasound, or transcutaneous electrical nerve stim-
ulation (TENS). There is low- level evidence for utilization of 
acupuncture as an adjunct to exercise, but the narrative associ-
ated with utilization needs to be taken into account.

9.7.3  Procedures

Epidural steroid injections (Fig. 9.2) Widely used in the 
treatment of spinal stenosis recalcitrant to a trial of less inva-
sive care, including medications and PT [2]. In an attempt to 
reduce nerve tissue inflammation, glucocorticoid is injected 
in the epidural space in proximity of the identified stenotic 
segment. The procedure is most commonly done percutane-
ously via needle insertion to the epidural space under fluoro-
scopic guidance. Epidural steroid delivery can be interlaminar 
(cervical, thoracic, or lumbar), transforaminal, or caudal 
approach (although data are lacking for the caudal approach, 
and it should have a limited role in a modern medical prac-
tice). Potential complications include infection, allergic 
reaction to injectate, nerve root damage, dural puncture, 
hematoma, transient cortisol suppression, transiently altered 
glucose metabolism, and in rare cases spinal cord ischemia 
secondary to inadvertent intra-arterial injection of particulate 
corticosteroid [29]. A large portion of the existing literature 
has shown short-term (<3  months) symptomatic 
improvements.

Fig. 9.2 Cervical interlaminar epidural Injection with contrast material enhancing posterior epidural space. (Image courtesy of Ali Mostoufi, MD, 
New England Spine Care Associates)
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9.7.4  Minimally Invasive Percutaneous 
Procedures

There are also percutaneous minimally invasive procedures 
that are available to treat patients with spinal stenosis, includ-
ing MILD procedure (Vertos Medical Inc., USA) and 
Vertiflex procedure (Superion® Indirect Decompression 
System by Boston Scientific, Marlborough, MA, USA). 
Both of these procedures have published 5-year safety and 
outcome data. These treatments represent exciting advances 
in our ability to treat lumbar spinal stenosis and will likely 
continue to expand our ability to appropriately treat patients 
suffering from this condition. They are covered in greater 
depth in Chap. 14.

9.7.5  Surgery

Indications for referral include failure of conservative non-
operative management or signs of progressive neurological 
deficit or myelopathy. The specific details of the surgical 
approach vary according to the location of the stenosis, num-
ber of segments affected, associated deformity or spinal 
instability, history of previous surgery, and surgeon’s prefer-
ences [2, 29, 30]. Depression, cardiovascular comorbidity, 
impaired gait, and scoliosis were patient factors found on 
systematic reviews to be predictors of poorer postoperative 
outcomes. Conversely, better walking ability, better per-
ceived health, and higher income predicted better postopera-
tive outcomes [31].

The primary goal of surgery is to decompress the stenotic 
neural structures, relief of symptoms, and improved func-
tioning. Operative options include traditional laminectomy, 
bilateral laminotomies, bilateral decompression through uni-
lateral laminotomy, and laminoplasty (cervical stenosis). 
Fusion is considered if there are any instabilities, unstable 
spondylolisthesis, or deformity in addition to or contributing 
to stenosis. The Spine Patient Outcomes Research Trial 
(SPORT) compared surgery and nonoperative treatment in 
lumbar stenosis. It found no differences in intent-to-treat 
analyses, but due to substantial crossover, per-protocol anal-
yses did show early benefit to surgery [32]. However, per- 
protocol analyses sacrifice the preservation of randomization. 
For more details on spine surgery, see Chaps. 15 and 16.
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Disk Herniation and Radiculopathy
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Amanda Nelli, and Padma Gulur

10.1  Cervical Radiculopathy

10.1.1  Synonyms

Cervical disk disease with radiculopathy; cervical radiculi-
tis; cervical neuritis

10.1.2  ICD-10 Codes

M54.11- M54.13

10.1.3  Description

Cervical radiculopathy is a condition in which dysfunction 
of a cervical nerve root results in a painful neck or arm with 
associated sensory, motor, and reflex abnormality. Cervical 
radicular pain is not necessarily associated with loss of sen-
sation, motor function, or reflex abnormality. In radiculopa-
thy, the involvement of the ventral root of the spinal nerves 
may result in motor weakness, and involvement of the dorsal 
root of the spinal nerve may result in sensory deficits; 
involvement of either may result in abnormal reflexes on 
examination.

Anatomy The cervical spine consists of 7 vertebrae, 5 cervi-
cal disks (C2–C6), and 8 pairs of cervical nerve roots. The C1 
vertebrae are ring-shaped, do not have a central body, and con-
nect with the occipital condyle of the skull via lateral masses 
[15]. C1 articulates with the C2 vertebrae through atlantoaxial 
joints, and the primary articulation points for neck rotation. 
The C2 vertebrae body has a unique cephalad extension called 
the dens, which is tightly secured in place against the C1 arch 
by a transverse ligament, allowing for a majority of the cervi-
cal rotation at the C1–C2 junction. Dorsally, each vertebra 
connects through cervical facet joints, which are situated in a 
coronal plane with inferior angulation. Cervical facets allow 
for flexion, extension, and lateral tilt of the cervical spine. 
Unique to the cervical spine is the uncinate processes and 
associated uncovertebral joints between C3 and C7, which is 
rudimentary at birth but evolves with age, stabilizing the spine 
but also prone to degenerative changes [16, 17].

Cervical nerve roots exit through the inferior portion of the 
cervical intervertebral foramina [1] and are named for the cor-
responding vertebral body below them, except the C8 nerve, 
which exists at the C7-T1 foramen. The cervical neuroforam-
ina is bordered anteriorly by the disk, posterior laterally by the 
facet joint, anteromedial by the uncovertebral joint, and the 
superior and inferior pedicle of the adjacent vertebrae. Facet 
arthropathy and uncovertebral arthropathy both may result in 
nerve impingement and radicular pain. C1–C3 spinal nerves 
have dorsal innervations including suboccipital (C1), greater 
occipital (C2), and third occipital nerve (C3) [2]. C1–C4 ven-
tral primary rami form the cervical plexus, and C5–C8 ventral 
primary rami contribute to the brachial plexus.

The most common cervical radiculopathy is the C7 nerve 
followed by C6 and C8. The most common etiology for cervi-
cal radiculopathy is a posterolateral disk herniation with nerve 
root impingement or narrowing of the neuroforamina as a 
result of facet spondylosis, uncinate hypertrophy, or spondylo-
listhesis. Less common causes include facet synovial cysts, 
extradural masses, spinal tumors, and abscesses. Differential 
diagnosis of cervical radiculopathy is in Table 10.1.
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10.1.4  Clinical Presentation

Classic presentation of cervical radiculopathy is neck and 
unilateral arm pain in a specific nerve root pattern with sen-
sory, motor, or reflex abnormalities. Sensory complaints fol-
low a dermatomal pattern, and weakness follows the same 
anatomic level myotome. Of the subjective complaints, the 
distribution of hand paresthesias appears to have the greatest 
localizing value [3]. There is level 1 evidence that suprascap-
ular (C5–C6), interscapular (C7), and scapular (C8) pain sug-
gests radiculopathy [4]. Common aggravating factors include 
motion of the head toward the painful side, hanging of the 
arm, cough, sneeze, or Valsalva. Often pulling, pushing, and 
lifting items are not tolerated in the acute phase. Pain may 
improve when the head is tilted away from the painful side or 
if the affected arm is placed over the head. Clumsiness and 
deficits in fine motor movements (grip or pinch force) may 
precede gross weakness. Cervical myelopathy due to cord 
compression should also be ruled out, which often is associ-
ated with poor balance, bowel or/and bladder dysfunction, 
and bilateral sensory or motor abnormalities, along with dis-
tinct upper motor neuron examination findings.

10.1.5  Physical Examination

Full musculoskeletal and neurologic examination is indi-
cated in the evaluation of cervical radicular pain.

Visual observation Clinicians should be trained to notice 
poor posture, abnormal body mechanics, spinal deformity, 
muscle atrophy, gait anomaly, use of an assistive device, skin 
abnormalities, and nonverbal cues or behaviors.

Palpation Ipsilateral tenderness and muscle tightness (taut 
bands) in trapezius and periscapular muscles are common 
findings.

Range of motion (ROM) C-spine ROM should be examined 
in all planes. The normal cervical ROM is as follows: exten-
sion: 55°, flexion: 45°; lateral bending: 40°; and rotation: 70° 
[5]. Among common ADLs, backing up a car requires the 
most combined ROM maneuvers.

Sensory testing Radiculopathy results in specific dermato-
mal abnormality in sensory examination of the shoulder gir-
dle and the symptomatic arm. Light touch, pinprick, and 

proprioception/vibration should be tested in the symptomatic 
and asymptomatic arms. Based on the dermatomal deficits, 
clinicians can localize the anatomic level of nerve root 
impingement. To date, the most standardized sensory testing 
guideline is published by the International Standards for 
Neurological Classification of Spinal Cord Injury [6].

Deep tendon reflexes The following reflexes should be 
tested bilaterally as part of a standard radiculopathy exami-
nation. Hyporeflexia or areflexia indicates lower motor neu-
ron involvement. Hyperreflexia is an indication of CNS 
involvement (Table 10.2, Fig. 10.1).

Motor Testing Patterns of weakness can help localize a 
lesion to a particular spinal cord level, nerve root, peripheral 
nerve, or muscle. Comparing the strength of each muscle 
group with its contralateral counterpart allows for the detec-
tion of any asymmetries. The degree of pain and the patient’s 
effort can be a limiting factor in examination of the strength. 
For cervical radiculopathy, strength testing is often focused 
on C4–C8 nerve roots. The International Standards for 
Neurological Classification of Spinal Cord Injury recom-
mends testing five key muscles in the upper extremity [6]. 
Muscle strength is rated on a scale of 0/5 to 5/5 (Table 10.3).

Joint Examination Careful examination of the cervical fac-
ets, shoulder, elbow, and wrist is also important in differenti-
ating radicular neck pain from other musculoskeletal causes.

10.1.5.1  Special Maneuvers
Spurling Maneuver It is a classic test to identify nerve root 
irritation (Fig. 10.1). It is a combination of ipsilateral neck tilt, 
forward flexion, and exerting axial load. A modified Spurling 
maneuver is a combination of the ipsilateral rotation, extension, 
and exerting axial load (Fig.  10.2). Reproduction of the 
patient’s radicular symptoms in either maneuver is considered 

Table 10.1 Differential diagnosis of cervical radiculopathy

Brachial plexopathy Peripheral neuropathy
Cervical myelopathy Thoracic outlet syndrome
Demyelinating disease Upper extremity arthralgia
Peripheral nerve entrapment Upper extremity tendinopathy
Neuromuscular conditions Upper extremity bursopathy

Table 10.2 Key reflexes, muscle group, and sensory point testing in 
cervical radiculopathy

Root Reflex
Key muscle 
group Key Sensation point

C2 Normal reflexes Neck flexion 1 cm lateral to occipital 
protuberance

C3 Normal reflexes Neck 
extension
Neck lateral 
flexion

Supraclavicular fossa, 
mid-clavicle line

C4 Normal reflexes Shoulder 
elevation

Skin over AC joint

C5 Diminished biceps 
DTR

Elbow flexor Radial side of the 
antecubital fossa

C6 Diminished 
brachioradialis DTR

Wrist 
extension

Dorsal surface, proximal 
phalanx of thumb

C7 Diminished
Triceps DTR

Elbow 
extension

Dorsal surface, proximal 
phalanx of third digit

C8 Normal reflexes Long finger 
flexors

Dorsal surface, proximal 
phalanx of 5th digit

S. Johnson et al.
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a positive test. The spurling maneuver has low sensitivity (40–
50%), high specificity (greater than 80%), and fair to good 
interexaminer reliability [7]. This maneuver is contraindicated 
when fractures or instability is suspected.

Adson’s test and Roos test Pain, weakness, and neurovascu-
lar deficits are associated with thoracic outlet syndrome that 
is in the differential diagnosis of cervical radiculopathy. 
Clinicians should be familiar with these tests when examin-
ing patients with neck and arm pain (Fig. 10.1).

Babinski response, Hoffmann sign, Lhermitte’s sign, and 
clonus are also part of examination for cervical radiculopa-
thy as they may point to cervical myelopathy and cord com-
pression instead of single nerve root impingement.

10.1.6  Diagnostic Workup

Plain Films X-rays are the initial imaging modality used 
electively or in acute trauma to identify anatomic changes in 
bony structure of cervical spine including facet/uncovertebral 
spondylosis, loss of disk height, and vertebral body or dens 
fractures. It evaluates the alignment of the cervical vertebrae 
(scoliosis and kyphosis) and detects spondylolisthesis. It can 

identify instability of the C-spine by means of flexion–exten-
sion and open mouth views. It has less utility in identifying 
the cause of radicular pain except for the evaluation of bony 
neuroforamina narrowing in static or dynamic films.

Computed Tomography CT is the best modality to evalu-
ate the bony anatomy and bleeding. Since it is cross-sec-
tional imaging, it can identify bony narrowing of the 
central canal or neuroforamina and thickening of the liga-
mentum flavum. CT is an excellent modality in multi-
trauma workup of fractures and bleeding in or around the 
spinal canal. CT with 2D axial and coronal reconstruction 
is used to identify proper fusion of the adjacent vertebrae 
after spinal fusion surgery. Although CT is less sensitive as 
compared to MRI, it can identify disk herniation. CT is the 
modality of choice in patients with implanted pacemakers 
and other devices that are not compatible with MRI. Finally, 
CT is used after performing discography to better visualize 
internal disk derangements including radial tears.

MRI MRI is the gold standard imaging modality for patients 
with radicular symptoms. It can identify normal and abnor-
mal changes in soft tissue (muscle, nerve, DRG, cord, disk, 
ligaments, adipose, etc.). MRI can visualize the caliber of the 
spinal canal and the neuroforamina (Fig. 10.3). With MRI, 
one can evaluate any spinal cord or bone marrow signal 
abnormality. MRI can determine acuity of fractures, pres-
ence of infection, and primary or metastatic tumors of the 
spinal column. Pre- and post-contrast MRI images are neces-
sary to further define certain conditions such as cancerous 
and vascular lesions, postsurgical scarring, and nerve sheath 
tumors.

NCS/EMG Electrodiagnosis is considered an extension of 
the physical examination. In patients with clear cervical 

Fig. 10.1 Adson’s test (left) and brachioradialis reflex testing (right)

Table 10.3 Cervical root-innervated muscles in c-spine and arm

C2 Sternocleidomastoid, rectus capitis, longus colli
C3 Trapezius, splenius capitis
C4 Trapezius, levator scapulae
C5 Deltoid, biceps, supraspinatus, infraspinatus
C6 Wrist extensors, biceps, brachioradialis, supinator
C7 Wrist flexors, triceps
C8 Thumb extensor and adductors. Wrist ulnar deviators, flexor 

digitorum superficialis

10 Disk Herniation and Radiculopathy
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Fig. 10.2 Spurling maneuver (left) and modified Spurling maneuver (right)

Fig. 10.3 Cervical herniated disk at C5–6 with central thecal sac impression and left foraminal stenosis and normal cord signal. (Image courtesy 
of Ali Mostoufi, MD, New England Spine Care Associates)

S. Johnson et al.
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radicular signs and symptoms and supportive MRI, there is 
no indication for EMG. It can be a useful tool in clinical sce-
narios in which symptoms, physical examination, and imag-
ing are not concordant [10]. If there is a suspicion of 
coexisting medical conditions along with cervical radicu-
lopathy (peripheral neuropathy or peripheral entrapment), 
then confirmatory EMG results can lead to specific and bet-
ter treatment outcomes.

Myelogram Before MRI was developed, the CT myelo-
gram was highly utilized to identify caliber of the central 
canal and intervertebral foramen and help determine exist-
ing nerve root or spinal cord compression. In modern medi-
cine, CT myelograms continue to be valuable when MRI is 
contraindicated or when there is poor visibility on MRI. In 
complex postsurgical cases or surgical revisions or spinal 
tumors, a myelogram may also be utilized as a diagnostic 
tool. Diagnostic spinal injections: Fluoroscopic-guided pro-
cedures can deliver certain medications to a desired target 
for diagnostic or therapeutic purposes. In complex cases in 
which multilevel degenerative changes are seen, and there is 
a question as to which segment is contributing to the 
patient’s pain, spine surgeons may ask for a diagnostic 
selective nerve root injection. Properly trained intervention-
alists can deliver anesthetics to a specific nerve root. The 
degree of pain relief (depending on the half-life of the local 
anesthetic) can provide valuable preoperative information to 
the surgeon and increase likelihood of a successful surgical 
outcome.

10.1.7  Treatment

10.1.7.1  Medical Management
About 70–80% of patients with cervical radicular pain 
improve with conservative care [8]. Pain reduction and 
patient education are important initial goals. For the acute 
phase, one can consider ice and passive treatments consisting 
of a cervical collar and rest from activities that aggravate the 
condition. If tolerated, prescribed medications can reduce 
acute-phase symptoms including NSAIDs, muscle relaxants, 
and short tapering course of oral steroids. In acute cervical 
radiculopathy, if NSAIDs do not provide adequate analgesia, 
opioid pain medications are indicated for 7–14  days. In 
chronic cases, adjunct medications such as anticonvulsants, 
tricyclic antidepressants, or select norepinephrine reuptake 
inhibitors may be used. Experienced clinicians can educate 
patients with methods to prevent worsening and recurrence 
by activity modification, correct body mechanics (neutral 
spine), proper lifting techniques, use of a proper pillow and 
mattress, and suitable exercises.

10.1.7.2  Rehabilitation
Early involvement of physical therapy and occupational 
therapy is encouraged in the management of cervical radic-
ular pain. Rehabilitation treatment should focus on reduc-
tion in muscle tension and improvement in ROM and 
strength. Cervical stabilization, stretching (passive and 
active), isometric strengthening, and progressive resistive 
exercises (Fig. 10.4) are incorporated in the rehabilitation 
phase and should be transitioned to a home exercise pro-
gram [9]. If there is no contraindication, cervical traction 
can be effective in reducing radicular symptoms and can be 
incorporated into the treatment plan. Moist heat, ultra-
sound, manual traction, and TENS treatment are often used 
by PT and OT for temporary pain relief. Cervical spine 
manipulation can be a helpful adjunct treatment, but com-
plications including cervical arterial dissection are of con-
cern and premanipulative cervical instability testing and 
arterial integrity tests appear to be unreliable in identifying 
patients at risk for this adverse event [18]. Interventional 
procedures and medications can reduce pain and in turn 
increase patient compliance with rehabilitation treatment. 
Within the context of rehabilitation, the patient is educated 
on body mechanics, proper desk ergonomics, and use of 
adaptive equipment like a book stand, a hands-free phone 
or headset, and a document holder.

10.1.7.3  Procedures
Interlaminar Cervical Epidural steroid injections (C-ESI): 
An C-ESI is indicated in persistent painful cervical radicu-
lopathy despite appropriate initial medical and rehabilitation 
treatments. In the hands of trained physicians, when per-
formed with image guidance, it is a safe and effective treat-
ment. Based on a systematic review of literature, the evidence 
for treating cervical radicular pain with interlaminar epidural 
steroid injection is good (Fig. 10.5) [11, 12].

Cervical Selective Nerve Root Block (SNRB): This is a 
diagnostic procedure. If a patient has substantial decrease in 
pain with image-guided contrast-enhanced injection of anes-
thetics at a specific nerve root, the clinician can consider that 
specific nerve root to be the main cause of arm pain. 
Selectivity of such injection is lost if there is epidural spread 
of the injectate. Spine surgeons use SNRB diagnostic infor-
mation for surgical planning.

10.1.7.4  Surgery
A progressive neurologic deficit, myelopathy, and failed 
conservative care for over 6  months are indications for 
spinal surgery. Factors such as severity of degenerative 
changes, previous spine surgery, spine instability, and cer-
vical spondylolisthesis are used to decide what type of 
surgery would benefit the patient. The most common sur-
gical techniques are anterior cervical discectomy and 
fusion (ACDF), foraminotomy, and disk arthroplasty. 

10 Disk Herniation and Radiculopathy



72

Fig. 10.4 Strengthening and ROM exercises for cervical spine including isometrics. (Image courtesy of Ali Mostoufi, MD, New England Spine 
Care Associates)

S. Johnson et al.
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ACDF is the most common surgical treatment for cervical 
radiculopathy. Surgical intervention has been shown to 
provide faster improvement in pain intensity, sensory dis-
turbance, and muscle strength, but one-year outcome 
comparisons between surgical and nonsurgical groups are 
statistically similar [14, 21]. Meta- analysis studies show 
that in patients with symptomatic cervical disk disease, 
cervical disk arthroplasty is superior over ACDF in terms 
of overall success, neurological improvement, the inci-
dence of implant/surgery-related serious adverse events, 
need for secondary procedures, functional outcomes, 
patient satisfaction, and adjacent segment degeneration 
[13, 18–20]. See Chaps. 15 and 16 for more details on 
spine surgery.

10.2  Thoracic Radiculopathy

10.2.1  Synonyms

Thoracic radiculitis; neuropathy, thoracic; thoracic radicu-
lopathy due to degenerative disk disease of the spine

10.2.2  ICD-10 Codes

M54.14, M47.24

10.2.3  Description

Thoracic radiculopathy is a condition in which dysfunction 
of the thoracic nerve root results in pain and sensory abnor-
malities in the chest and upper back. This radiculopathy can 
also result in severe pain with coughing or sneezing, feeling 
of weakness in the chest, and shortness of breath.

Anatomy Thoracic spine consists of 12 vertebrae, which 
correspond with the 12 ribs, 12 thoracic disks (T1–T12), 12 
pairs of thoracic nerve roots, which innervate the chest. 
Thoracic nerves are named corresponding to the vertebral 
body above them.

Thoracic radiculopathy is the least common radiculopa-
thy. The most common etiology for thoracic radiculopathy is 
a posterolateral disk herniation with nerve root impingement 
or narrowing of the neuroforamina as a result of aging. Less 
common causes include ossification of the spinal ligaments 
and trauma, such as car accidents. Table 10.4 outlines dif-
ferential diagnosis of thoracic radiculopathy.

10.2.4  Clinical Presentation

Classic presentation of thoracic radiculopathy is unilateral 
band-like pain in a specific nerve root (dermatomal) pattern. 

Fig. 10.5 Cervical interlaminar epidural injection with contrast material enhancing posterior epidural space. (Image courtesy of Ali Mostoufi, 
MD, New England Spine Care Associates)

10 Disk Herniation and Radiculopathy
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There may also be complaints of shortness of breath, espe-
cially with deep breathing, or sharp pain with coughing or 
sneezing. Thoracic myelopathy due to cord compression 
needs to be ruled out, which often is associated with bilateral 
sensory or motor abnormalities, lower extremity hyperre-
flexia, gait disturbance, upper motor neuron disease exami-
nation finding (clonus), dysreflexia, and neurogenic bowel 
and bladder dysfunction.

10.2.5  Physical Examination

Full musculoskeletal and neurologic examination is indi-
cated in the evaluation of thoracic radicular pain.

Visual observation Clinicians should be trained to notice 
spinal deformities, skin abnormalities, and nonverbal cues or 
behaviors.

Palpation Ipsilateral tenderness and muscle tightness in 
paraspinals and intercostal muscles are common findings.

Range of motion (ROM) Thoracic spine ROM should be 
examined in all planes, and deficits should be documented. 
The normal thoracic ROM are as follows: flexion: 50° and 
rotation: 30° [22].

Sensory testing Radiculopathy results in specific dermato-
mal abnormality in sensory examination of the chest, sides, 
and back. Light touch, pinprick, and proprioception/vibra-
tion should be tested on the symptomatic and asymptomatic 
sides. Based on the dermatomal deficits, clinician can local-
ize the anatomic level of nerve root impingement. Nipple 
line in males correlates with T5, bellybutton correlates with 
T10, and inguinal line correlates with L1.

Motor Testing Thoracic nerves have motor innervation of 
the intercostal muscles, which do not have specific motor 
nerve examinations. In high thoracic myelopathy, engaging 
intercostal muscles in active deep breathing may be 
impaired.

10.2.6  Diagnostic Workup

• X-Ray: X-rays are used to identify anatomic changes in 
bony structure of thoracic spine, loss of disk height, and 
vertebral body fractures. It is essential to evaluate coronal 
and sagittal alignment of the vertebrae (scoliosis/rotation/
kyphosis)).

• Computed Tomography: CT is the best modality to evalu-
ate the bony anatomy and bleeding. CT is an excellent 
modality in multitrauma workup of fractures and bleeding 
in or around spinal canal. Although CT is less sensitive 
compared to MRI, it can identify disk herniation.

• MRI: MRI is the gold standard imaging for patients with 
radicular symptoms. MRI can visualize the caliber of the 
spinal canal and the neuroforamina and can determine 
acuity of fractures, presence of infection, and primary or 
metastatic tumors of the spinal column.

• Myelogram: CT myelogram provides valuable informa-
tion when MRI is contraindicated or when there is a 
metallic artifact from artificial disk or previous thoracic 
fusion instrumentation leading to poor visibility on MRI.

10.2.7  Treatment

10.2.7.1  Medical Management
Many patients with thoracic radicular pain improve with 
conservative care. For the acute phase, one can consider ice 
and rest from activities that aggravate the condition. If toler-
ated, prescribed medications can reduce acute-phase symp-
toms including NSAIDs, acetaminophen, and muscle 
relaxants. In acute thoracic radiculopathy, if NSAIDs do not 
provide adequate analgesia, a short course of opioid pain 
medications can be an option. In chronic cases, adjunct 
 medications like anticonvulsants, tricyclic antidepressants, 
or select norepinephrine reuptake inhibitors may be used.

10.2.7.2  Rehabilitation
Improved ROM, reduced pain, enhanced function, develop-
ment of a home exercise program, and postural/ergonomic 
education are the goals of PT. Both active and passive exer-
cises (including thoracic and lumbar paraspinal strengthen-
ing, modalities, Tens unit, and soft tissue treatments) should 
be considered.

10.2.7.3  Procedures
Thoracic interlaminar epidural steroid injections (T-ESI): An 
T-ESI (Fig. 10.6) can be helpful in persistent painful thoracic 
radiculopathy despite appropriate medical and rehabilitation 
treatments. Utilizing contralateral oblique X-rays while 

Table 10.4 Differential diagnosis of thoracic radiculopathy

Thoracic myelopathy
Demyelinating disease
Chest wall injury
Neuromuscular disease
Intercostal neuralgia
Post-herpetic neuralgia
Rib fracture
Costochondritis (Tietze disease)
Costovertebral joint pain
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performing thoracic ESI (and cervical) provides excellent 
visualization for needle placement and reduces risks and 
complications.

10.2.7.4  Surgery
Progressive neurologic deficit, myelopathy, and failed con-
servative care are indications for spinal surgery. Factors such 
as severity of degenerative changes, previous spine surgery, 
and spine instability are used to decide what type of surgery 
would benefit the patient. Posterior approach, posterolateral 
approach (costotransversectomy), anterior approach via tho-
racotomy, or MIS VATS (video-assisted thoracic surgery) 
can be options depending on location of the herniation, sur-
geons’ experience, and availability of technology as well sta-
bility of the patient.

10.3  Lumbar Radiculopathy

10.3.1  Synonyms

Lumbar radicular syndrome; lumbar radiculitis; lumbar 
radicular pain; lumbar disk disease with radiculopathy; lum-
bar disk herniation with radiculopathy

10.3.2  ICD-10 Codes

M54.16, M51.16

10.3.3  Description

Lumbar radiculopathy is a condition characterized by irrita-
tion of a particular lumbar nerve root, resulting in unilateral 
pain, numbness, paresthesias, or weakness in the buttock or 
a leg. It is usually secondary to dysfunction of the dorsal root 
ganglia or lumbar sensory spinal nerve roots. The most com-
mon cause of lumbar radiculopathy is lumbar disk herniation 
(younger adults) or disk–osteophyte complex (older adults). 
Lumbar radiculopathy is often used interchangeably with 
sciatica even though sciatica best describes pain in the 
 distribution of the S1 nerve. Another term used is lumbar 
radiculitis. Lumbar radiculitis, an inflammatory condition, 
has similar pain presentation as lumbar radiculopathy but 
lacks motor, sensory, or reflex abnormalities. Differential 
diagnosis of lumbar radiculopathy is in Table 10.5.

Anatomy The lumbar spine consists of five vertebrae with 
the vertebral canal bound anteriorly by the vertebral body 
and intervertebral disk and dorsally by lamina. The pedicles 
and the facet joints bind the vertebral canal posterolaterally. 
Pedicle width normally increases gradually from L1 to L5. 
The nerve roots exit in the foramen below the pedicles at 
each level. The facet joints (zygapophysial) are synovial 
joints formed from the superior and inferior articular pro-
cesses of contiguous vertebral levels. The pars interarticu-
laris unites the superior and inferior articular processes at 
each spinal level. A pars fracture, commonly called spondy-
lolysis, affects adolescents, in particular athletes (gymnast, 

Fig. 10.6 Thoracic interlaminar epidural Injection. PA and contralat-
eral oblique images assist in delivering steroid injectate safely to the 
epidural space. Linear contrast flow seen highlighting posterior epi-

dural space. (Image courtesy of Ali Mostoufi, MD, New England Spine 
Care Associates, Cambridge, MA, USA)
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divers, cheerleaders), but can happen in falls, work injury, 
and motor vehicle accidents. The most common level 
affected is spondylolysis of L5. The ventral roots form the 
lumbar plexus, terminating at various peripheral nerves. The 
spinal cord ends most commonly at L1 with the distal part of 
the spinal cord forming the conus medullaris. This is fol-
lowed by the cauda equina.

The lumbar spine’s blood supply is derived from the seg-
mental arteries with each segmental artery dividing into a 
spinal branch, which supplies the vertebrae, spinal cord, and 
cauda equina.

10.3.4  Clinical Presentation

The clinical presentation of lumbar radiculopathy consists 
of pain as the primary symptom along with a constellation 
of symptoms of the involved nerve root including paresthe-
sias, numbness, and weakness. Radicular pain travels along 
a narrow band, with a shooting, lancinating quality often 
described like an electric shock. Objective findings include 
gait disturbance, antalgia, dermatomal loss of sensation, 
myotomal weakness, and hyporeflexia. Radicular pain from 
L1, L2, and L3 is normally felt in the lower abdomen, groin, 
and anterior thigh. Lumbosacral radicular pain from the 
involvement of the L4 and L5 nerve roots is usually felt in 
the back of the thigh, down into the leg and foot (see 
Fig. 10.3). With L4 radicular symptoms, one can see diffi-
culty with knee extension and reduced patellar tendon 
reflex. With L5 radicular symptoms, one can see difficulty 
with heel walking and reduced strength of the ankle and 
extension of the toe.

10.3.5  Physical Examination

Evaluation of lumbar radiculopathy involves a thorough 
musculoskeletal and neurologic. This includes evaluation for 
abnormal posture, asymmetry, deformity, abnormal range of 
motion of spine, and lower extremity joints.

Range of motion (ROM) L-spine ROM should be examined 
in all planes. The normal lumbar ROM is extension: 25°, 
flexion: 60°; lateral bending: 25°; and rotation: 20°.

Neurologic examination This includes assessment of sensa-
tion (light touch, two-point discrimination, pinprick, derma-
tomes in Fig.  10.7) reflexes (Table  10.6), muscle strength, 
and pain. Tenderness to touch and cutaneous findings may 
suggest alternative diagnosis. The patellar and Achilles 
reflexes should be tested, pointing to L4 and S1 radiculopa-
thy. Sensory examination can be subjective, but assessing 
dermatomal changes for light touch, temperature, and pain 
can be useful and should correlate with MR findings.

10.3.5.1  Special Maneuvers

Straight leg raise test The straight leg raise test is when the 
clinician raises the patient’s extended leg on the symptom-
atic side with the foot dorsiflexed. The presence or worsen-
ing of radicular pain with this maneuver is termed Lasegue’s 
sign. The straight leg raise test is sensitive but variable speci-
ficity for radiculopathy caused by disk herniation and is best 
for the L5 and S1 levels.

Contralateral straight leg raise test This is done by the cli-
nician lifting the patient’s asymptomatic leg in an attempt to 
produce radicular pain in the symptomatic leg. It is specific 
for radiculopathy due to disk herniation [23].

Patrick’s test The clinician externally rotates the hip with 
the ipsilateral knee flexed at 90°, and the heel is placed on the 
opposite knee. If hip or buttock pain ensues, the test is 
 positive. It is nonspecific for radicular disease but does raise 
a higher suspicion for hip OA or sacroiliac disease.

10.3.6  Diagnostic Workup

X-rays This is often the initial imaging modality of choice, 
due to availability and low cost. X-rays identify abnormal 
alignment and anatomic changes in the bone and joints of the 
lumbar spine due to degeneration or trauma (Fig. 10.8).

CT As with the cervical spine, computed tomography is the 
best modality to evaluate the bony anatomy and bleeding in 
the lumbar spine. It is particularly superior to MRI for facet 
joints, DJD, synovial cyst, and lateral recesses bony stenosis. 
When utilized with myelography, it can be used as an alter-
native if MRI cannot be done.

Table 10.5 Differential diagnosis of lumbar radiculopathy

Piriformis syndrome SI joint pain
IT band tendinopathy Meralgia paresthetica
Femoral mononeuropathy Lumbar spinal stenosis
Spinal tumor and abscess Lumbar facet joint pain
Ischiofemoral impingement HIP or knee OA
Peripheral neuropathy Demyelinating disease
Diabetic amyotrophy Cauda equine syndrome
Lumbar or sacral plexopathy CRPS
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MRI MRI is the gold standard imaging for patients with 
radicular symptoms (Fig.  10.9). It can identify normal and 
abnormal changes in soft tissue (muscle, nerve, DRG, cord, 
disk, ligaments, adipose, etc.). MRI can visualize the caliber 
of the spinal canal and the neuroforamina. With MRI, one can 

evaluate any spinal cord or bone marrow signal abnormality. 
MRI can determine acuity of fractures, presence of infection, 
and primary or metastatic tumors of the spinal column. The 
use of pre- and post-contrast MRI images is necessary to fur-
ther define certain conditions like cancerous and vascular 
lesions, postsurgical scarring, and nerve sheath tumors.

EMG/NCV Electrodiagnostic modalities such as electromy-
ography, nerve conduction velocity, and somatosensory- 
evoked potentials are beneficial in confirming radicular 
symptoms when distinguishing between lumbar radicular 
symptoms and peripheral neuropathy.

Myelogram Before MRI was developed, myelogram was 
highly utilized to identify caliber of the central canal and 
intervertebral foramen and help determine exiting nerve root 
or spinal cord compression. In modern medicine, CT myelo-
gram continues to provide valuable information regarding 
the caliber of the canal or intervertebral foramen when MRI 
is contraindicated or when there is a metallic artifact from 

Fig. 10.7 Lumbar–sacral plexus dermatomes. (Copyright © 2018, Springer International Publishing AG)

Table 10.6 Key reflexes, muscle group, and sensory point testing in 
lumbar radiculopathy

Root Reflex Key muscle group
Key sensation 
point

L1/
L2

Psoas, iliacus, sartorius, 
gracilis, pectineus, adductor 
longus, adductor brevis

Anterior aspect 
of upper thigh

L3 Quadriceps, adductor longus, 
magnus, brevis

Anterolateral 
thigh

L4 Patellar 
reflex

Quadriceps Anterior thigh, 
medial shin

L5 Posterior 
tibial

Peroneal, anterior tibial, 
extensor hallucis longus

Great toe, 
dorsum of foot

S1 Achilles 
reflex

Gluteus maximus, 
gastrocnemius, plantar flexors 
of toes

Lateral foot, 
small toe
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artificial disk or previous fusion instrumentation leading to 
poor visibility on MRI. In complex postsurgical cases or sur-
gical revisions or spinal tumors, myelogram may also be uti-
lized as a diagnostic tool.

Diagnostic spinal injections Fluoroscopic-guided, contrast- 
enhanced procedures (selective nerve root injection—Fig. 
10.9) can deliver certain medications to a desired target for 
diagnostic or therapeutic purpose. In complex cases in which 

multilevel degenerative changes are seen, and there is a ques-
tion of which segment is contributing to the patient’s leg 
pain, spine surgeons may ask for a diagnostic selective nerve 
root injection. Properly trained interventionalists deliver 
anesthetics to a specific nerve root in question, and the degree 
of pain relief (depending on the half-life of the local anes-
thetic used) can provide valuable preoperative information to 
the surgeon and increase likelihood of successful surgical 
outcome.

Fig. 10.8 X-ray-guided mechanical percutaneous discectomy. (Image courtesy of Ali Mostoufi, MD, New England Spine Care)

Fig. 10.9 L5 disc protrusion in right paramedian space impinging on traversing nerve roots with right L5/S1 radicular signs and symptoms
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10.3.7  Treatments

10.3.7.1  Medical Management
Medical management of lumbar radiculopathy starts with 
patient education, activity modification, and establishment 
of goals. Initially, patients should be managed conservatively 
with exercise, physical therapy, and NSAIDs as first-line 
therapy. In the acute phase, back brace and tapering dose of 
corticosteroids can be prescribed. Other therapies that can be 
used as adjuncts when conservative treatments fail include 
opioids, muscle relaxants, and neuroleptic medications 
though there is less evidence for their effectiveness. In acute 
radiculopathy, a short course of opioid medication is 
acceptable.

10.3.7.2  Rehabilitation
Physical therapy is indicated in the management of acute, 
subacute, and chronic thoracic and lumbar radiculopathy. 
Pathoanatomical explanations for pain consistent with tho-
racic and lumbar radiculopathy should be assessed and rele-
vant psychological, behavioral, social, and/or environmental 
factors also known to contribute negatively to pain and dis-
ability. An individualized plan of care is developed based on 
shared decision-making between clinician and patient in 
synchrony with the best available evidence-based literature, 
clinician expertise, and patient preference. Rehabilitation 
will likely focus on a combination of active and passive 
forms of treatment including but not limited to manual ther-
apy, mechanical or manual traction, neurodynamic interven-
tions, therapeutic activity, therapeutic exercise, aquatic 
therapy, cognitive-behavioral informed techniques, and/or 

patient education. Passive modalities, such as ice, heat, and/
or electrical stimulation, may be utilized to modulate pain; 
however, it is important to note that passive forms of treat-
ment are generally not effective for long-term symptom 
management. Passive modalities, if utilized, should be 
employed to promote more active forms of treatment and 
self-management. Patients are educated on the physiology of 
pain, and fear-avoidance beliefs are addressed if necessary. 
Extended bed rest and prolonged periods of inactivity due to 
pain should be discouraged. Limited evidence is available 
related to the management of thoracic radiculopathy as this 
condition is generally less prevalent compared to radiculopa-
thy of the cervical and lumbar regions; however, the evalua-
tion and treatment of thoracic radiculopathy are similar to 
that described above.

10.3.7.3  Procedures
Lumbar epidural steroid injections (interlaminar or trans-
foraminal) are indicated for persistent painful lumbar 
radiculopathy that has failed conservative care (therapy 
and NSAIDs). Paramedian interlaminar approach 
(Fig. 10.10) delivers steroids to the dorsal epidural space. 
Transforaminal injections have the advantage of delivering 
medication to the anterior epidural space and the specific 
impinged nerve root (Fig. 10.11). Studies have shown ESIs 
to be more beneficial than control treatments, especially in 
the short term [2]. A selective nerve root block is also used 
to relieve lumbar radicular pain by reducing inflammation 
of the nerve root through steroid injection. Recurrence can 
be expected however as the irritant pathology is still 
present.

Fig. 10.10 Lumbar interlaminar epidural injection delivering steroids to the dorsal epidural space. (Image courtesy of Ali Mostoufi, MD, New 
England Spine Care)
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Emerging Therapies
Percutaneous endoscopic lumbar discectomy via transfo-
raminal posterolateral approach is an emerging therapy for 
the treatment of lumbar disk herniations. It has advantages 
over open lumbar surgery and microdiscectomy, which 
include low morbidity, minimal blood loss, and low compli-
cation rates, and it can be done under local anesthesia, 
allowing patients to undergo the procedure who historically 
would not have been surgical candidates. Other minimally 
invasive techniques for the treatment of lumbar disk hernia-
tion are mechanical percutaneous disk decompression or 
thermal percutaneous disk decompression. The later tech-
nique utilizes a laser fiber placed in the center of the nucleus 
pulposus, and energy from the laser is used to reduce intra-
discal pressure. Lastly, another minimally invasive treat-
ment for lumbar herniated disk is chemical percutaneous 
discectomy. One chemical utilized for this technique is 
ozone, where ozone gas is injected into the nucleus pulpo-
sus of the herniated disk, which leads to a reduction in disk 
size, relieving mechanical nerve root compression. For 
more reading on these newer treatment options, please go to 
Chap. 14.

10.3.7.4  Surgery
Surgery for lumbar radiculopathy is indicated if there is pro-
gressive neurologic deficit or if there is no relief in symptoms 
over a chronic period. The gold standard surgical treatment 
for lumbar radiculopathy is microdiscectomy with techniques 
improving from more invasive to minimally invasive tech-
niques (endoscopic). Microdiscectomy has been shown to be 
superior to open surgical techniques. Minimally invasive lat-
eral foraminotomy with partial lateral facetectomy is effec-
tive for foraminal stenosis causing nerve root compression 
and radiculopathy. Lumbar fusion is recommended for 

patients with failed back syndrome, degenerative instability, 
deformity, and symptomatic spondylolysis. More details 
regarding surgical options are discussed in Chaps. 15 and 16.
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Failed Back Syndrome

Ryan Budwany, Tony K. George, and Timothy R. Deer

11.1  ICD-10 Codes

M96.1

11.2  Definition

The International Association for the Study of Pain defines 
failed back syndrome as lumbar spinal pain of unknown ori-
gin either persisting despite surgical intervention or appear-
ing after surgical intervention for spinal pain originally in the 
same topographical location [1]. Patients with FBS have 
chronic back pain, with or without referred or radicular 
symptoms, and have had one or more surgical interventions 
that have failed to treat the original pain. The word “back” in 
failed back syndrome refers to any segment of the spine 
where surgical intervention has occurred. Open surgery has 
been a default corrective action to address spine complaints, 
but in the recent years, advances in minimally invasive inter-
ventions have resulted in improvement of function, mitigat-
ing pain, and reduced risk of failed back pain syndrome [2].

Low back pain is the leading cause of disability and the 
second most common presentation to primary care physi-
cians [3, 4]. When compared to other chronic health condi-
tions (i.e., angina pectoris, diabetes mellitus), low back pain 
is the third most expensive condition for employers in the 

USA. Lower back pain has many causes, but most patients 
present with nonspecific mechanical back pain. Rare causes 
including infection, fractures, and malignancies are always 
in differential diagnosis [3]. Despite its large prevalence, ini-
tial approach for treating nonspecific low back pain is not 
surgical, whereas instability and progressive neurological 
deficits require early surgical intervention. Two adjacent col-
umn or middle column fractures and high-grade spondylolis-
thesis lead to instability and potential neurologic deficits 
requiring surgery. Radiculopathy, a nerve root impingement 
caused by spinal stenosis or disk herniation (traumatic or 
nontraumatic) leads to pain and functional loss. Radicular 
pain can be addressed with an epidural injection; however, 
radiculopathy with muscle weakness may require surgery.

FBS is the unforeseeable result of a surgical attempt(s) to 
alleviate low back or radicular pain in patients who have not 
responded to conservative care. FBS has a prevalence of 5–30% 
in 2-year postoperative phase [1]. FBS has a significant clinical 
and economic impact. Pain and functional limitations continue 
in these patients and require further care. Appropriately identi-
fication and treatment of pain generator could prevent surgery 
and potential complications including FBS [5].

11.3  Etiology

Failed back syndrome etiologies include multiple spine sur-
geries, spine surgery complicated by bleeding or infection, 
or aggressive surgical management combined with a poorly 
defined pain generator [6]. Back pain can be debilitating; 
therefore, the severity of pain may force early surgical inter-
vention as compared to pursuing conservative management. 
In addition to its indication for segmental instability, high- 
grade spondylolisthesis, and spinal tumors/fractures, the 
prevalence of spinal fusion for treatment of axial back pain 
has increased over the past several years [6]. Despite 
advancement in technology and modification in surgical 
techniques, spinal fusion is associated with higher cost of 
care and limited clinical outcome [7–9].
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One-third of patients undergoing spine surgery do not 
achieve satisfactory outcomes [10]. Success rates decrease 
with sequential spine surgery, falling from 50% after the first 
surgery to 30% after the second surgery, 15% after the third 
surgery, and 5% after the fourth surgery [11]. Additionally, 
diagnostic evaluations such as lumbar discography, medial 
branch blocks, or selective nerve blocks have limited utility 
and are poor predictors of surgical success. The utility of 
provocative discography for discogenic back pain carries a 
positive predictive value of 50–60%, and its utility is debated 
in the literature leading to its decline over the past decade 
[12, 13]. Medial branch blocks are strictly diagnostic for 
facet-generated neck or back pain and should not be utilized 
as a predictor of surgical outcome. Best practices  recommend 
an algorithmic approach to identify the pain generator, allow-
ing effective treatment through surgical or nonsurgical means 
(Fig. 11.1).

Risk factors for FBS are many (Table 11.1), including 
patient-sensitive factors, surgeon operative factors, and 

tissue responsive factors [14]. Patient-sensitive risk factors 
include anxiety, depression, smoking, obesity, secondary 
gain, litigation, and workers’ compensation cases. Surgeon 
operative risk factors include misdiagnosis of the pain 
generator, poor surgical technique, and successive surgical 
procedures. Tissue responsive risk factors include recur-

Fig. 11.1 72-year-old man who had surgery for chronic back pain in 
2015 without prior conservative care. Pain did not resolve and progres-
sively worsened. In 2019, revision surgery was performed; however, 

pain and dysfunction persisted (FBS). In 2021, he responded to a sim-
ple interlaminar epidural injection with 80% sustainable pain relief

Table 11.1 Risk factors for developing FBS

Preoperative factors
Intraoperative 
factors

Postoperative 
factors

Improper selection 
criteria
Premorbid psychological 
risk factors
Litigation, workers’ 
compensation cases
Improper communication 
of goals
Unrealistic expectations 
of patients

Misdiagnosis
Wrong spinal-level 
surgery
Inadequate 
decompression
Improper screw 
placement
Fusion instability

Stenosis (residual/
new)
Epidural fibrosis
Herniated disk 
(residual/new)
Worsening 
degenerative disk
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rent disk herniation, spondylolisthesis, epidural fibrosis, 
nerve injury, infection, hematoma, progressive spinal ste-
nosis, altered biomechanics, myofascial pain, and adja-
cent-level disease or pain sensitization [14]. Psychosocial 
factors have the strongest association with poor surgical 
outcome and potentially FBS [15, 16]. Surgical invasive-
ness correlates with FBS, with higher reports of failure 
after lumbar fusion as opposed to a minimally invasive 
microdiscectomy [17].

11.4  Symptoms

Pain is localized to the back with or without a radicular com-
ponent to the lower extremities (Table 11.2). Paresthesia and 
numbness must be differentiated from underlying medical 
issues, such as diabetes mellitus or causes of diffuse or focal 
neuropathy. Activities of daily living may be compromised 
due to pain, and the present symptoms should be compared 
to the preoperative state to confirm similarities, differences, 
and possible psychological overlay.

11.5  Physical Examination

Examination findings are nonspecific, and the findings elic-
ited from its interdependent parts and associated mechanical 
dysfunctions provide supportive clues [17].

Inspection and palpation Skin examination will show scar 
from previous spine surgery. Reduction in lumbar or cervical 
lordosis is often seen due to implants and hardware (flat 

back). Myofascial pain is common after dissection of muscle 
tissue, pedicle screw fixation, or chronic paraspinal muscle 
atrophy. In case of fusion, facet loading could elicit segmen-
tal pain above or below the fusion. Another classic finding is 
spondylolisthesis presenting as an indentation or step-off at 
the affected level.

Range of motion Restriction in active and passive range of 
motion is evident due to surgical fixation or soft tissue limi-
tations. Limitations may also occur from adjacent segment 
disease or spondylosis.

Motor testing Strength is diminished at the involved myo-
tome, and weakness could be from disuse, pain, or other spi-
nal disease like foraminal stenosis or herniation.

Sensory testing Sensory deficits are apparent at the involved 
dermatome with hypoesthesia or in cases of CRPS, hyperal-
gesia, and allodynia. Symmetric deficits could suggest dif-
fuse or metabolic etiology.

Reflexes Abnormal hyporeflexia may be related to previous 
preoperative disease (stenosis, nerve compression) or related 
to new herniation and stenosis. Hyperreflexia should alarm 
clinician to potential myelopathy or other central nervous 
disease and should be expeditiously explored.

Special tests Neural tension signs including straight leg 
raise test, spurling maneuver, and femoral stretch are part of 
a standard examination. However, these tests may not dif-
ferentiate between a new disk herniation and impingement 
from scar tissue surrounding a spinal nerve root.

Table 11.2 Differential dx of FBS and presentation

Source of pain Characteristics Examination Tests
Degenerative disk 
disease

Axial pain
May radiate out to gluteal/groin
Non-dermatomal leg pain
Increases with sitting, bending lifting
Improves with rest or walking around

Pain with flexion
Decrease ROM
Normal 
neuro- examination

X-rays: Disk space narrowing
MRI: Reduced disk T2 signal changes 
(dehydration) and modic changes of 
vertebral endplate
Discogram

Disk herniation Dermatomal pain in lower extremity
Myotomal weakness

+ SLR (Lasegue)
+ Femoral stretch test

+ MR or CT
+ EMG in radiculopathy
Both MR and EMG should correlate 
with examination

Facet pain Pain with extension, rotation, lateral flexion
Can be unilateral or bilateral
Refers to buttock/groin

Pain on facet loading 
(extension and lateral 
flexion)

X-ray/CT and MR show facet 
arthropathy
Lumbar diagnostic medial branch 
block

Spinal stenosis LBP with neurogenic claudication 
(pseudo- claudication)
Walking and standing limitation.
Pain relief with sitting
Pain relief with forward bending (shopping 
cart)

Abnormal sensation or 
strength
Hyporeflexia
Positive slump test

CT scan, MRI, or myelography can 
diagnose central stenosis

Multifidus dysfunction Dynamic segmental stabilizer
Weakness and atrophy are associated with 
chronic low back pain

Myofascial pain CT/MRI

11 Failed Back Syndrome



86

11.6  Diagnostic Workup

X-ray After spine surgery, clinicians rely on X-rays to eval-
uate fusion status, new bony fracture, hardware position, 
pedicular screw loosening, or fracture [18]. Dynamic X-rays 
evaluate for segmental instability and are superior to mag-
netic resonance imaging (MRI) for evaluation of 
spondylolisthesis.

MRI MRI with contrast provides supporting evidence for 
persistent pain such as new herniation, progressive stenosis, 
and synovial cyst.

CT scan Computed tomography (CT) is the modality of 
choice if MRI is incompatible (defibrillator, other metallic 
implants). CT with 2-D reconstruction evaluates failed 
fusion, hardware loosening, bony abnormality, or fluid col-
lection not identified otherwise. CT delineates bone and is 
superior for facet degeneration or pseudarthrosis but overall, 
less desirable than an MRI due to high level of radiation. In 
rare cases, CT myelogram is ordered, for nondiagnostic MRI 
findings such as for epidural fibrosis [18].

Bone scan If infection is suspected, blood work, pet scan, 
and bone scans are indicated.

Diagnostic injections Diagnostic blocks identify sources of 
persistent postoperative pain related to adjacent-level facet 
joints, sacroiliac joints, degenerative disk, annular disk tear, 
piriformis muscle, or nerve root impingements. Performing 
procedures on an operated back may pose technical chal-
lenges requiring the expertise of a skilled interventionalist.

11.7  Treatments

Consideration should at first hand be given to pharmacologi-
cal therapy, physiotherapy, and management of psychologi-
cal and social factors.

11.7.1  Medical Management

Medications address axial pain or radiculopathy. Neuropathic 
medications such as gabapentinoids and tricyclic antidepres-
sants such as amitriptyline have fair evidence for managing 
radiculopathy [19]. Anti-inflammatory medications such as 
COX-1 and COX-2 inhibitors are effective for chronic back 
pain; however, its risk of cardiovascular, gastrointestinal, and 
renal events are high and should be used with caution. Opioid 
medications are effective for acute nociceptive pain but not 
recommended for chronic spinal pain due to lack of long- term 
benefit and potential for side effect, tolerance, and diversion .

11.7.2  Rehabilitation

The main goal of physical therapy in failed back syndrome is 
to improve function. Pain relief is not necessarily a goal of 
physical therapy, but if pain relief is achieved, it is a wel-
comed outcome. There is no standard protocol for rehabilita-
tion in patients in this postoperative phase with chronic pain. 
Combining physical therapy with other modalities, in an 
interdisciplinary approach (PT, OT, Psych support, medical 
and procedural treatment), may result in better outcome. 
Goals of physical therapy is patient education, improve range 
of motion, working on soft tissue to relaxation tense mus-
cles, therapeutical exercise to improve core strength, and 
functional gain in ADLs and in work environment. Over 
time, with supervised PT, strength, endurance, and function 
may improve resulting in patient satisfaction. Patient educa-
tion will increase compliance and continue with the exer-
cises despite occasional flare-ups. Combining PT with 
procedural treatment including neuromodulation can have 
the best long-term outcome.

11.7.3  Procedures

The goals of procedures are to reduce pain, improve func-
tion, and increase compliance with exercise-based treatment. 
Failed back syndrome is often a combination of back and 
neuropathic leg pain. Radiculitis could be treated with selec-
tive nerve blocks and coexisting mechanical pain from the 
facet joints, or the sacroiliac joints could be treated with 
facet and sacroiliac joint procedures. In patients that simple 
pain procedures are not effective; neuromodulation should 
be considered.

11.7.3.1  Sacral-Mediated Pain
Sacroiliac (SI) joint dysfunction is common after L5–S1 
fusion. This is often thought to be related to immobility of 
the fused segment, transferring the stress to the adjacent tis-
sues including the sacroiliac joint. If the SI joint is identified 
as the primary pain source, intra-articular injections or neu-
roablation treatments can be offered first. In recent years, 
percutaneous SI joint fusion has become available to patients 
suffering from intractable SI joint-mediated back pain.

11.7.3.2  Facet-Mediated Pain
In patients who have undergone fusion, adjacent facets both 
proximal and distal to immobilize disk space become respon-
sible for the majority of the motion in the lumbar segment. 
As a result, facet joints can become a source of pain due to 
increased mechanical forces. In postoperative cases with 
facet-generated pain, concordant diagnostic medical branch 
blocks with subsequent radiofrequency ablation treatment 
can lead to successful pain relief. In recent years, advances in 
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regenerative options have resulted in trial of intra-articular 
PRP for facet-generated pain. Such treatments warrant fur-
ther research.

11.7.3.3  Radiculopathy
In failed back syndrome, radicular symptom can originate 
from re-herniation, intraoperative trauma to nerve root, 
wrong-level surgery, inadequate decompression, nerve root 
irritation by improper pedicular screw placement or osteo-
phytosis, scarring in the surgical bed, and tissue adhesion. 
There is no standard of care in the treatment of radiculitis in 
failed back syndrome, but options include epidural injection, 
transforaminal ESI, caudal epidural injection, endoscopic or 
percutaneous adhesiolysis, and neuromodulation. There is 
evidence that treating radicular pain with caudal epidural 
injection has a better outcome over considering repeat lum-
bar surgery [20]. Some studies are suggesting mechanical, 
endoscopic, or percutaneous adhesiolysis versus chemical 
adhesiolysis with hyaluronidase to be superior to steroid 
alone in treating FBS pain [20–22].

11.7.3.4  Neuromodulation
Neuromodulation is based on the gait theory of pain 
(Melzack and Wall in 1965), stimulating the wide dynamic 
range of neurons and utilizing its powerful inhibitory effect 
on painful stimuli carried by A-delta and C fibers. Both dor-
sal column of the spinal cord (SCS) and dorsal root ganglion 
(Fig.  11.2) can be stimulated to achieve pain control. 
Parameters that are important in delivering effective stimula-
tion include amplitude, frequency, and pulse width, all of 
which can be adjusted and optimized [23]. SCS types are 
traditional paresthesia-based, high-frequency stimulation, 
burst stimulation, or a combination of modalities. There is 

strong evidence supporting spinal cord stimulation (SCS) for 
managing failed back syndrome [23, 24]. There is level I evi-
dence supporting SCS over reoperation for managing FBS 
symptoms [24]. Recent level 1 studies support high- 
frequency stimulation for treatment of axial back pain with 
or without leg pain [25, 26]. In regards to DRG stimulation, 
T12 stimulation may be an optimal method of controlling 
postoperative back pain [27]. Supporting research suggests 
the use of paddle leads to be superior to percutaneous leads 
with less incidence of lead migration (most common compli-
cation) [28].

A week-long trial of SCS or DRG stimulation before per-
meant placement is considered the standard of care. During 
this week, patient would evaluate pain relief and functional 
gain from the neuromodulation treatment before committing 
to a permanent device. Permanent SCS treatment involves 
implanting either a paddle or percutaneous leads in mid- 
lower thoracic spine (Fig. 11.2), anchoring to supraspinous 
ligament, and connecting the lead to a pulse generator, which 
is also implanted . For DRG stimulation, lead is placed dor-
sal to DRG (Fig. 11.3), and no anchoring is needed as the 
lead is looped in epidural space. After implantation of neuro-
modulation systems, further adjustments and programming 
are done to optimize the effect.

11.8  Surgery

The literature review suggests revision spine surgeries have 
limited success [11]. A decision to repeat surgery should 
weigh several factors where declining neurologic function 
should be the paramount consideration. For pain alone, SCS 
may be more effective than repeat surgery [29]. Absolute 

Fig. 11.2 Lead placement 
for spinal cord stimulator. 
Image demonstrates a single 
lead, with 8 contacts, placed 
midline with tip of the lead at 
T9. (Image courtesy of Ali 
Mostoufi, MD. New England 
Spine Care Associates)
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indications for surgery include impaired bowel and bladder 
function, progressive or profound motor weakness, and con-
tinued neural deficit or interactable severe pain.
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Spinal Deformities: Kyphosis 
and Scoliosis

S. Ali Mostoufi, Tony K. George, and Yasmine Mostoufi

12.1  Kyphosis

12.1.1  ICD 10

Kyphosis deformity of spine M40.209.

12.1.2  Synonyms

Idiopathic spinal deformity, acquired spinal deformity, 
kyphoscoliosis, Scheuermann’s disease.

12.1.3  Description

Kyphosis is an increase in the forward curvature of the spine 
seen in the sagittal view (Fig. 12.1).

Kyphosis is a physiologic curvature of the thoracic spine 
and its connection with cervical and lumbar lordosis curves 
above and below make up the length of the spine above the 
sacrum. In the sagittal view, thoracic kyphosis normal angu-
lar range falls between 20° and 40°. Hyperkyphosis is defined 
as a cobb angle greater than 50° (Fig. 12.3).

The thoracic spine is less flexible as compared to the cervi-
cal and lumbar spine where its attachment to the ribcage is a 

source for its immobility. The spine comprises 7 cervical ver-
tebrae, 12 thoracic vertebrae, 5 lumbar vertebrae, a fused 
sacrum, and fused coccyx. From the age of 40, physiologic 
kyphosis progresses and the kyphotic angle increases with age 
[1]. Hyperkyphosis is prevalent in 20–40% of the population 
after age 60 (Fig. 12.1) [2]. It affects women more than men 
and progresses more in woman of menopausal age. Menopause 
accelerates bone turnover, and low bone mineral density is a 
risk factor for fracture and kyphotic progression. About a third 
of patients with osteoporosis have compression fractures [3]. 
Compression fractures cause wedging of the vertebral body 
putting pressure on additional segmental levels in the spine 
and increasing the risk of future fractures and progression of 
kyphotic angle (Fig. 12.2). Each vertebral fracture can increase 
kyphosis angle by 3.8° [4]. Conversely, nonmetabolic kypho-
sis may not be a risk fracture for compression fractures [5]. In 
kyphosis, postural imbalance with anterior displacement of 
the center of mass increases the risk of falls and nonspine frac-
tures [6]. Other risk factors include degenerative disk disease, 
weakness of back extensor muscles, older age, and family his-
tory of hyperkyphosis (Table 12.1).

Kyphosis can occur in the pediatric and adult populations. 
There are three types of pediatric kyphosis, which include 
postural, juvenile, and congenital kyphosis.

Postural kyphosis is related to adolescent slouching and 
forward head tilt creating weakening of the extensor muscles 
of the upper back. The vertebral structures are normal in 
shape and form in this diagnosis. As the spine maintains flex-
ibility, this deformity can be corrected.

Juvenile kyphosis, also known as Scheuermann’s disease, 
is a thoracolumbar structural deformity occurring before 
puberty. The vertebral structures demonstrate anterior wedg-
ing due to aberrant bone mineralization. This spine is rigid 
compared to postural kyphosis and restrictive to correction.

Congenital kyphosis from anomalies is rare however dis-
abling and rapidly progressing. The result of either lack of 
spinal segmentation or failure of segmental development is 
usually diagnosed during childhood.
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Adult kyphosis can be from degenerative, metabolic, 
iatrogenic, and post-traumatic, autoimmune from anky-
losing spondylitis, neurologic from neurofibromatosis, 
and infectious from tuberculosis (Table 12.1). Metabolic 
causes are kyphosis from osteoporosis. Degenerative and 
metabolic etiologies comprise a majority of adult-related 
kyphosis. Potts kyphosis is vertebral infection from tuber-
culosis resulting in segmental damage causing severe tho-
racic or thoracolumbar kyphosis. Segmental junctional 
kyphosis is an iatrogenic kyphosis after spinal fusion sur-
gery causing collapse of the proximal vertebral segments.

Complications of hyperkyphosis include pulmonary com-
promise with restricted vital capacity putting patients at risk 
of pneumonia and COPD.  Kyphosis angulation increases 
energy expenditure making household chores and ADL 
activities cumbersome. Neurologic compromise can be 
expected in severe kyphotic angles >90°, and in some cases 
as early as beyond 50° [7].

12.1.4  Symptoms

Pain and stiffness are common symptoms from spinal stress 
due to kyphotic changes. Shortness of breath may be present 
due to reduced capacity, limited lung expansion, and rib 
immobility [8]. Fatigue is common from increased energy 
expenditure due to kyphotic angulation.

Cord compression should be suspected in cases of hyper-
kyphosis with bowel incontinence, bladder retention, and 
progressive gait deficits.

12.1.5  Physical Examination

Inspection Patients present with a forward head and neck 
tilt with a rounded back or humpback deformity. Increased 
lumbar lordosis and forward pelvic tilt are also present. 
Also, true height is reduced from forward riding head tilt 
and neck extension may be limited due to muscle 
weakness.

PA view

Fig. 12.1 PA and lateral 
views of Spine. On PA view, 
no lateral deformity is noted, 
but the lateral views 
demonstrate kyphosis
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MSK examination Muscle examination would reveal tight 
hamstrings and hip joint contractures with pelvic obliquity 
due to compensation efforts to correct sagittal imbalance. 
Patients would demonstrate tenderness to palpate the thora-
columbar paraspinal muscles including facet joints above 
and below the apex of the curve. Belly protrusion from weak 
abdominal muscle and chest wall collapse may be evident on 
observation.

Special tests Special tests to differentiate rigid and flexible 
kyphosis would be laying the patient in the supine position 

and observing flattening and correction of flexible kyphosis 
and retention of curvature for rigid kyphosis.

12.1.6  Diagnostic Studies

12.1.6.1  Plain Films
Standing X-ray in the lateral view is the gold standard for 
assessing kyphosis using imaging. Cobb angle is the gold 
standard to measure degree of kyphotic angle and wedging 
between vertebral segments. It is measured from the superior 
endplate of T2 to the inferior endplate of T12 (Fig.  12.3). 
Serial X-rays are useful to monitor the immature adolescent 
spine, especially during growth spurt for kyphosis correc-
tion. Advanced imaging modalities are considered if compli-
cations are suspected.

Fig. 12.2 Image demonstrates two thoracic vertebral fractures (aug-
mented), each with anterior wedging, which has resulted in segmental 
kyphosis and increased overall kyphotic angulation of thoracic spine. 
(Image from author’s library)

Table 12.1 Kyphosis and its possible etiologies

Adult kyphosis Pediatric kyphosis
Degenerative, idiopathic, autoimmune
Post-traumatic (wedge fracture)
Neurologic, metabolic, iatrogenic

Postural
Juvenile (Scheuermann)
Congenital

Fig. 12.3 Cobb angle measurement (Star) in a patient with kyphotic 
deformity. (Image from author’s library)
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12.1.6.2  MRI/CT
MRI with and without contrast or CT with myelogram (for 
MRI incompatibility) are considered if cord compression is 
suspected or for infectious etiologies such as Potts kyphosis. 
Advanced MRI or CT imaging is also useful if surgical cor-
rection is being considered.

Pulmonary function tests help measure lung compromise 
from the restrictive effect of progressing kyphosis.

12.1.7  Treatment

12.1.7.1  Medical Management
Bracing is appropriate for the adolescent child with kyphosis 
where corrective bracing can retard its progression [9]. 
Milwaukee brace is commonly worn for extended daily peri-
ods until skeletal maturity is reached. If kyphosis fails brac-
ing, surgical correction may be required.

Modalities and TENS can assist in desensitizing pain. 
NSAIDs and Tylenol are first-line oral pain medication for 
general pain conditions and can be trialed for kyphosis- 
mediated pain. Topical lidocaine and Flector patches at the 
site of maximal tenderness can help reduce nociceptive- 
mediated pain. Opioids are not recommended due to long- 
term unfavorable sequelae from opioid dependence, and 
further compromise of respiratory function.

Bisphosphonate management is recommended for 
patients with osteoporosis and kyphosis.

Bisphosphonates stall osteoporosis progression, thereby 
stalling kyphosis progression and fractures. In addition, cal-
cium and vitamin D reduce risk of osteoporosis-related 
fractures.

12.1.7.2  Rehabilitation
Physical therapy emphasizes improving flexibility and 
postural alignment and strengthening weak back exten-
sors. In patients with osteoporosis, flexion exercises 
should be avoided as they could potentiate fractures. 
Studies suggest strengthening rather than stretching exer-
cises are beneficial for kyphosis correction [10]. Prone-
based exercises, which strengthen middle and lower 
trapezius, and scapular exercises including scapular 
retraction and trunk stabilization are emphasized. Studies 
suggest 2–3 physical therapy sessions per week for 
8–12 weeks. Balance and gait training are integral as falls 
are a common predisposition in this population. 
Restrictive lung compromise is prevalent in advanced 
kyphosis, and diaphragmatic breathing should be encour-
aged to improve pulmonary function. Modern digital 
technologies with phone apps are useful for short exer-
cise video clips for spine strengthening and posture at 
convenience of home.

12.1.7.3  Procedures

RF Ablation Progressive segmental degeneration present 
with neck and upper back pain from facet joints. If cervical 
and thoracic facet is suspected as a source of pain, medical 
branch block can aid with diagnoses and treatment including 
RF ablation could be offered.

Trigger point Myofascial pain in the cervical or thoracic 
region from compensation could be addressed with muscle 
relaxants and trigger point injections.

Bone Augmentation Acute vertebroplasty or kyphoplasty are 
indicated for acute pain management in the setting of recent 
compression fracture that may lead to exaggerated kyphosis. 
Kyphoplasty improves pain and may prevent further kyphotic 
angulation due to progressive anterior vertebral collapse.

12.1.7.4  Surgery
Age and comorbidities are factored into surgical consider-
ations. Some indications in the juvenile and adolescent popu-
lation include limited conservative relief for at least 6 months, 
progressive deformity and debility, kyphosis progression 
despite corrective bracing, and curves greater than 70° [11]. 
Corrective surgery is not recommended in the elderly due to 
comorbidities and unfavorable risk safety profile, however is 
considered on an individual basis. Other surgical indications 
include debilitating pain, severe disability from cardiopulmo-
nary compromise, and progressing neurologic deficits.

Surgery involves pedicle screw fixation and osteotomy 
using a posterior, anterior, or combined approach. As long- 
term stabilization is the goal, these surgeries typically involve 
spinal fusion. The surgeries can be performed in single- or 
two-stage approaches for correction of deformity.

They involve restoration of segmental alignment, sagittal 
rod contouring, and osteotomies.

12.2  Scoliosis

12.2.1  ICD 10

• Scoliosis deformity of spine M49.1.
• Scoliosis, cervical M41.122.
• Scoliosis, thoracic M 41.124.
• Scoliosis, lumbar M41.126.

12.2.2  Synonyms

Idiopathic spinal deformity, acquired spinal deformity, dex-
troscoliosis, levoscoliosis, scoliotic deformity, kyphoscoliosis,

S. A. Mostoufi et al.
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12.2.3  Description

A normal spine is generally straight and has no appreciable 
lateral curve on coronal radiographs. A lateral curvature of 
the spine is considered scoliosis. A leftward curved spine is 
levoscoliosis, and rightward curved spine is dextroscoliosis. 
A deviation from vertical line could also be combined with a 
spinal rotation defined as scoliosis with rotatory component. 
In some patients, segmental lateral listhesis is noted in addi-
tion to the abnormal scoliotic curve.

Scoliosis can develop in any segment of the spine although 
thoracic and lumbar scoliosis is more often recognized by 
clinicians. Patients may have an isolated levoscoliosis or iso-
lated dextroscoliosis, but often on X-rays, a combination of 
levoscoliosis and dextroscoliosis is seen in the same patient 
as spine curves in one direction proximally and in the oppo-
site direction distally (S or reversed S shape). According to 
the Scoliosis Research Society, at least 10° of scoliosis 
should be notable on the PA radiograph to be considered 
diagnostic (Figs. 12.4 and 12.5) [12].

In general, scoliosis is either congenital, idiopathic, sec-
ondary to other conditions, or degenerative (Table 12.2). In 
congenital cases, it is related to abnormally developed ver-
tebrae resulting in scoliotic curve. Secondary causes of sco-
liosis could be related to neuromuscular/neurological 
disorders such as cerebral palsy, muscle abnormalities as in 
Duchenne muscular dystrophy, and some genetic disorders 
including Marfan syndrome and neurofibromatosis. 
Idiopathic scoliosis is by far the most commonly seen type 
in MSK clinics, and there is no underlying etiology for this 
type of scoliosis. Juvenile idiopathic scoliosis in ages 4–10 
comprises 10–15% of all the idiopathic scoliosis in chil-
dren, and if untreated may have cardiopulmonary conse-
quences [14]. Furthermore, curvature of 30° or more in this 
age population tends to progress, of which 95% would 
likely require surgical intervention [14]. Scoliosis has a 
genetic component in which siblings have up to 7 times 
more frequency of developing scoliosis, children of patients 
with scoliosis have 3 times more prevalence of having sco-
liosis [15], and counseling pregnant females with scoliosis 
should include education on potential scoliosis and their 
offspring.

Pediatric orthopedist/physiatrist closely monitors the 
progression of the scoliosis in children, and clinical deter-
mination is made to monitor, brace, or operate depending 
on degree of curvature, the rapidity of the progression, 
patient’s age, and the Tanner stage. Degenerative scoliosis 
often develops in the 6–8th decade of life, due to osteoar-
thropathy of the facet joints, vertebral compression frac-
ture, and desiccated disk spaces with asymmetrical 
intervertebral spacing.

12.2.4  Clinical Presentation

Scoliosis is often symptom-free but can be associated with 
complaints such as asymmetrical shoulders, asymmetrical 
pelvis, leg length discrepancy, chest wall/breast asymmetry, 
back asymmetry, unilateral scapular protuberance, and in 
degenerative scoliosis complaint of getting shorter. 
Presenting symptoms may be pain at the apex of the scoliosis 
convexity. If a patient has an S-shaped scoliosis, pain may be 
on either of the two convexities of the curve. Unless the sco-
liosis is associated with severe rotation or lateral listhesis, 
numbness, tingling, or weakness is not a presenting symp-
tom. In a severe scoliotic curve, when cardiopulmonary 
function is compromised, shortness of breath and early 
fatigue with activities could be a presenting symptom, which 
can be validated by pulmonary function testing.

Fig. 12.4 Reversed S scoliotic curve with dextroscoliosis centered at 
T9–10 disk space and levoscoliosis centered at L1–2 disk space. (Image 
from author’s library)
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12.2.5  Physical Examination

Thorough musculoskeletal examination is necessary. 
Height of the patient and the Tanner stage should be docu-
mented and followed in time as they are part of monitoring 

skeletal growth and risk of curve progression. Examination 
includes detection of out of norm findings including exces-
sively tall patients with perhaps long fingers (signs of 
Marfan), any skin abnormalities that may relate to second-
ary scoliosis (such as neurofibromatosis), abnormal joint 
laxity (Ehlers–Danlos syndrome), evaluation of gait, and 
evaluation of the foot and its arch, which may point to 
genetic causes of scoliosis. In patients with severe scolio-
sis, auscultation of heart and lungs at both apex and distal 
lung is indicated and ventilation in all quadrants of the lung 
should be documented.

A thorough sensory/motor/reflex testing should be per-
formed. Expectations are normal findings in scoliosis, unless 
there is any particular nerve root impingement in which der-
matomal/myotomal deficits may be noted.

Fig. 12.5 Measurement of Cobb angle on CT or plain film. X = Cobb angle. (Image from author’s library)

Table 12.2 Scoliosis can be a manifestation of neuromuscular disease 
and some of the rare syndromes, listed in this table [13]

Cerebral palsy Marfan’s syndrome Muscular 
dystrophy

Charcot Marie tooth Duchenne’s dystrophy Neurofibromatosis
Ehlers–Danlos 
syndrome

Congenital hypotonia Myelomeningocele

Poliomyelitis Osteogenesis 
imperfecta

Achondroplasia

S. A. Mostoufi et al.
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Skeletal examination includes identifying asymmetry in 
both coronal and sagittal planes. In the coronal plane, asym-
metrical shoulders, asymmetrical pelvis, and asymmetry in the 
spine either S or reversed S curve are noted. In the sagittal 
plane, attention should be made to any rotation of the spine, 
and any asymmetry in chest wall, breast, scapular protuber-
ance, and rib cage all should be documented and tracked in 
serial examinations. Observation should include side-to- side 
asymmetry in ASIS/PSIS, which leads to leg length discrep-
ancy. Leg length discrepancy should be measured to aid with 
shoe lift prescription (measurement between ASIS and medial 
malleoli).

12.2.6  Diagnostic Workup

12.2.6.1  Plain Films
Plain radiograph is a standard diagnostic test for scoliosis. 
Scoliosis series include full-length AP and full-height left 
lateral spine views. It could be done in a standing or decubi-
tus position. Cobb angle is measured when the patient is fol-
lowed over time, repetitive Cobb angle measurement 
determines the progression of the curve (Fig. 12.5). Risser 
sign (ossification of the iliac apophysis) should be docu-
mented on X-ray as it identifies the degree of spinal skeletal 
maturity, which is the clinical information for the manage-
ment of adolescent scoliosis [16].

12.2.6.2  CT Scan
This modality requires high-dose radiation. CT is reserved 
for patients prior to surgical planning, potential congenital 
anomalies, and in cases with spondylolisthesis and rotatory 
component. Sagittal and coronal reformatting would add 
additional value. In post-fusion state, if there is concern 
regarding nonfusion, CT with 2D coronal and sagittal recon-
struction may be utilized.

12.2.6.3  Ultrasound
There is no indication for diagnostic ultrasound in scoliosis; 
however, it may avoid inadvertent pneumothorax while per-
forming trigger point injections in the paraspinal muscles 
through visualization of the needle tip within muscle layers, in 
patients with significant rotatory scoliosis of the thoracic 
spine.

MRI: In degenerative spine with scoliosis, additional 
findings including stenotic central canal and foraminal 
impingement can be identified and the extent of degenerative 
disk disease could be fully evaluated.

12.2.7  Treatment

12.2.7.1  Medical Management
In degenerative scoliosis, facet arthropathy and asymmetri-
cal muscle firing may lead to symptomatic scoliosis includ-
ing pain. In this group in particular, anti-inflammatories (oral 
or topical) and muscle relaxants may be used. Latter treat-
ment options include spinal manipulation, utilization of 
TENS unit, therapeutic massage, and rehabilitation efforts. 
Opioids are generally not indicated.

12.2.7.2  Bracing
Goal of bracing in scoliotic patients is to halt the progression 
of the curve before reaching skeletal maturity. Other goals 
include improving cosmetically and reducing the risk of pro-
longed symptomatic scoliosis (cardiopulmonary and pain). 
Examination, Cobb angle, Risser sign of skeletal maturity, 
and Tanner stages all play a role in the determination of 
bracing and the timing of it (Table 12.3).

Effectiveness of bracing in early nonoperative manage-
ment has been established by BrAIST RTC study, level 1 
research [17, 18]. It was demonstrated that 18  hours/day 
bracing was approximately 72% successful in halting curve 
progression as compared to 48% in the control arm that 
received no brace and was simply observed. There was a sig-
nificant positive association between hours of brace wear 
and rate of treatment success.

Braces are customized to the patient. Brace type and 
extent of bracing depend on type of curvature (single versus 
L-shaped and with segment of spine). The most common 
type of brace is TLSO (thoracolumbosacral orthosis) appro-
priate for thoracolumbar S-shaped curvature. Several types 
are available, and research projects have been done to com-
pare efficacy. These braces include the Boston brace, the 
Wilmington brace, Charleston brace, and the Providence 
brace. Ultimate success will lie on proper customization/fit-
ting, proper monitoring, and compliance of the patient with 
the brace.

Table 12.3 Scoliosis Research Society recommended criteria for 
bracing in idiopathic scoliosis

RISSER sign Curve (in degree) Action
0–1
0–1

0–20
20–40

Observe
Brace

2–3
2–3

0–30
30–40

Observe
Brace

0–3
0–3

40–50
Over 50

Gray
Surgery
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12.2.7.3  Rehabilitation
Several systematic reviews, including a Cochrane system-
atic review on the effects of exercises for scoliosis, report 
promising results, some showing improved neuromotor 
control, respiratory function, back muscle strength, and cos-
metic appearance [19, 20]. Exercises are individualized 
according to patient needs, curve pattern, and treatment 
phase. A large cohort study of patients with scoliosis 
(N = 813) showed that after a course exercise program vital 
capacity and chest wall expansion were improved [20, 21]. 
Engagement in frequent and regular sport activity has been 
confirmed as a positive component in helping to minimize 
curves in young patients [20].

Physiotherapy Scoliosis Specific Exercises (PSSEs) have 
been used in the USA in conjunction with spinal orthotic 
management in the treatment of progressive idiopathic sco-
liosis. The combination of the two modalities may offer 
advantages over more simplified treatment plans. PSSEs 
have also been applied for adult patients with pain associ-
ated with scoliosis. According to the 2016 Society on 
Scoliosis Orthopaedic and Rehabilitation Treatment 
(SOSORT) consensus and guidelines, the common princi-
ples of PSSE involve autocorrection, elongation, and chest 
wall expansion with the integration of the “corrected” pos-
ture into daily life activities. SOSORT also endorses usage 
of exercises in the postsurgical rehabilitation period. It has 
been reported that patients who experience pain 10 or more 
years after scoliosis surgery can reduce the pain frequency 
through a multimodal treatment including stabilizing pos-
tural and respiratory exercises [22].

Other “schools” of scoliosis physiotherapy have evolved, 
Schroth technique, Schroth-Barcelona School, SEAS in 
Italy, and DoboMed and FITS in Poland all of which incor-
porate exercise-based treatment.

12.2.7.4  Procedures
Myofascial pain in the paraspinal muscles adjacent to the 
scoliotic region could be addressed with trigger point 
injections.

Pain from degenerative facet in the context of scoliosis 
can be treated with standard treatments for facet-mediated 
pain including RF ablation of medial branches.

12.2.7.5  Surgery
Severe and/or progressive scoliosis often needs surgery. 
Criteria for surgical care are outlined in Scoliosis Research 
Society Recommendations. This includes curves greater than 
50° progressing even after skeletal maturity, curves of greater 
magnitude causing loss of pulmonary function, and much 
greater curves causing respiratory failure. Posterior fusion 
with instrumentation has been a standard surgical treatment 

for scoliosis using Harrington rods. In modern instrumenta-
tion systems, anchors are used to connect the rod and the 
spine, resulting in better correction and less frequent implant 
failures. Segmental pedicle screw constructs or hybrid con-
structs using pedicle screws, hooks, and wires are commonly 
done today [20]. For details for surgical management in 
spine, see Chaps. 15 and 16.
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Spine Dislocations and Fractures

Andrew Hecht and Jonathan S. Markowitz

13.1  Cervical Spine Trauma and Injuries

13.1.1  Synonyms

• Odontoid fracture
• Jefferson fracture
• Hangman’s fracture
• Clay-shoveler fracture
• Facet dislocation

13.1.2  ICD 10 Code

• Dislocation of unspecified cervical vertebrae, initial 
encounter S13.101A

• Unspecified fracture of cervical vertebra 
S12.000A-S12.600A

• Spondylosis without myelopathy or radiculopathy, cervi-
cal region M47.812

13.1.3  Description

Cervical spine fractures often result in significant morbidity 
and mortality. The yearly incidence of cervical spine frac-
tures has been reportedly increasing and is reported to be as 
high as 640 cases per one million individuals [1]. The most 
prevalent mechanisms of cervical spine injuries described in 
the literature are motor vehicle accidents (MVAs) and/or 
falls. Cervical spine injuries occur in a bimodal distribution 
with an increased incidence in patients younger than 25 and 

older than 65  years old. Cervical spine injuries occur in 
3–5% of all blunt trauma victims of which less than 25% 
sustain a spinal cord injury (SCI) [2, 3]. Fractures of C2, the 
axis, make up 27% of all cervical spine injuries. Fractures of 
the odontoid process are the most common subtype of axis 
fractures and account for 35–78% of C2 fractures and 
10–15% of all cervical spine fractures [4]. The most com-
monly injured levels in the subaxial cervical spine occur at 
C6 and C7 [2]. Utilizing a systematic approach to appropri-
ately evaluate and treat those with suspected cervical spine 
injuries is critical to achieve the best possible outcomes.

Anatomy The cervical spine is comprised of 7 vertebral bod-
ies and 8 pairs of cervical nerve roots and can be divided into 
two main regions: the craniocervical junction, from the occiput 
(C0) joint to the axis (C2), and the subaxial cervical spine, 
which encompasses injuries from C3 to C7. The axis has peg-
like odontoid process, the dens, that projects itself superiorly 
from its body. The upper cervical spine contributes to a large 
proportion of overall cervical spine motion. The occipito-atlan-
tal articulation contributes to approximately 50% of overall 
cervical flexion extension, while the atlantoaxial articulation 
contributes to approximately 50% of overall cervical spine 
rotation. The stability about the C1–C2 joint is provided by the 
odontoid process, transverse atlantal ligament (TAL), paired 
alar ligaments, and the apical ligament. The TAL limits anterior 
translation of C1 on C2, while both the apical and alar liga-
ments limit rotation of the upper cervical spine.

The subaxial cervical spine has an overall lordotic align-
ment that slightly decreases with age. Vertebral body sizes 
increase as you travel caudally in the cervical spine. The spi-
nal ligaments are essential for both function and stability, and 
one must critically evaluate these structures when assessing a 
patient with a potential cervical spine injury. The anterior lon-
gitudinal ligament (ALL) and posterior longitudinal ligament 
(PLL) are ligaments that extend from C2 to the sacrum along 
the anterior and posterior vertebral bodies, respectively. 
While the ALL generally ends at C2, the PLL will travel 
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cephalad as the tectorial membrane and attaches at the base of 
the skull. The posterior ligamentous structures include the 
ligamentum flavum, facet joint capsule, and nuchal ligament, 
all of which are essential for cervical spine stability. The 
paired vertebral arteries typically run in the foramen transver-
sarium of C1 through C6 on both sides of vertebral bodies. 
The apex of the odontoid process is  generally supplied by 
branches of internal carotid artery, while the base is often sup-
plied from branches of vertebral artery. Due to this unique 
blood supply, a vascular watershed area exists between the 
apex and base of the odontoid, thus affecting the healing 
potential of certain odontoid fractures [5].

13.1.4  Clinical Presentation

The most prevalent mechanisms of cervical spine injuries 
described in the literature are motor vehicle accidents 
(MVAs) and/or falls. Classically, MVAs are high-energy 
injuries and patients often present with multiple injuries 
including head trauma, pelvic ring fractures, long bone frac-
tures, and chest contusions. Cervical spine injuries result 
from hyperflexion, hyperextension, axial loading, or rota-
tional forces. While higher velocity mechanisms usually 
equate with a greater risk of injury, low-energy falls in the 
elderly have been shown to have a mortality rate as high as 
25% [6]. Significant injuries can occur in patients with an 
ankylosed spine, and one should have a high degree of suspi-
cion for cervical spine fractures in this patient population, 
even after minimal trauma.

An alert and oriented patient with a cervical spine injury 
will often endorse neck stiffness or pain with or without neu-
rologic deficits. Fractures of C1, the atlas, account for 10% 
of all cervical spine fractures [7]. These fractures are gener-
ally classified based on the fracture location in the anterior 
arch, posterior arch, or lateral masses. A Jefferson fracture 
has a characteristic pattern of fractures in both the anterior 
and posterior arches of C1.

Odontoid fractures can be seen in low-energy falls in 
elderly patients and high-energy traumatic injuries in 
younger patients. Fractures of the odontoid process pose a 
unique challenge given a vascular watershed exists between 
the apex and the base of the odontoid. Odontoid fractures 
have been divided into 3 major types according to the clas-
sification of Anderson and D’Alonzo [8]. Type I is an avul-
sion of the odontoid tip by the alar ligaments. Type II occurs 
at the base of the odontoid process and represents the most 
common fracture type. Type III extends into the body of the 
axis and has good healing potential.

Traumatic spondylolisthesis of axis, colloquially referred 
to as a Hangman’s fracture, is the result of a high-energy 
trauma. In this injury pattern, hyperextension and axial load-
ing of the upper cervical spine cause bilateral fractures of the 

pars interarticularis, leading to anterior spondylolisthesis of 
the axis. This injury has been reported to make up 11–25% of 
all C2 fractures [9, 10].

Cervical facet dislocations most often occur as a result 
of a flexion/distraction injury to the cervical spine. This 
injury pattern causes failure of the posterior ligamentous 
elements and anterior displacement of the cephalad verte-
bral body relative to the caudal segment. Facet dislocation 
occurs when the inferior facet translates over the superior 
facet [Fig. 13.2].

Subaxial cervical spine injuries refer to injuries to the cer-
vical spine that affect C3 to C7. These injuries can be osse-
ous, ligamentous, or both. Fractures of the subaxial cervical 
spine include but are not limited to flexion teardrop and float-
ing pillar fractures as well as cervical spinous process frac-
tures, colloquially referred to as a clay-shoveler fracture. The 
most common classification used to describe cervical spine 
injuries is the subaxial injury classification system (SLIC)11. 
It takes into account 3 major aspects of injury; the morphol-
ogy, the disco-ligamentous complex, and the patient’s neuro-
logical status. In each category, points are awarded for 
abnormalities, where more points indicate a more severe 
injury, and the total score leads to a recommendation for sur-
gical or non-surgical treatment.

13.1.5  Physical Examination

In acute severe trauma, Advanced Trauma Life Support 
(ATLS) guidelines should be followed. After the manage-
ment of the airway, breathing, circulation, and all life- 
threatening injuries, a detailed history and physical 
examination should be performed. Paying particular atten-
tion to the mechanism of injury is important in identifying 
cervical injuries, as many injuries may be not be immedi-
ately evident. One should visually inspect the entire spine 
and palpate along the entire spinal column for tenderness, 
crepitus, and step-offs between spinous processes. A com-
plete neurologic examination, one that examines cognitive 
function, cranial nerves, and motor and sensory functions of 
all extremities, which reflexes along with pathologic reflexes 
must be performed. The corresponding muscle group and 
sensory distribution for each cervical spinal root should be 
assessed. C3 to C4 contributes to breathing by controlling 
the muscles of the diaphragm and sensation to the lateral 
aspects of the face and posterior portion of the head. Patients 
with an injury to this area of the cervical spine can complain 
of difficulty breathing. Symptoms indicating neurological 
deficits at any level can include weakness or paralysis of 
innervated muscle group, decreased or absent reflexes, loss 
of sensation, and/or proprioception. Patient’s neurologic 
function should be documented according to the American 
Spinal Injury Association (ASIA) standards (Fig.  13.1). 
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Perianal and anal sensation, both volition and resting rectal 
tone assessed by a digital rectal examination, as well as the 
bulbocavernosus reflex must be assessed and documented in 
anyone presenting with a suspected spinal injury. An absent 
bulbocavernosus reflex indicates that spinal shock is still 
present and the true extent of neurologic impairment may not 
be fully appreciated.

13.1.6  Diagnostic Workup

X-Ray Historically, a single cross-table lateral radiograph 
was commonly used as a screening tool for cervical spine 
trauma. A major limitation in using plain radiographs as a 
screening tool includes the inherent difficulty in assessing 
discoligamentous injuries and the cervicothoracic junction 
(C7 to T1). This is particularly difficult in patients with a 
large body habitus, as it is often hard to visualize anatomy 
at this level. When evaluating a lateral cervical spine radio-
graph, one should pay close attention to prevertebral soft 
tissue swelling and overall sagittal alignment. Sagittal 
alignment can be assessed by critically evaluating four 
imaginary parallel lines; the anterior vertebral line, which 

is formed by the anterior margin of the vertebral bodies, 
the posterior vertebral line, which is formed by the poste-
rior margin of the vertebral bodies, the spinolaminar line, 
which is formed by the posterior margin of the spinal canal 
or the anterior cortical margin of the lamina, and lastly the 
posterior spinous line, which is a continuous line about the 
tips of the spinous processes. These four radiographic lines 
should follow a smooth, slightly lordotic curve without 
step-offs. Any malalignment should be considered evi-
dence of bony or ligamentous injury. While flexion–exten-
sion radiographs are commonly used to evaluate cervical 
spine instability, they are not generally obtained in the 
acute setting. In an alert patient, an open-mouth odontoid 
view can be obtained to assess for odontoid fractures and a 
compromised TAL.  Combined lateral mass displacement 
should be <6.9  mm, otherwise a TAL injury is assumed 
and the injury pattern is considered unstable [11]. 
Unilateral facet dislocations are often associated with facet 
fractures. In a unilateral facet dislocation, plain radio-
graphs may demonstrate up to 25% vertebral body sublux-
ation, whereas in bilateral facet dislocations, one can see 
about 50% vertebral subluxation.

Standard neurological classification of spinal cord injury

    TOTALS

(MAXIMUM) (50)   (50)      (100)

MOTOR

KEY MUSCLES

Elbow flexors
Wrist extensors
Elbow extensors
Finger flexors (distal phalanx of middle finger)
Finger abductors (little finger)

0 = total paralysis
1 = palpabfe or visible contraction
2 = active movement,

gravity eliminated
3 = active movement,

against gravity
4 = active movement,

against some resistance
5 = active movement,

against full resistance
NT = not testable

Hip flexors
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Ankle dorsiflexors
Long toe extensors
Ankle plantar flexors

Voluntary anal contraction (Yes/No)
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TOUCH
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PRICK

SENSORY
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0 = absent
1 = impaired
2 = normal
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Fig. 13.1 American Spinal Injury Association (ASIA) form (From American Spinal Injury Association: International Standards for Neurological 
Classification of Spinal Cord Injury with permission of American Spinal Cord Injury Association, Chicago, IL)
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Computer Tomography Studies have demonstrated that 
plain radiographs were missing a significant number of inju-
ries [12, 13], and as a result, CT with sagittal and coronal 
reconstruction has largely replaced plain radiograph in the 
initial assessment of cervical spine trauma. Careful attention 
must be paid to the presence of fractures and altered relation-
ships between the basion, occipital condyles, dens, atlas, and 
axis. Craniocervical instability can be evaluated using the 
Harris lines rule of 12 [14]. Transverse atlantal ligament 
(TAL) injury and C1–C2 instability can be evaluated by 
measuring the atlantodental interval (ADI), measured as the 
distance between the anterior odontoid cortex and the poste-
rior cortex of the anterior arch of C1. An ADI > 3.5 mm in 
adults or 5  mm in children indicates possible C1–C2 
instability.

MRI MRI is useful in assessing the intervertebral disc, liga-
mentous structures, and spinal cord. Magnetic resonance is 
not recommended as an initial screening tool in the workup 
of patients with cervical spine trauma as it has been shown 
that MRI is not cost-effective as a screening device in patients 
without neurologic deficits [15]. An MRI is indicated for 
patients with neurologic deficits, those with suspected liga-
mentous injuries and those that will require operative inter-
vention in order to help with operative planning.

13.1.7  Treatments

Treatment algorithms for cervical spine injuries take into 
consideration the stability of the fracture pattern, potential 
for healing, fracture displacement, patient age, associated 
injuries, and the patient’s neurological status. Generally, in 
the acute setting patients should be placed in a cervical collar 
and transfers should be minimized.

13.1.7.1  Medical Management
Non-operative treatment with a cervical spine orthosis is a 
common, definitive treatment for many spine injuries. This 
treatment modality is indicated for those with stable frac-
tures that are likely to heal without surgical fixation or those 
patients who are not surgical candidates. Various cervical 
orthosis options exist, including soft collar, hard collar (i.e. 
Aspen Collar [Aspen Medical Products], Miami J [Össur]) 
cervicothoracic brace, and halo vests. When utilizing an 
orthosis to definitively treat a cervical spine injury, one 
should follow some general principles. A trained orthotist 
should fit the patient for the brace. The orthosis must control 
head mandible motion relative to the thorax. Twice daily skin 
checks should be ordered to assess for any skin irritation or 
breakdown. The patient, family, and nursing staff should be 
educated on the intricacies of the brace. Prolonged use of a 
poorly fitted collar can cause pressure ulcers. The use of halo 

vests in the elderly population should be used with caution as 
this treatment option has been associated with significant 
complications such as aspiration, pneumonia, and death [16]. 
Serial radiographs should be obtained while in the brace to 
assess for overall alignment, increasing cervical kyphosis, 
and/or subluxation. We generally recommend that follow-up 
radiographs are obtained at the 2-, 6-, and 10-week marks. 
Any change in the patient’s neurological status or overall 
alignment on serial radiograph may be an indication to pur-
sue operative intervention.

TAL injuries are often subclassified into intrasubstance 
tears vs. bony avulsion injuries at TAL insertion [17]. Bony 
avulsion injures of the TAL are generally treated non- 
operatively in a rigid cervical collar for up to 3 months. The 
optimal treatment for odontoid fractures remains controver-
sial as there are many contributing factors, including fracture 
location and risk for non-union and patient age. Avulsion 
fractures of the odontoid apex and fractures through its base 
when treated with a cervical orthosis generally have good 
outcomes. Treatment of bilateral fractures of the pars interar-
ticularis of C2, a traumatic spondylolisthesis of axis, is based 
on both the fracture displacement and whether there is inter-
vertebral disc disruption making it grossly unstable. Fracture 
patterns that do not require surgery can be treated with a rigid 
cervical collar for 4–6 weeks or closed reduction followed by 
halo immobilization for 8–12 weeks. Cervical spinous pro-
cess fractures are generally treated non-operatively with 
NSAIDs, rest, and immobilization in hard collar for comfort.

13.1.7.2  Rehabilitation
Physical therapy is important for those who sustain cervical 
spine trauma. Rehab protocols for cervical spine injuries 
vary drastically, and there is insufficient research on specific 
structured exercise programmes. Physical therapist will work 
with patients on range of motion and strengthening exer-
cises, functional training, and postural education. Therapists 
will also provide patients with aerobic conditioning and 
home exercises programmes. In cases where patients sustain 
spinal cord injuries, therapists help maximize sensory and 
motor function recovery, prevent secondary complications, 
and help patients reintegrate into society.

13.1.8  Procedures

Closed reduction of cervical facet dislocation: The treatment 
of unilateral facet dislocations remains somewhat controver-
sial, although most agree that closed reduction should be 
attempted. The ultimate goal of a closed reduction of a facet 
dislocation is to realign the facets and relieve any compres-
sion on the spinal cord or nerve roots. A closed reduction is 
usually attempted in an awake and cooperative individual 
where serial neurologic assessments can be performed 
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throughout the procedure. Close reduction requires pharma-
cological sedation and muscle relaxation, mechanical trac-
tion, and repetitive radiographic evaluation. The patient is 
placed supine, and Gardner wells tongs are applied in the 
appropriate position. Traction weights of 10–15  lb are ini-
tially used to help with distraction. Gradual increase in axial 
traction is accomplished with the addition of weights in 
5–10 lb. increments until a successful reduction is visualized 
(Fig. 13.2). It is important to perform serial neurologic and 
radiographic examinations after the addition of each weight. 
The procedure should be aborted with any change in a 
patient’s neurologic status, and an MRI should be obtained 
immediately. After successful closed reduction, patients are 
generally treated with a cervical orthosis or a halo vest.

13.1.9  Surgery

Surgical intervention is indicated in unstable fracture pat-
terns and those with neurologic injuries. Occipitocervical 
dissociation requires a posterior occipitocervical fusion. 
Combined lateral mass displacement that is >6.9 mm gener-
ally indicates an TAL injury that is considered unstable. 
These patients require a posterior C1–C2 fusion or an occipi-
tocervical fusion. C1–C2 fusion can be achieved in a variety 
of ways, either through posterior wiring or transarticular 
screw fixation. Fractures through the odontoid waist have a 
more tenuous healing potential given that it is a true synovial 
joint and any amount of displacement in this area signifi-
cantly decreases bony apposition. Generally, fractures 
through the odontoid waist are treated with surgical fixation 

via anterior odontoid screw or a C1–C2 posterior fusion 
depending on the fracture morphology. Bilateral fractures of 
the pars interarticularis of C2 that do require surgery either 
undergo a C2–C3 ACDF, posterior C1–C3 fusion, or bilat-
eral C2 pars screw osteosynthesis. In unilateral facet fracture 
dislocations, displacement may occur when there is a frac-
ture that is >40% of the facet. These fracture dislocations are 
generally considered unstable and require open reduction 
and surgical stabilization usually via an anterior cervical dis-
cectomy and fusion. Bilateral facet dislocations are associ-
ated with disruption of the posterior osteoligamentous 
complex and by definition are considered unstable. Open vs. 
closed reduction must be performed, and operative stabiliza-
tion is achieved with an anterior or posterior fusion. Flexion 
teardrop injuries are almost universally considered unstable 
and generally require surgical intervention with both anterior 
and posterior fusions with or without a corpectomy. Cervical 
spinous process fractures that experience a symptomatic 
non-union, surgical excision of the affected spinous pro-
cesses can be considered. Chapters 15 and 16 contain more 
information on spine surgery.

13.2  Thoracic and Lumbar Vertebral 
Fractures

13.2.1  Synonyms

Compression fracture
Burst fracture
Chance fracture

ba c

Fig. 13.2 Closed reduction of C6–C7 facet dislocations: (a) distraction with 30 pounds of weight, (b) complete distraction at 60 pounds, (c) suc-
cessful reduction of C6–C7 facet dislocation
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13.2.2  ICD 10 Code

Unspecified fracture of thoracic vertebra 
S22.019A-S22.089A

Unspecified fracture of unspecified lumbar vertebra 
S32.009A - S32.059A

Age-related osteoporosis with current pathological frac-
ture, vertebra(e) M80.08XA

13.2.3  Description

Thoracolumbar (TL) spine fractures are common injuries 
that can result in significant disability, deformity, and neuro-
logical deficits. TL fractures range from low-energy insuffi-
ciency and fragility fractures to high-energy fractures and 
dislocations. In one series, 4.4% of all patients arriving at a 
level I trauma centre were eventually diagnosed with a TL 
fracture [18]. Injuries of the thoracic and lumbar spine are 
generally grouped anatomically, as pure thoracic (T1–T9), 
thoracolumbar (T10–L2), and low lumbar (L3–L5). Among 
TL injuries, about 50–60% affect the transitional zone (T11–
L2), 25–40% affect the thoracic spine, and 10–14% involve 
the lower lumbar spine and sacrum [19]. TL fractures are 
generally classified by fracture morphology including com-
pression, distraction, or translational-rotational injuries. 
Utilizing a systematic approach to appropriately evaluate 
and treat those with suspected thoracolumbar spine injuries 
is critical to achieve the best possible outcomes.

Anatomy The thoracic spine is composed of 12 vertebra and 
12 paired spinal roots, while the lumbar spine is composed of 
5 vertebra and 5 paired spinal roots. The thoracic spine is 
kyphotic and has some inherent stability afforded to it from 
the surrounding rib cage making this region of the spine rela-
tively rigid. The narrow spinal canal in the region of the tho-
racic spine influences the high incidence of neurological 
deficits when an injury occurs at this level. Facet orientation 
dictates the principal motion of both the thoracic and lumbar 
spine. In the thoracic spine, the facets are generally oriented 
in the coronal plane allowing for mainly axial rotation. The 
lumbar spine exhibits an overall lordotic sagittal alignment. 
The facets in the lumbar spine are generally oriented in the 
sagittal plane allowing for maximal flexion and extension. 
The PLC, composed of the facet joint capsule, the interspi-
nous ligament, supraspinous ligament, and ligamentum fla-
vum, is important in overall spinal column stability, and its 
integrity must be assessed when evaluating patients with TL 
injuries. This soft tissue complex limits the spine from exces-
sive flexion, distraction, translation, and rotation. The TL 
junction, T12–L1, is a transition point from the relatively 
rigid thoracic spine to the more mobile lumbar spine. As a 
result, this junction experiences a lot of stress and is more 
susceptible to injury than other levels.

13.2.4  Clinical Presentation

TL injuries range from low-energy insufficiency and fragil-
ity fractures to high-energy fractures and dislocations. 
Patients who present after a ground-level fall often complain 
of back pain and pain with ambulation. Those who experi-
ence TL injuries due to high-energy blunt trauma are often 
present with other distracting injuries such as head trauma, 
long bone fractures, pelvic ring injuries, intra-abdominal vis-
ceral injuries, rib fractures, and pneumo-hemothoraxes. The 
incidence of missed injuries of the TL spine has been reported 
to be as high as 20%, especially in those who present with an 
altered mental status after high-energy blunt trauma [20].

The most commonly used classifications to assess TL 
injuries include the thoracolumbar injury classification and 
severity (TLICS) scale [21] and the AO spine classification 
of thoracolumbar injuries. Both these classification systems 
attempt to predict the injury pattern’s overall stability, natu-
ral history, and need for surgery. A numerical score is given 
to each category based on the injury morphology, neurologic 
status, and competency of the posterior ligamentous com-
plex (PLC) (Fig. 13.3).

Compression fractures are the result of axial compression 
and subsequent failure of the anterior column of the vertebral 
body. In this injury pattern, the posterior column is generally 
spared. If an injury to the posterior column is present, one 
should consider a more significant injury such as a flexion–
distraction injury. Burst fractures also result from an axial 
compression mechanism but are characterized by failure of 
both the anterior and middle columns with retropulsion of 
bone fragments into the spinal canal. This fracture pattern is 
distinguished from compression fractures in that the middle 
column, which includes the posterior portion of the vertebral 
body, is fractured as well (Fig. 13.4). Flexion-distraction inju-
ries, also referred to as chance fractures or chance variants, 
are characterized by a horizontal fracture extending through 
the spinous process, the lamina, and pedicle into the vertebral 
body [22]. Flexion-distraction injuries may be entirely osse-
ous, entirely discoligamentous or a combination of the two. 
This injury classically occurs in MVA due to lap- belt restraints 
and is often associated with intra-abdominal injuries. The 
incidence of neurologic deficits in flexion- distraction injuries 
is estimated to be between 10% and15% [20].

13.2.5  Physical Examination

In acute severe trauma, Advanced Trauma Life Support 
(ATLS) guidelines should be followed. After the manage-
ment of the airway, breathing, circulation, and all life- 
threatening injuries, a detailed history and physical 
examination should be performed. Patients should be log 
rolled onto their side in a controlled manner and one should 
inspect and palpate the back for any swelling, palpable 
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subcutaneous fluid, crepitus, bony malalignment, and step-
offs. A formal neurologic examination should examine 
strength, sensation, and reflexes of both the upper and lower 
extremities. Perianal and anal sensation, both volition and 
resting rectal tone assessed by a digital rectal examination, as 
well as the bulbocavernosus reflex must be assessed and doc-
umented in anyone presenting with a suspected spinal injury. 
The bulbocavernosus reflex is a well-known somatic reflex 
that is useful for gaining information about the state of the 
sacral spinal cord segments. An absent bulbocavernosus 
reflex indicates that spinal shock is still present and the true 

extent of neurologic impairment may not be fully appreci-
ated. In high-energy trauma, one should pay careful attention 
to the presence of overt occult blood in the urethral meatus, 
rectum, or vaginal vault.

13.2.6  Diagnostic Workup

X-Ray AP and lateral radiographs of the thoracic and lum-
bar spine can be used as an initial screening tool for sus-
pected TL spine trauma. The anteroposterior radiograph 

1 Morphology

- Compression
- Burst
- Translation/rotation
- Distraction

1
2
3
4

- Assess on Xray or CT

2 Integrity of PLC
- Intact 
- Suspected
- Injured

0
2
3

- Assess on MRI

3 Neurological Status

- Intact
- Nerve root
- Complete cord
- Incomplete cord
- Cauda Equina

0
2
2
3
3

- Assess on physical exam

Predicts -  Need for surgery
0-3
4
>4

- Non-surgical
- Surgeon’s choice
- Surgical

The Thoraco-Lumbar Injury Classification and Severity score (TLICS)
3 Independent Predictors

Fig. 13.3 Thoracolumbar 
injury classification and 
severity score (TLICS) is a 
classification system for 
thoracolumbar spine injuries, 
designed to assist in clinical 
management

a b c

Fig. 13.4 (a) Lateral radiograph demonstrating compression fracture 
of the L1 and L2 vertebral bodies’ superior endplate with approxi-
mately 25% vertebral body height loss, (b) sagittal CT scan demonstrat-

ing burst fractures of the T3 and T4 vertebral bodies, (c) axial CT scan 
demonstrating large T4 and retropulsed fracture fragments leading to 
central canal stenosis
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should be used to assess the interpedicular distance, overall 
coronal alignment, and the presence or absence of rib and 
transverse process fractures. When evaluating the lateral 
radiograph, one should examine the vertebral body height/
width and overall sagittal alignment. The anterior and poste-
rior vertebral body margins should have an overall contigu-
ous alignment with the cranial and caudal vertebral bodies. 
One should also pay close attention to the radiographic find-
ings commonly seen in patients with an ankylosed spine 
such as ankylosing spondylitis (AS) or diffuse idiopathic 
skeletal hyperostosis (DISH). In this patient population, if 
there is not an obvious fracture on plain radiographs, 
advanced imaging such as a CT should be obtained.

Computed Tomography Similar to cervical spine trauma, 
CT has generally supplanted XR in the initial evaluation of 
TL trauma. Studies have shown that CTs more reliably diag-
nose TL spine fractures than XR [23].

MRI MRI is generally used as an adjunct to CT given the 
cost and logistics associated with obtaining one. MRI can aid 
in understanding the severity of one’s injury and should be 
obtained in a patient with neurological deficits. This imaging 
modality is particularly useful in assessing the extent of spi-
nal cord, disc, and ligament injury and delineates the pres-
ence of oedema, hematoma, cord compression, and neural 
root compression. MRI is used to help assess the integrity of 
the PLC. Definite PLC injury is defined as loss of low signal 
intensity of the ligamentum flava or supraspinous ligaments 
on T1 and T2, while high signal intensity of the interspinous 
ligaments or along the facet joint on T2 STIR may be indica-
tive of PLC injury.

13.2.7  Treatments

13.2.7.1  Medical Management
The appropriate type of non-operative treatment, the indica-
tions for surgical management, the timing of surgery, surgi-
cal approach, and the role of spinal canal decompression are 
debated. The use of steroids in the acute treatment of those 
with spinal cord injuries is controversial, and the initial posi-
tive results presented in the North American Spinal Cord 
Injury Study (NASCIS) have been criticized.

The role of bracing in thoracolumbar trauma is contro-
versial. When bracing is indicated, it provides relative 
immobilization of the spine above and below the level of the 
injury. Injuries to the mid-to-low thoracic and upper lumbar 
spine that are amenable to non-operative intervention can be 
treated with a standard thoracolumbar orthosis. Injuries to 
the lower lumbar spine are more difficult to immobilize 
because of the difficulty immobilizing the segments caudal 
to the lumbosacral junction. These injuries often require a 

thoracolumbosacral orthosis that occasionally incorporates 
one of the thighs in order to maximize stability. When utiliz-
ing an orthosis to definitively treat a TL injury, one should 
follow some general principles. A trained orthotist should fit 
the patient for the brace. Once the brace is fitted, erect radio-
graphs should be obtained to assess fracture stability and 
alignment in the brace. Serial radiographs should be 
obtained while in the brace to assess for overall alignment, 
increasing kyphosis, and/or subluxation. We generally rec-
ommend that follow-up radiographs are obtained at the 2-, 
6-, and 10-week marks. Any change in the patient’s neuro-
logical status or overall alignment on serial radiograph may 
be an indication to pursue operative intervention. We 
strongly advise patients to wear the brace whenever out of 
bed and to refrain from any bending, lifting, and twisting 
(BLT). We begin weaning the brace once there is both clini-
cal and radiographic evidence of fracture healing. Upon dis-
continuation of the brace, we obtain flexion extension 
radiographs to ensure that there is no evidence of dynamic 
instability.

Compression fractures are inherently stable and gener-
ally not associated with severe neurological insult. As a 
result, these fractures are commonly treated non-opera-
tively. In these injuries, bracing is not needed for stability 
but can be used for comfort. The severity of burst fractures 
exists on a spectrum from stable to unstable burst fractures. 
While the definition of stability is controversial, factors that 
guide treatment include the presence or absence of neuro-
logical injury, degree of angular kyphosis, and vertebral 
body height loss at the level of the injury, the integrity of 
the PLC, and the extent of spinal canal compromise. Some 
authors have advocated for bracing treatment in patients 
who are neurologically intact with less than 30° of angular 
kyphosis and 50% vertebral body height loss at the injured 
level and no injury to the PLC [24, 25]. Other randomized 
controlled trials assessing bracing in stable thoracolumbar 
burst fractures in neurologically intact patients have shown 
that bracing may not offer any clinical or radiographic 
advantage over mobilization without a brace [26, 27]. 
Osseous flexion distraction injuries are generally amenable 
to bracing in TLSO brace, while discoligamentous injuries 
are more likely to require surgery as the PLC does not reli-
ably heal well.

13.2.7.2  Rehabilitation
There is no consensus on the rehabilitation protocols for 
patients with thoracolumbar trauma. Physical therapists will 
work with patients on range of motion and strengthening 
exercises of the back, and abdominal and leg musculature. 
Functional training, postural education, aerobic condition-
ing, and home exercises programmes will be provided for 
patients. Therapists will also assist patients with soft tissue 
mobilization as needed for areas of soft tissue restriction or 
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muscle guarding. In cases where patients sustain spinal cord 
injuries, therapists help maximize sensory and motor func-
tion recovery, prevent secondary complications, and help 
patients reintegrate into society.

13.2.8  Procedures

Vertebroplasty/kyphoplasty: Both vertebroplasty and kypho-
plasty have been used in the treatment of osteoporotic com-
pression fractures to address both progressive kyphotic 
deformity and persistent pain that is refractory to non- 
surgical management. While both of these modalities involve 
percutaneous fluoroscopic or CT-guided injection of poly-
methylmethacrylate (PMMA) into the vertebral body, kypho-
plasty attempts to elevate the endplate and restore vertebral 
height. These interventions are described in detail in the 
osteoporosis chapter.

13.2.9  Surgery

The goals of surgical intervention for TL injuries are to 
achieve and maintain anatomic reduction and stability of 
the fracture, minimize construct length while providing 
sufficient stability to allow for early mobilization, achieve 
neural element decompression when necessary, and mini-
mize complications. While non-operative treatment is gen-
erally recommended for compression fractures, surgical 
intervention for this fracture pattern can be considered in 
the setting of significant kyphosis and/or vertebral height 
loss, although the degree of deformity or vertebral body 
height loss is debated in the literature. When surgery is 
indicated, posterior spinal fusion with pedicle screw and 
rod fixation is the traditional mode of treatment. Patients 
who experience a burst fracture with associated neurologic 
injury or PLC disruption are best treated surgically in order 
to maximize the chance for neurologic recovery, prevent 
further neurologic deterioration, and allow for early mobi-
lization. Surgical approaches vary depending on the frac-
ture morphology and need for decompression but can be 
accomplished from both anterior and posterior approaches. 
Unstable flexion-distraction injuries are generally treated 
via a posterior spinal fusion with pedicle screw and rod 
constructs.

13.3  Spondylolysis and Spondylolisthesis

13.3.1  Synonyms

Vertebral body slippage
Pars interarticularis fracture

13.3.2  ICD 10 Code

Spondylolisthesis, acquired M43.10
Spondylolisthesis, congenital Q76.2
Spondylolysis, lumbosacral region M43.07

13.3.3  Description

Lumbar spondylolysis and spondylolisthesis are often identi-
fied in the evaluation of patients with low back pain. 
Spondylolysis refers to an anatomical defect or fracture of 
the pars interarticularis of the vertebra. The pathology seems 
to be rare in patients under 5 years old, but by the age of 6 the 
reported prevalence of isthmic spondylolysis is 4.4%, which 
increases to 6% by adulthood [28]. While studies have dem-
onstrated that there may be a mechanical aetiology to the 
development of isthmic spondylolysis, other studies suggest 
that spondylolysis may have a genetic predisposition as 
spondylolysis occurs in 15–70% of first-degree relatives of 
individuals with this disorder [29, 30]. Spondylolysis can 
progress to spondylolisthesis, which is defined as anterior 
displacement of the vertebral body in reference to the bor-
dering vertebral bodies. The risk of progression to spondylo-
listhesis is greater if the pars interarticularis defect is bilateral 
rather than unilateral. There are six broad categories of spon-
dylolisthesis, which include dysplastic, isthmic, degenera-
tive, traumatic, pathologic, and iatrogenic [31]. Both 
spondylolysis and spondylolisthesis vary in their presenta-
tions and require the application of both conservative and 
surgical treatment strategies.

Anatomy The lumbar spine is composed of 5 vertebra and 5 
paired spinal roots. The lumbar spine exhibits an overall lor-
dotic sagittal alignment, and their facets are generally ori-
ented in the sagittal plane, allowing for maximal flexion and 
extension. The pars interarticularis is a small segment of 
bone that lies between the superior and inferior articular pro-
cesses bilaterally at each vertebral level.

13.3.4  Clinical Presentation

Spondylolysis is usually asymptomatic and may be found 
incidentally on standard radiographic imaging. Those who 
are symptomatic tend to endorse pain after an inciting event 
and usually present with focal, dull, aching, non-radiating 
lower back pain that is exacerbated with back extension. 
Biomechanical studies have shown that repetitive hyperex-
tension stress to the pars interarticularis is a risk factor for 
spondylolysis, and as a result, this pathology is commonly 
seen in athletes such as football linemen, divers, gymnasts, 
and weight lifters. Spondylolysis occurs at the L5 vertebrae 
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between 85% and 95% of the time and at L4 vertebrae 
between 5% and15% of the time [32]. Degenerative spondy-
lolisthesis occurs mostly at the L4–L5 level, as opposed to 
isthmic spondylolisthesis, which occurs most often at L5–S1 
[31]. Progression of spondylolisthesis after the age of 
20 years is much less common than progression during child-
hood and adolescence. Patients with degenerative spondylo-
listhesis often complain of axial back pain and endorse 
bilateral radicular symptoms more commonly than unilateral 
radiculopathy. Classically, patients present with symptoms 
associated with L5 nerve root compression, including pain 
radiating to the buttocks and posterior thigh and/or weakness 
of the extensor hallucis longus. Spondylolysis with spondy-
lolisthesis may result in significant neuroforaminal compres-
sion. Those with low-grade slips may present with 
intermittent radiculopathy. In patients who have central ste-
nosis, neurogenic claudication may be their presenting 
symptom. These patients often report their claudicatory or 
radicular symptoms are relieved with forward flexion, and 
therefore, they prefer to stand with a kyphotic lumbar pos-
ture in order to relieve pressure off of the nerve roots.

13.3.5  Physical Examination

Patients should undergo a comprehensive neurologic exami-
nation that examines strength, sensation, and reflexes of both 
the upper and lower extremities. In acute cases of spondyloly-
sis, palpation of the lumbar spine may reveal focal tender-
ness. Patients generally maintain full painless flexion, but 
hyperextension tends to exacerbate one’s symptoms. A single 
leg hyperextension test can be performed to help differentiate 
between unilateral and bilateral lysis. This test is performed 
by asking the patient to bear weight on one leg while flexing 
the hip and knee of the contralateral leg and hyperextending 
the lumbar spine. If the patient experiences asymmetrical 
lower back pain, this generally indicates a unilateral spondy-
lolysis. Patients with spondylolysis generally present with a 
grossly unremarkable neurological examination.

Patients with high-grade spondylolisthesis often ambulate 
and stand with increased flexion at the hips and knees due to 
hamstring tightness. Scoliosis is often associated with spondy-
lolisthesis, and the evaluation of both the patient’s global coro-
nal and sagittal alignment should be included in the physical 
examination. Those with high-grade spondylolisthesis may 
present with a palpable step-off over the spinous processes.

13.3.6  Diagnostic Workup

X-ray: Standing posteroanterior and lateral radiographs of 
the thoracolumbar spine are most useful in performing an 
initial assessment to evaluate for potential spondylolysis or 

spondylolisthesis. The standard posteroanterior radiographic 
view allows evaluation of coexisting scoliosis and overall 
coronal alignment. The standing lateral view is useful in 
identifying spondylolytic defects and documenting the 
degree of spondylolisthesis. Isthmic spondylosis is visual-
ized as lucency in the region of the pars interarticularis. This 
lucency is commonly described as a broken neck of the 
Scotty dog (Fig. 13.5). The Meyerding classification quanti-
fies the amount of forward translation of the vertebral body 
in relation to the caudal vertebra based on the standing lateral 
radiograph. There are five grades of spondylolisthesis, with 
grade I < 25 per cent slippage, grade II 26–50% slippage, 
grade III 51–75% slippage, grade IV 76–100% slippage, and 
grade V over 100% slippage, and are referred to as spondy-
loptosis [33] (Fig. 13.6). The standing lateral radiograph is 
used to assess the slip angle, which quantifies the degree of 
lumbosacral kyphosis that has occurred in association with 
this anterior translation. Standing lateral flexion–extension 
views assess for the presence of any instability and are essen-
tial for further treatment planning.

Computed Tomography In patients whose plain radiographs 
are normal but the history and physical examination are 
strongly suggestive of the spondylolysis, thin-cut axial CT is 
highly effective for detecting such pathology. Thin section 
CT scans can aid with defining the bony anatomy, identifying 
dysplastic facets, quantifying the degree of cortical disrup-
tion, and identifying sclerosis at the pars, lamina, or pedicle.

MRI MRI is recommended in all cases with neurologic find-
ings. MRI is useful in assessing nerve root compression, 
lumbar disc, and spinal cord abnormalities. MRI offers the 

Fig. 13.5 Lateral radiograph of the lumbosacral spine demonstrating 
an L5 spondylolysis
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distinct advantage of identifying stress reactions at the par 
interarticularis early on in the disease process prior to the 
end-stage bony defect.

13.3.7  Treatments

Few clinical trials exist that focus on the treatment of spon-
dylolysis making it difficult to determine a proper treatment 
algorithm for conservative and surgical treatment. Young 
patients with spondylolysis generally receive conservative 
management as their initial treatment, although the specific 
non-operative protocol depends on several factors including 
the degree of spondylolisthesis, laterality of the defect, dura-
tion of symptoms, and the patients’ age.

13.3.7.1  Medical Management
The initial treatment for spondylolysis focuses on rest to 
reduce pain and allow for bony union. We recommend that 
patients refrain from participating in sporting activities for at 
least 3 months. The effectiveness of antilordotic orthotics is 
debated. These braces are fabricated to prevent excessive 
hyperextension and rotation. Our preferred orthosis is a 
modified Boston brace, which is an anti-lordotic, total con-
tact, low-profile polyethylene orthosis that extends from just 
below the nipples to 1 inch above the trochanters. We recom-
mend the brace be worn for 23 hours/day for 6–12 weeks 

[34]. Early treatment with brace immobilization and PT has 
been shown to be more effective than bracing and beginning 
PT after an initial trial period of activity restriction [35, 36]. 
Studies have shown that in young patients with spondyloly-
sis, there are no significant differences in functional out-
comes and pain levels at 1 year between those who undergo 
non-operative vs. operative treatment [37]. After patients 
experience complete symptom relief and no pain with lum-
bar hyperextension, we wean them out of the orthosis and 
allow them to ease back into sports over a 2-month course 
while progressing with physical therapy.

While patients with low-grade dysplastic spondylolisthe-
sis due to facet hypoplasia and high-grade isthmic spondylo-
listhesis are less likely to respond to conservative management 
than patients with low-grade isthmic spondylolisthesis, con-
servative therapy should still be initially attempted.

13.3.7.2  Rehabilitation
Early involvement of physical therapy is encouraged in the 
management of patients with lower back pain, neurogenic 
claudication, and/or radiculopathy. The goals of physical 
therapy are to reduce pain, to restore range of motion and 
function, and to strengthen and stabilize the spine.

Physical therapy activities may be active or passive. In the 
acute setting passive techniques such as massages, thermal 
therapy, and ultrasound are used to help ameliorate acute 
symptoms and encourage participation in active portion of 
physical therapy. The Watkins–Randall protocol is our pre-
ferred physical therapy protocol. Both passive and active 
ranges of motion exercises are encouraged. We generally 
recommend flexion exercises rather than extension exercises 
[38, 39] and isometric back and deep abdominal musculature 
strengthening [40].

13.3.8  Procedures

Epidural steroid injections (ESIs): ESIs should be consid-
ered in those who fail a reasonable course of therapy. ESI 
involves delivery of a corticosteroid solution, such as meth-
ylprednisolone, either in the interlaminar space or the trans-
foraminal nerve root. While no studies have evaluated the 
effectiveness of epidural steroid injections in patients with 
degenerative spondylolisthesis alone, multiple studies have 
shown that patients with spinal stenosis can expect improve-
ment in their pain and functional measures [41].

13.3.9  Surgery

Surgical management is indicated for patients with persistent 
pain, progressive spondylolisthesis, and neurologic symp-
toms despite conservative management. The goal of surgical 

Fig. 13.6 L4–L5 grade II spondylolisthesis based on the Meyerding 
classification. The Meyerding classification of spondylolisthesis classi-
fies the grade based on the amount of slippage of the superior vertebral 
body on the vertebral body below. Grade I indicates slippage from 5% 
to 25%; grade II is 26% to 50%; grade III is 51% to 75%; grade IV is 
more than 75%; and grade V is complete dislocation of adjacent verte-
brae, also called spondyloptosis
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intervention is to achieve neural decompression and stabili-
zation of the unstable segment with an instrumented fusion. 
While the treatment approach is influenced by the degree of 
slippage, expected progression, patient’s activity level, and 
symptomatology, the two broad categories of surgical options 
are a direct repair of the pars defect or fusion of the lumbar 
segment. Isolated repair of the pars defect can be achieved 
via multiple techniques including the Buck technique, Scott 
wiring [42, 43], or repair with an ipsilateral pedicle screw 
and hook. Isolated repair of the pars interarticularis defect is 
preferred in cases of L1 to L4 isthmic defect without disc 
degeneration and/or spondylolisthesis that have failed non- 
operative management. Direct repair of the pars interarticu-
laris preserves motion while avoiding fusion and the potential 
for adjacent segment degeneration in the future. We recom-
mend a posterolateral fusion without or without an anterior 
interbody fusion for patients with a progressive grade I or II 
spondylolisthesis, dysplastic spondylolisthesis, or an L5 
isthmic spondylolysis who have failed conservative treat-
ment. Treatment of high-grade spondylolisthesis, defined as 
Meyerding grades III, IV, and V, is more controversial. While 
conservative measures should initially be attempted, these 
patients tend to not respond as well as patients with lower- 
grade spondylolisthesis. If conservative treatment fails, a 
posterolateral fusion, with or without an anterior interbody 
fusion, is widely recommended in patients with high-grade 
spondylolisthesis. Reduction of the spondylolisthesis is more 
controversial with no widely accepted guidelines. Most 
authors attempt to correct the slip angle rather than the 
degree of anterior listhesis.

13.4  Sacral/Coccyx Fractures

13.4.1  Synonyms

Sacral insufficiency fracture
Lumbopelvic disassociation

13.4.2  ICD 10 Code

Unspecified fracture of sacrum S32.10XA
Fracture of coccyx S32.2XXA

13.4.3  Description

The sacrum acts as the keystone of the pelvic ring, as it main-
tains stability while transmitting forces from the lumbosacral 
articulation across the sacroiliac joints to the pelvis. As a 
result, injuries to the sacrum can potentially compromise the 
stability of the pelvic ring, the spinopelvic junction, or both. 

Sacral fractures may result in altered spinal sagittal align-
ment, chronic pain, loss of lower extremity motor and/or sen-
sory function, sexual dysfunction, and urinary and bowel 
dysfunction. The severity of sacral and coccyx fractures var-
ies widely from insufficiency fractures seen in the elderly, to 
complex fracture patterns seen in those who sustain high- 
energy injuries, or falls from significant heights. The inci-
dence of non-osteoporotic sacral fractures has been reported 
as 21 cases per a million individuals, while osteoporotic frac-
tures have been reported to have an incidence of 1–5% in 
elderly patients at risk [44]. In the USA, between 2002 and 
2011, there has been a reported three-fold increase in trau-
matic sacral fractures from 0.7 to 2.9 per 100,000  in the 
population [45]. Treatment algorithms for sacral fractures 
are nuanced and require an understanding of both non- 
operative and operative treatment options.

Anatomy The sacrum is the lowest functional portion of the 
spinal column and is composed of 5 kyphotically aligned 
fused vertebra and 5 paired spinal nerve roots. The coccyx is 
the terminal segment of the spine that consists of 3 to 5 fused 
segments. The sacrum has 4 paired ventral and dorsal neuro-
foramina through which the ventral and dorsal nerve roots 
exit. The sacrum acts as an anchor point for the mobile lum-
bar spine and forms the posterior segment of the pelvic ring 
through the sacroiliac joints. Biomechanically, the sacrum 
functions to transfer loads from the spinal column to the pel-
vis. Variation in the upper sacral anatomy exists including 
transitional vertebra and sacral dysplasia. Several ligaments 
that are essential for maintaining the stability of the pelvic 
ring originate on the sacrum. These include the sacrospinous 
and sacrotuberous ligaments, anterior and posterior sacroil-
iac ligaments, along with the iliolumbar and lateral lumbosa-
cral ligaments. A large number of neurovascular structures, 
including the cauda equina, the filum terminale, the sacral 
plexus, and the sciatic nerve are positioned within close 
proximity to the sacrum and may be injured in association 
with sacral fractures. The L5 nerve root lies on the anterosu-
perior surface of the S1 vertebral body and sacral ala. The 
common iliac arteries bifurcate at the lumbosacral junction 
giving rise to the internal and external iliac arteries, which 
course anterolateral to the iliac veins.

13.4.4  Clinical Presentation

Close to 75% of patients who present to the emergency 
room with sacral fractures are neurologically asymptomatic, 
making these fractures difficult to clearly diagnosis [45]. 
The rate of missed or delayed diagnosed sacral fractures 
ranges from 25% to 70% [44]. Sacral fractures occur in two 
distinctly different patient populations. Firstly, insufficiency 
fractures occur in those with suboptimal bone quality and 
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typically occur in post-menopausal women due to osteopo-
rosis. Sacral insufficiency fractures are estimated to occur in 
1% of women older than age 55 years [46]. Other risk fac-
tors for sacral insufficiency fractures include chronic corti-
costeroid therapy, rheumatoid arthritis, radiation, and other 
endocrinopathies such as hyperparathyroidism. These insuf-
ficiency fractures often occur after a fall onto the buttock 
from a standing or sitting position. Patients often present 
with vague and poorly localized lower back pain without or 
without lumbosacral radiculopathy. In contrast, complex 
sacral fracture patterns are seen in those who sustain high-
energy injuries or who fall from significant heights. Sacral 
fractures associated with high-energy trauma often co-exist 
with other injuries including pelvic ring injuries, head, and 
thoracoabdominal trauma. Various classification schemes 
exist to describe sacral fractures. These classifications 
schemes can be categorized into classifications that are 
based on the energy of injury, fracture morphology, loca-
tion, and association with pelvic ring injuries. The Denis 
classification categorizes sacral fractures into 3 zones 
according to the location of the fracture relative to the sacral 
foramina and correlates the fracture location with the inci-
dence of neurologic injury (Fig. 13.7). In zone 1, or the alar 
zone, fractures remain lateral to the neuroforamina through-
out their course. In zone 2, or the foraminal zone, fractures 
involve one or more neuroforamina but remain lateral to the 
spinal canal. Zone 3 fractures, described as fractures medial 
to neuroforamina, are reported to have the highest risk of 

neurological injury and worse prognosis. Denis and col-
leagues found that zone 1 fractures had 5.9% incidence of 
neurologic injury, while zone 3 fractures had a 56.7% inci-
dence of neurologic injury [47]. Descriptive classifications 
of sacral fractures include the H, Y, and lambda fracture pat-
terns and the sacral U variant, which leads to inherent spino-
pelvic instability.

Coccyx fractures generally occur after a backwards fall 
onto the buttocks. Patients often present complaining of 
“tailbone pain”. The pain will usually be worse with pro-
longed sitting, leaning back while seated, prolonged stand-
ing, and rising from a seated position.

13.4.5  Physical Examination

In acute severe trauma, Advanced Trauma Life Support 
(ATLS) guidelines should be followed. After the manage-
ment of the airway, breathing, circulation, and all life- 
threatening injuries are stabilized, a detailed history and 
physical examination should be performed. The initial physi-
cal examination should include visual inspection for ecchy-
mosis and lacerations along the entire vertebral column. 
Palpation should then be performed along the entire spinal 
column for any areas of tenderness or step-offs. Particular 
attention should be paid to the pelvic ring. Manual compres-
sion over the iliac crests may help identify pelvic ring insta-
bility and the need for temporary methods of pelvic ring 
stabilization. Next, a comprehensive neurological examina-
tion should be performed that assesses the overall severity of 
neurologic injury according to the ASIA score. The majority 
of the nerves that exit through the sacral foramina are 
involved in urogenital and anal sphincter control and peri-
neal sensation. Therefore, a thorough neurological examina-
tion should include an evaluation of one’s anal sphincter 
tone, resting and volitional perianal contraction, perianal 
sensation, and the bulbocavernosus reflex. An absent bulbo-
cavernosus reflex indicates that spinal shock is still present 
and the true extent of neurologic impairment may not be 
fully appreciated. Once one’s spinal shock has resolved, an 
absent bulbocavernosus reflex may indicate an injury to the 
S2–S4 nerve roots.

13.4.6  Diagnostic Workup

X-ray Plain radiographs with an anteroposterior pelvis view 
and inlet/outlet views are generally used as the first line of 
investigation and should be carefully scrutinized for the pres-
ence of sacral and coccyx fractures. Identification of sacral 
fractures on plain radiographs can be challenging for a num-
ber of reasons including juxtaposition of the iliac wings, 
sacral dysmorphism, and osteoporotic bone. Associated 

Fig. 13.7 Denis classification sacral fractures: In zone 1, fractures 
remain lateral to the neuroforamina throughout their course and have a 
5.9% incidence of neurologic injury. In zone 2, fractures involve one or 
more neuroforamina but remain lateral to the spinal canal and have a 
28.4% incidence of neurologic injury. In zone 3 fractures, fractures are 
medial to neuroforamina and are reported to have up to a 56.7% inci-
dence of neurological injury and worse prognosis. Copyright of AO 
Foundation, Switzerland
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signs on plain radiographs that should raise concern for a 
possible sacral fracture include L4 or L5 transverse process 
fractures and anterior pelvic ring disruptions. A lateral radio-
graph of the sacrum can be obtained and is useful in evaluat-
ing the presence of transverse fractures. The Ferguson view, 
a true anterior–posterior view of the sacrum, is obtained with 
a 30 degree cranially inclined projection. Advanced imaging 
as opposed to plain radiographs is often recommended when 
assessing sacral fractures, as the overall detection rate in 
plain radiographs has been reported to be as low as 30%. The 
evaluation of patients with persistent coccyx pain following 
a coccyx fracture should include dynamic radiographs taken 
with the patient standing and sitting to assess for coccyx 
hypermobility or non-union.

Computed tomography CT scan is considered the gold stan-
dard given its high sensitivity and specificity. CT scans of the 
abdomen and pelvis are also being used more routinely in the 
initial assessment of trauma patients and contribute a more 
sophisticated view of the sacrum for evaluation. Sagittal and 
coronal reconstructions should be obtained for adequate 
characterization of the fracture pattern. Three-dimensional 
CT reconstructions can help surgeons to assess the fracture 
patterns prior to surgery.

Magnetic resonance MRI is recommended in all cases with 
neurologic findings as it can be helpful in demonstrating 
areas of neural compression. If both radiographs and CT are 
inconclusive and suspicion remains high for an insufficiency 
fracture, then MRI should be performed and is considered 
the gold standard to diagnose occult fractures.

13.4.7  Treatments

13.4.7.1  Medical Management
The decision between non-operative vs operative treatment of 
sacral fractures must take into account the fracture pattern, loca-
tion, presence of instability, or malalignment and the neurologic 
status of the patient. Sacral fractures are commonly defined as 
stable or unstable, with unstable fractures being those that are 
likely to shift or displace with physiological loads.

Non-operative treatment of sacral fractures is generally 
reserved for osteoporotic and minimally displaced fractures 
without neurologic injury. In those with non-displaced frac-
tures, mobilization with a walker or crutches is generally rec-
ommended to allow for touch toe weight bearing on the 
injured side. These patients should be followed clinically to 
assess for new or worsening neurologic symptoms. Serial 
radiographs should be obtained to assess for fracture 
displacement.

Osteoporotic compression fractures are also generally 
amenable to non-operative treatment, which consists of rest, 

pain relief with NSAIDs, physical therapy, and early mobili-
zation as tolerated. Treating the underlying cause of the 
patient’s osteoporosis is crucial to decrease the risk of 
another insufficiency fracture. Vitamin D and calcium sup-
plementation should be initiated to slow further bone loss. 
The use of bisphosphonates should be considered and dis-
cussed with one’s primary care physician.

Conservative treatment of coccyx fractures is successful 
in the majority of individuals. We recommend patients use 
modified over-the-counter wedge-shaped cushions to relieve 
the pressure on the coccyx while the patient is seated. A lim-
ited course of NSAIDs along with the application of heat 
and/or cold packs can be used for symptomatic pain 
control.

13.4.7.2  Rehabilitation
Physical therapists will work with patients on range of 
motion and strengthening exercises of the back, abdominal, 
and leg musculature. Functional training, postural education, 
aerobic conditioning, and home exercise programmes will be 
provided for the patients. Therapists will also assist patients 
with soft tissue mobilization as needed for areas of soft tis-
sue restriction or muscle guarding. In cases where patients 
sustain spinal cord injuries, therapists help maximize sen-
sory and motor function recovery, prevent secondary compli-
cations, and help patients reintegrate into society.

13.4.8  Procedures

Sacroplasty: Sacroplasty is a percutaneous, image-guided 
technique where a stabilizing compound, usually 
polymethyl- methacrylate (PMMA), is administered into the 
cancellous portion of sacrum at the level of the fracture. 
There is a growing body of evidence to support its potential 
for significant pain reduction, improved mobility, and 
decreased opioid dependence in those with sacral insuffi-
ciency fractures [48]. While the majority of the literature 
has shown it to be relatively safe, there is a risk of extrusion 
of cement around the neural structures that could result in 
neural compromise.

Coccyx injections: Coccyx injections utilizing a combina-
tion of steroid and anaesthetic can be considered in those 
with persistent coccyx pain who have failed non-operative 
treatment.

Ganglion impar sympathetic nerve block: Ganglion impar 
sympathetic nerve blocks can be considered for patients with 
persistent coccydynia following coccyx fractures. In this 
treatment option, local injection of an anaesthetic is adminis-
tered to the ganglion impar, which is usually located anterior 
to the sacrococcygeal junction or the first coccygeal vertebra. 
This technique has been reported to provide relief in 50–75% 
of patients [49].
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13.4.9  Surgery

Although various classification schemes exist to help facilitate 
decision-making in those with sacral injuries, it is important to 
consider these classification systems within the context of the 
overall condition of the patient and their associated injuries. 
The timing of surgical intervention is determined by various 
factors including the patient’s overall physiologic status, pres-
ence of open fractures, neurologic deficits, and overall soft tis-
sue envelope. Surgical intervention is generally indicated for 
patients with sacral fractures with severe fracture displace-
ment, fracture instability, and/or neurologic compromise. The 
goals of surgical treatment are neurological decompression in 
those with neurologic deficits and fracture reduction and stabi-
lization in the cases of significant displacement or instability. 
Surgical fixation for these fractures is ideally percutaneous 
and utilizes a low implant profile to prevent skin breakdown 
and soft tissue compromise while providing enough biome-
chanical stability to allow for early mobilization. When sacral 
fractures are associated with a pelvic ring injury, anterior pel-
vic fixation techniques can be performed. Most fractures 
involving the pelvis, specifically the sacrum, can be effectively 
stabilized with posterior pelvic fixation. Posterior pelvic fixa-
tion connects the ilium to the sacrum, most commonly through 
an iliosacral screw. In this fixation pattern, a cannulated screw 
is inserted through the safe corridor of the S1 and/or S2 bod-
ies. Another method of posterior pelvic fixation is a transiliac–
transsacral screw, in which a long-threaded implant passes 
across the entirety of S1 or S2 corridor to the contralateral 
ilium. Significantly unstable fractures that create spinopelvic 
instability, as seen in vertical shear and U-type variants, 
require the addition of lumbopelvic fixation. Postoperative 
complications of sacral fracture fixation include infection, 
delayed wound healing, instrumentation failure, and soft tis-
sue irritation requiring implant removal. The indication for 
coccygectomy is significant, disabling coccygodynia with 
radiographic subluxation or instability. This should only be 
considered after a significant trial of non-operative interven-
tion has been pursued. The current literature suggests that a 
coccygectomy may provide relief in the appropriate patient 
who has failed all other non-operative treatments [50, 51]. 
However, this procedure can be associated with a high compli-
cation rate and failure to relieve the pain.
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Minimally Invasive Spine Procedures
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14.1  Minimally Invasive Lumbar 
Decompression (Mild® Procedure)

14.1.1  CPT

0275T

14.1.2  Description

Lumbar Spinal Stenosis is an acquired or congenital condi-
tion in which the spinal canal diameter is reduced resulting 
in compression of neural and vascular elements. The hall-
mark of lumbar spinal stenosis is neurogenic claudication; 
numbness, pain, heaviness, and/or weakness in the legs 
radiate from the spine to the buttocks and legs while walk-
ing or prolonged standing. Neurogenic claudication is 
often relieved with sitting or stooping. Spinal stenosis is 
most commonly found in the lumbar vertebral region of 
the spine [1].

Traditional nonoperative management of spinal stenosis 
varies from rehabilitation, medical management, and utiliza-
tion of assistive devices such as cane and walker, back brace, 
activity modification, and procedural treatment. Procedural 
treatment in general is indicated when less aggressive treat-
ments fail. Traditional spinal injections are designed to 
improve neurogenic claudication by injecting corticosteroid 
into the epidural space via a transforaminal or interlaminar 

approach. Effectiveness and duration of efficacy for epidural 
injection vary from patient to patient. Such intervention often 
requires repetitive treatments over the course of the disease.

In the past, beyond physical therapy (PT), medication 
management, and steroid injections, nonoperative spine/pain 
specialist choices were limited except referring to spine sur-
gery for isolated laminectomy or laminectomy with fusion 
(depends on the pathology and concerns regarding stability). 
Open laminectomy remains the gold standard operative care 
for spinal stenosis. With the advancement in technology, per-
cutaneous minimally invasive lumbar decompression has 
become available to patients presenting with neurogenic 
claudication associated with walking and standing and 
resolves with sitting. Percutaneous decompression options 
may be desirable for patients averse to open surgery or for 
elderly patients with complicated medical history intolerant 
to anesthesia or open surgery (ASA III or above).

The criteria for percutaneous lumbar decompression 
(MILD procedure) are ligamentum flavum thickening of 
over 2.5 mm, neurogenic claudication, and resolution of neu-
roclaudication with sitting. If there is weakness associated 
with spinal stenosis, it is encouraged to seek surgical consul-
tation for open surgical care.

To date, two randomized controlled trials, together with 
11 other controlled clinical studies, have established the effi-
cacy of mild procedure. MIDAS-I study, a multicenter, non-
blinded, prospective clinical study evaluating Visual Analog 
Score (VAS), Oswestry Disability Index (ODI), Zurich 
Claudication Questionnaire (ZCQ), and SF-12 Health Survey 
after performing MILD procedure, showed statistically and 
clinically significant reduction in all metrics. There were no 
major mild device or procedure-related complications 
reported in this patient cohort, with major complications 
defined as dural tears, nerve root injury, post-op infection, 
and hemodynamic instability. For claudication symptoms, at 
6 weeks, the mean patient satisfaction response was 2.02, on 
a scale of 1–4 (50%). With respect to disability index, this 
study showed a 17.9-point improvement in mean ODI from 
baseline to 6 weeks post. The average baseline VAS was 7.3 
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(range 3/10–10/10), which improved to 3.7/10 (approxi-
mately 53% reduction) in a 6-week follow-up [2].

MIDAS ONCORE study examined the long-term durabil-
ity of the minimally invasive lumbar decompression (MILD) 
procedure in terms of functional improvement and pain 
reduction for patients with lumbar spinal stenosis and neuro-
genic claudication due to hypertrophic ligamentum flavum. 
This prospective, multicenter, randomized controlled clinical 
study compared outcomes for minimally invasive lumbar 
decompression (MILD) procedure versus epidural steroid 
injections. Follow-up occurred at 6 months and at 1 year for 
the randomized phase and at 2  years for MILD subjects. 
Oswestry Disability Index, Numeric Pain Rating Scale, and 
Zurich Claudication Questionnaire were used to evaluate 
function and pain. Safety was evaluated by assessing inci-
dence of device−/procedure-related adverse events. At 
2 years, ODI improved by 22.7 points (95% CI, 18.5–26.9), 
NPRS improved by 3.6 points (95% CI, 3.1–4.2), and ZCQ 
symptom severity and physical function domains improved 
by 1.0 (95% CI, 0.8–1.2) and 0.8 points (95% CI, 0.6–0.9), 
respectively. During 2-year follow-up, 5.6% of patients 
required a subsequent surgical procedure (6–7.5% reopera-
tion rate in traditional laminectomy) [3].

There were no serious device−/procedure-related 
adverse events, and 1.3% experienced a device−/proce-
dure-related adverse event. MIDAS Encore study con-
cluded that Mild procedure has excellent long-term 

durability, and there was no evidence of spinal instability 
through 2-year follow-up [4].

14.1.3  Surgical Technique

Minimally invasive lumbar decompression (Mild® proce-
dure) is performed as an outpatient procedure in an ASC or 
hospital. Procedure is done in full surgical sterile technique 
following surgical standards. The Mild® procedure is per-
formed percutaneously through a 5-mm port with specially 
designed surgical instruments and can be done unilaterally or 
bilaterally, and at multiple levels through a single midline 
skin entrance. After skin anesthesia, the path for Mild® tro-
car is anesthetized to the depth of the targeted laminas. 
Epidural space is accessed with the loss of resistance tech-
nique, and an epidurogram (Fig. 14.1) is performed to high-
light posterior epidural space and the space between the dura 
and the lamina at the treatment level (Fig. 14.2). The Mild® 
Trocar and portal are then inserted (5 mm skin incision) and 
advanced to the inferior lamina of the level above and supe-
rior lamina of the level below, using a bone rongeur biopsy- 
sized fragments of bone for the purpose of widening the 
interlaminar space to allow further advancement of the can-
nula. Often partial removal of the lamina is also associated 
with removing the ligamentum flavum that is in its proxim-
ity. Once three passes at the superior lamina and three passes 

Fig. 14.1 Contralateral 
oblique view of epidurogram 
enhancing posterior epidural 
space highlighting safe space 
between the epidural line and 
lamina. The anterior 
displacement of dura is due to 
thickened ligamentum flavum 
resulting in central spinal 
canal stenosis. CT scan of the 
same patient showing spinal 
stenosis and thickening of 
ligamentum flavum, measured 
at 8.6 mm on right and 
6.3 mm on left. (Image 
courtesy of Ali Mostoufi, MD, 
New England Spine Care, 
Cambridge, MA, USA)
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at the inferior lamina are completed, ligamentum flavum is 
debulked using tissue sculptor under contralateral views. 
Additional removal of ligamentum flavum allows for 
increased spinal canal space and ultimately reduction in neu-
rogenic claudication (Fig. 14.3). The procedure can be com-
plex if there is scoliotic curve, spondylolisthesis, or in 
patients with previous adjacent level fusion hardware 

Fig. 14.2a). There is very little downtime, and minimal post-
operative pain was experienced. Patients are encouraged to 
pursue a daily walking program starting the very next day 
and a formal lumbar stabilization program in the subsequent 
weeks.

a b
Fig. 14.2 (a) Removal of 
biopsy size bone from 
posterior lamina along with 
ligamentum flavum while the 
blunt side of the bone rongeur 
is away from posterior 
epidural line, highlighted by 
epidurogram. (b) Magnified 
image of the same patient, 
highlighting the superior and 
inferior lamina. (Image 
courtesy of Ali Mostoufi, MD, 
New England Spine Care, 
Cambridge, MA, USA)

a b
Fig. 14.3 (a) demonstrates 
challenges in proper 
placement of laminectomy 
tools to the desired depth in 
patients with previous fusion 
instrumentation. (b) Image 
shows the epidurogram 
highlighting posterior dura 
and removal of ligamentum 
flavum superficial to it. 
(Image courtesy of Ali 
Mostoufi, MD, New England 
Spine Care, Cambridge, MA, 
USA)
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14.2  Vertiflex® Procedure (Interspinous 
Spacer)

14.2.1  CPT

22869, 22,870

14.2.2  Description

Lumbar spinal stenosis is an acquired or congenital condi-
tion in which spinal canal diameter is reduced, and as a 
result, neural and vascular elements are compressed. 
Although many patients are found with radiologic stenosis 
with no or minimal symptoms, the hallmark symptom is pro-
gressive neurogenic claudication (numbness, cramping, 
pain, heaviness, and/or weakness in the legs), relieved by sit-
ting and worsening with standing and walking. Spinal steno-
sis may be combined with neuroforaminal stenosis, both of 
which can result in lower extremity symptoms. Many patients 
respond to physical therapy and localized facet and epidural 
blocks, but ultimately patients with worsening neurogenic 
claudication need to consider surgery.

Open laminectomy remains the gold standard operative 
care for spinal stenosis. The majority of patients with 
acquired spinal stenosis are elderly and have multiple comor-
bidities that can make open spinal surgery, an anesthesia risk, 
and vulnerable to the risk associated with hospitalization and 
recovery after spine surgery. Minimally invasive/percutane-
ous treatments provide an attractive alternative as it is per-
formed in an ambulatory setting, utilizing fluoroscopic 
guidance under a light sedation with no hospitalization.

The use of the Superion™ Indirect Decompression 
System known as Vertiflex procedure (Boston Scientific, 
Boston MA, USA) is a recent addition to minimally invasive 
procedures to treat moderate spinal stenosis. It is used mostly 
by interventional pain/spine physicians who can also per-
form the minimally invasive lumbar decompression (Mild® 
procedure). Studies suggest that even the smallest incremen-
tal increase in overall spinal canal area without wide decom-
pression can be effective in providing symptomatic relief in 
elderly patients [5].

Vertiflex procedure is indicated for L1/2–L4/5 moderate 
spinal stenosis with or without foraminal stenosis. L5/S1 spi-
nal stenosis cannot be treated by this implant since the S1 
spinous process is small and cannot be used to anchor the 
implant stabilizing arms (Table  14.1). Vertiflex® implant 
allows stabilization with mild adjacent level distraction and 
by preventing segmental extension. An ideal candidate 
 presents with neurogenic claudication while standing and 
walking, which resolves as the patient sits. Patients should 
not have leg pain in sitting position and should not demon-
strate myotomal weakness. Vertiflex should not be offered in 
patients with severe scoliosis and severe osteoporosis and in 
patients with unstable spondylolisthesis or greater than grade 

2 spondylolisthesis (Table 14.1). Complications may include 
dislodged implant (poor surgical technique or due to spinous 
process fracture), spinous process fracture, infection, and 
invasion of spinal canal by the implant (poor surgical 
technique).

Studies have shown the use of the Vertiflex® implant to 
be effective in both short-term relief and long-term relief of 
neurogenic claudication [6–9].

• 2-year clinical outcomes for Superion -Vertiflex implant 
from a randomized controlled US Food and Drug 
Administration (FDA) to treat moderate lumbar spinal 
stenosis (n=391) showed neuroclaudication decreased in 
severity by 70% , back pain clinical success was 68%. 
Oswestry Disability Index clinical success was achieved 
in 65% of patients. [6]

• 4-year clinical outcomes for Superion Vertiflex implant 
from a randomized controlled US Food and Drug 
Administration (FDA) to treat moderate lumbar spinal 
stenosis demonstrated sustained leg pain relief 78% and 
back pain reduction 66%, and Oswestry Disability Index 
clinical success was achieved in 62% of patients [7].

• 5-year clinical outcomes for Superion Vertiflex implant 
from a randomized controlled US Food and Drug 
Administration (FDA) to treat moderate lumbar spinal 
stenosis demonstrated sustained leg pain decrease 80% 
and sustained back pain reduction 65%, and Oswestry 
Disability Index clinical success was achieved in 65% of 
patients. Percentage of improvements over baseline 
(before treatment) were leg pain 75%, lower back pain 
66%, and ODO 58% (P < 0.0001) [8].

14.2.3  Surgical Technique

Vertiflex procedure (Superion™ Indirect Decompression 
System) can be done at a single segment or at two adjacent 
segments, which demonstrates moderate spinal stenosis. 
This surgical procedure is performed as an outpatient case 

Table 14.1 Indication and contraindications for interspinous spacer 
implants to treat spinal stenosis

Vertiflex candidate Vertiflex contraindications
Moderate spinal stenosis 
L1–L4
Neurogenic claudication with 
standing
Neurogenic claudication with 
walking
Able to sit continuously for 
30 min

L5 spinal stenosis
Claudication not resolved with 
sitting
Leg symptom while sitting

Decline open laminectomy
Unable to tolerate general 
anesthesia

Grade 2 or more spondylolisthesis/
pars fracture
Spinal instability
Osteoporosis
Moderate–severe scoliosis
Cauda equina
Previously ankylosed/fusion segment
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following standard sterile surgical techniques. The operation 
is performed through a 2.5 cm skin incision to accommodate 
for surgical tools. Once optimal sedation is achieved, skin 
and subcutaneous tissues are anesthetized, and blunt tissue 
dissection is performed to the depth of the spinous process. 
The supraspinous/interspinous ligament is incised, and adja-
cent spinous processes are gently separated through provided 

surgical tools to allow for implant to be advanced in between 
two adjacent spinous processes. Using a proprietary tool, 
interspinous space is measured so the correct implant size 
can be selected. The implant is then inserted and advanced. 
Once the position of the implant is confirmed using PA and 
lateral views, the anchoring arms are deployed to engage 
with the two adjacent spinous processes (Fig. 14.4a). Once 

Fig. 14.4 (a) and (b) are in-procedure fluoroscopic pictures of the 
Vertiflex Superion implant on PA and lateral views. The anchors are 
seen in line with adjacent spinous processes on image a, and on lateral 
view resting in the final position in between spinous processes and 
placed against lamin (thin arrows on image b). Images c, d, e, and f are 
CT scan images on the same patient. In C and D, the deployed arms of 

the implants are seen against lamina (arrows). Images e and f show the 
implant in PA view with extended arms hugging the spinous process 
(arrows). In the axial images (image f), the implant’s anchoring arms 
are seen against the lamina and in ideal position. (Image courtesy of Ali 
Mostoufi, MD, New England Spine Care, Cambridge, MA, USA)

ba
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fully deployed, and both parallel pairs or superior and infe-
rior anchors are hugging the spinous processes, the implant 
is further advanced to its final position (Fig. 14.4b), which 
should be dorsal and in contact with the adjacent lamina 
(Fig. 14.4c–e). The procedure is completed at this point, all 
instruments are removed, wound is irrigated, and deep/
superficial sutures are used for closure.

14.2.4  Recovery and Rehabilitation

Postoperative care is minimal. Pain management is done by 
means of OTC or prescribed medications. Stitches are 
removed in 10 days, and no brace is necessary in the postop-
erative phase. Precautions include avoiding bending and 
twisting for 6  weeks to allow for the implant pocket to 
mature. In the first 6  weeks, a daily walking program is 
encouraged. This is followed by a formal PT program from 
weeks 6 to 12. Aggressive extension during the first 
6–12 weeks is discouraged. Since the implant is an extension 
limiting device, there may be a small limitation in full exten-
sion noted by patients (in particular two-level implants). 
Improvement in neurogenic claudication is expected within 
the first 6–12 weeks after procedure.

14.3  Percutaneous Sacroiliac Fusion

14.3.1  CPT

27279

14.3.2  Description

Percutaneous sacroiliac fusion treatments through direct dor-
sal approach or lateral transiliac method are now available as 
a minimally invasive procedure performed in outpatient set-
tings under conscious sedation and fluoroscopic guidance. 
Percutaneous sacroiliac fusion has become available in both 
academic and private settings as we have started to under-
stand safety of this procedure and reproduction of the out-
come. Dorsal approach is easier to perform with less chance 
of vascular or nerve injury, but its efficacy is less studied as 
compared to lateral approach.

In general, diagnosis of sacroiliac joint dysfunction is 
challenging. In addition to collecting history, and imaging, 
there are a number of clinical maneuvers that can point 
toward sacroiliac joint as a source of pain (see Chap. 6) [15]. 
Diagnostic intra-articular injection of anesthetic could also 
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Fig. 14.4 (continued)
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be confirmatory (Fig. 14.5). Some clinicians choose to anes-
thetize L5 dorsal rami, and S1 and S2 lateral branches as a 
diagnostic step prior to offering therapeutic intervention for 
sacroiliac joint dysfunction.

If correct diagnosis of sacroiliac-mediated pain is estab-
lished, and the patient is not responsive to less aggressive 
treatment, which includes physical therapy, sacroiliac belt, 
NSAIDs, chiropractic or osteopathic adjustments, TENS 
unit, and either corticosteroid injection or ablation treatment 
of innervating branches, then the interventionalist may 
choose to offer minimally invasive sacroiliac fusion to the 
patient.

Several comparisons of minimally invasive (MIS) SI joint 
fusion and open SI joint fusion have been reported. To date, 
the quality of available evidence is mixed and includes two 
level 1 prospective clinical trials and two level 4 retrospec-
tive studies, with some level 2 prospective studies [16]. In a 
level 1 studies of triangular implants by month 24, 82% 
received substantial clinical benefit in VAS SI joint pain 
score, and 66% had received substantial clinical benefit in 
ODI score [16].

14.3.3  Surgical Technique

Percutaneous sacroiliac (SI) fusion is performed in an ambu-
latory setting, utilizing fluoroscopic guidance and various 
joint stabilization systems. In the dorsal approach, once the 
SI joint is identified, a guidewire is placed within the joint, 
followed by gentle separation of the sacroiliac joint using 
specialized surgical instruments designed for a particular 
stabilization system. Bone decorticator is used to prepare the 
sacrum and ilium joint surface before implanting a bony 
allograft within the sacroiliac joint (Fig. 14.6).

14.3.4  Recovery and Rehabilitation

The patient is ambulatory after the procedure, requiring min-
imal downtime from work with 6 weeks precaution (avoid-
ing aggressive bending and twisting), followed by 6 
additional weeks of structural PT. Final fusion status is con-
firmed by serial X-rays or CAT scan, and depends on avail-
ability and coverage.

14.4  Percutaneous Lumbar Discectomy

14.4.1  CPT

62287

14.4.2  Description

Lumbar radiculopathy is a condition characterized by irrita-
tion of a particular lumbar nerve root, resulting in unilateral 
pain, numbness, paresthesias, or weakness in the buttock or 
a leg. The most common cause of lumbar radiculopathy is 
intervertebral disk herniation (younger adults) or disk–osteo-
phyte complex (older adults). Initially, patients should be 
managed conservatively with exercise, physical therapy, and 
NSAIDs back brace and a tapering dose of corticosteroids or 
epidural injection. Early surgical referral may be necessary 
in patients with dense myotomal weakness or other red flags.

If symptomatic patients fail to improve with 6–12 weeks 
of conservative care, lumbar discectomy may be offered. 
Open microdiscectomy remains the gold standard of surgical 
care although new surgical training including minimally 
invasive open surgery (MIS) and endoscopic discectomy 
may result in even faster recovery and return to work.

X-ray-guided percutaneous lumbar discectomy is an 
emerging therapy for the treatment of lumbar disk hernia-

Fig. 14.5 Diagnostic injection of SI joint. Intra-articular placement of 
the needle through the most distal aspect of the sacroiliac joint, fol-
lowed by administration of contrast within the joint prior to injection of 
anesthetics. (Image courtesy of Ali Mostoufi, MD, New England Spine 
Care, Cambridge, MA, USA)
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tions. Many options are available, some are mechanical, 
some are chemical, and others utilize thermal technologies 
(Table 14.2).

There is limited research available on percutaneous 
discectomy.

• A randomized prospective trial with a noninferiority 
design for percutaneous laser disk decompression showed 
higher speed of recovery in favor of conventional surgery 
and significantly less reoperations in the conventional sur-
gery group (38% vs. 16%). Overall, a strategy of percuta-
neous laser discectomy with delayed surgery if needed 
resulted in noninferior outcomes at 1 year [10].

• A systematic review of percutaneous lumbar mechanical 
disk decompression utilizing Dekompressor demon-
strated level II evidence for short- and long-term relief 
[11]. They concluded that mechanical discectomy may 
provide appropriate relief in properly selected patients 
with contained lumbar disk prolapse.

• A meta-analysis study of the effectiveness and safety of 
percutaneous ozone nucleolysis for herniated lumbar 

disks (n  =  8000) demonstrated that the mean improve-
ment in radicular pain was 3.9 for VAS and 25.7 for ODI 
and predicted complication risk of 0.064%. The study 
concluded that pain and function outcomes are similar to 
the outcomes for lumbar disks treated with surgical dis-
cectomy, but the complication rate is much lower (<0.1%) 
and the recovery time is significantly shorter [12].

• A study of efficacy of percutaneous ethyl alcohol gel 
nucleolysis in symptomatic disk herniation [13] follow-
ing patient for 1 year after treatment showed 65% reduc-
tion in ODI score, 50% reduction in analgesic use, and 
63.5% in pain relief (sustained at 12  months). Another 
study compared the effectiveness of intradiscal injection 
of ethyl alcohol versus percutaneous laser disk decom-
pression in patients with chronic radicular low back pain; 
both techniques were equivalent in pain reduction, but 
ethyl alcohol group had a greater effect on decreasing dis-
ability after 12 months, although the rate of progression to 
secondary treatments and/or surgery was almost equal in 
the two groups [14].

14.4.3  Surgical Technique

Procedure is performed in an outpatient setting, and often, no 
sedation is necessary. The common procedural portion in all 
the percutaneous discectomy options is access to the center 
of the disk using fluoroscopy or CT scan and utilizing either 
a mechanical, chemical, or thermal method for discectomy. 
Access to the disk is done in an identical method as discog-
raphy, which has a complication risk of infection, nerve root 
injury, increase in herniation size, bleeding, and removal of 
annulus fibrosus instead of nucleus. Depending on the size of 

a b
Fig. 14.6 Percutaneous 
sacroiliac fusion. (a) 
demonstrates implantation of 
the bony allograft (arrow) on 
a lateral view. (b) 
demonstrates contralateral 
oblique view of the SI joint, 
approximating posterior and 
anterior joint, and visualizing 
square-shaped allograft (thick 
arrow) within the SI joint. The 
thinner arrows are pointing to 
PSIS. (Image courtesy of Ali 
Mostoufi, MD, New England 
Spine Care, Cambridge, MA, 
USA)

Table 14.2 Different methods of percutaneous discectomy after 
access to the nucleus of the disk

Mechanical Automated percutaneous discectomy (helical tip, 
Archimedes’ screw principle)
Pneumatic suction cutting probe
Fluid jet cutting and suction-based removal probe

Thermal Laser-based
Radiofrequency-based
Nucleoplasty
Electrothermal

Chemical Percutaneous ozone nucleolysis
Percutaneous ethyl alcohol gel nucleolysis

S. A. Mostoufi and C. Mostoufi



125

the probe and particular technology used, a small 1–2 mm 
skin incision may be needed to advance the probe through 
the “safe discography triangle” into the center of the disk 
(Fig. 14.6a). If fluoroscopy is used, PA/oblique and lateral 
views are used throughout the procedure to guide the needle/
probe. Once the probe is in the center of the disk, a small 

amount of contrast can confirm intranucleus placement 
(Fig. 14.7).

If mechanical automated discectomy is chosen, a propri-
etary handle with spiral tip is placed through the probe into 
the disk and the discectomy is performed at high RPM 
(Fig.  14.8). In mechanical percutaneous discectomy, the 

Fig. 14.7 Intradiscal placement of needle with contrast confirmation of nucleus placement. (Image courtesy of Ali Mostoufi, MD, New England 
Spine Care, Cambridge, MA, USA)

a b c

Fig. 14.8 X-ray-guided mechanical automated percutaneous discec-
tomy. (a) Shows guiding the probe into the L5-S1 disk using standard 
discography technique. Image (b) and (c) showing proper probe place-

ment in the center of the disk on lateral and PA images before perform-
ing mechanical discectomy. (Image courtesy of Ali Mostoufi, MD, New 
England Spine Care, Cambridge, MA, USA)
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removed disk material is sent to pathology for confirmation 
and documentation.

In chemical discectomy, a 22 g spinal needle is placed in 
the center of the disk (two-needle technique) before deliver-
ing ozone or ethyl alcohol gel to the nucleus pulposus. 
Contrast is used prior to treatment to ensure intranucleus 
needle placement. Using a thin spinal needle is less damag-
ing to the disk annulus as compared to thicker probes used 
for mechanical or thermal methods.

14.4.4  Recovery and Rehabilitation

The patient is ambulatory after the procedure, requiring min-
imal downtime from sedentary type work. A lumbar brace is 
advised for 2  weeks, as a reminder for patients to avoid 
aggressive bending. This allows natural healing of annulus, 
which was penetrated during the procedure. Pain manage-
ment is necessary in rare cases, but nociceptive pain can 
respond to OTC or prescribed medications. Pain relief from 
percutaneous discectomy is gradual over several weeks, and 
this needs to be explained to the patient. A structured 
extension- biased PT program is advised 6–12  weeks after 
the procedure.

14.5  Vertebral Augmentation

14.5.1  Definition

Vertebral augmentation is a procedure in which fractured 
osteoporotic vertebrae are percutaneously injected with 
polymethyl methacrylate cement. The procedure is per-
formed with or without creation of a cavity using an expand-
able balloon. The procedure can also be performed after 
partial height restoration through percutaneously placed 
implantable devices, followed by injection of cement. This 
procedure has been discussed in detail in Chap. 54.
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Endoscopic and Minimally Invasive 
Spine Surgery

Grace X. Xiong, Harry M. Lightsey IV, 
Alexander M. Crawford, and Andrew K. Simpson

15.1  Description

The utilization of minimally invasive surgery (MIS) for 
spine applications has increased exponentially, spurred on by 
advances in technology and techniques permitting decreased 
soft tissue disruption with comparable anatomic outcomes 
and expedited recovery times. Specifically, the evolu-
tion of several procedural domains has fueled this growth: 
(1) improved soft tissue retractors, (2) leveraging less dis-
ruptive tissue planes, (3) adjuvant technologies to provide 
more intraoperative anatomic information, and (4) improved 
visualization technologies. Spinal endoscopy is one specific 
domain at the forefront of these efforts, transitioning the sur-
geon’s perspective from direct external to indirect internal 
visualization and enabling improved demonstration of the 
surgical anatomy.

15.1.1  Minimally Invasive Spine Surgery

MIS of the spine denotes decreased soft tissue dissection 
with smaller incisions and less paraspinal muscle retraction. 
In contrast to an open surgical field in which spine surgeons 
retract the surrounding musculature to expose bony land-
marks often with the aid of magnifying eyewear, or loupes, 
MIS techniques utilize specialized tubular retractors through 
which targeted dissection is carried out with microinstru-
ments. Surgical visualization is either direct, with the use 
of an operating microscope, or indirect, with small cameras 
inserted into the retractor.

15.1.2  Microscopic Spine Surgery

Operating microscopes in spine surgery have been used since 
the 1970s as a means to permit microsurgical approaches 
[1]. Continual advancements in optical lens systems have 
bolstered their surgical utility. Microscopes are now rou-
tinely used to improve visualization across a wide variety 
of spine surgeries, such as anterior cervical discectomy and 
fusion procedures and posterior neural decompressions. 
Microscopic MIS techniques involve using the microscope 
to view a targeted surgical field through a retractor.

15.1.3  Endoscopic Spine Surgery

Endoscopic spine surgery entails the use of a small camera, 
i.e., the endoscope, inserted into a tubular retractor permit-
ting indirect visualization of the surgical field. With the cam-
era in place, microinstruments are inserted through a working 
channel, which may be the same tubular retractor or another 
point of access. Different endoscopic techniques are distin-
guished by the size and number of working channels; in most 
cases; however, incisions are typically less than 2  cm in 
length (Fig. 15.1).

15.1.4  Full Endoscopic Spine Surgery

In full endoscopic spine surgery, a single working channel 
houses both the endoscope and one instrument, which must 
be exchanged depending on the functionality needed. Full 
endoscopy is the least invasive endoscopic approach and 
requires an aqueous environment to assist in opening tissue 
planes and creating a clear surgical field. The primary limita-
tion of this technique is the single working channel permit-
ting a single instrument that must be moved in concert with 
the endoscope.
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15.1.5  Microendoscopy Spine Surgery

Microendoscopic techniques rely on a single, slightly larger 
working channel that permits the use of multiple instruments 
and housing the endoscope (Figs. 15.1 and 15.2). The instru-
ments can be moved independently, and the larger working 
channel size also allows for a broader range of tools and 
potential placement of interbody implants and bone graft for 
spinal fusions. Microendoscopy is currently predominantly 
performed in a dry environment.

15.1.6  Biportal Endoscopy

Biportal endoscopy utilizes two working channels, one for 
the endoscope and another for the instruments. The advan-
tages of this approach include a greater degree of scope and 
instrument positioning, which can be critical for particularly 
difficult areas of access in the spine, and the incorporation of 
aqueous tissue dissection. Multiple portals do, however, cre-
ate more tissue disruption and may make exchanging and 
triangulating instrumentation more challenging.

15.2  MIS and Endoscopic Surgeries 
in C-Spine

Cervical radiculopathy is often caused by a disk herniation 
or uncovertebral hypertrophy narrowing the neuroforamina.

15.2.1  Cervical Microscopic Foraminotomy

The mainstay MIS technique is microscopic foraminotomy, 
which first gained widespread exposure when Williams pub-
lished his case series of 235 patients in 1983 [2]. In his 
cohort, he claimed that all patients achieved resolution of 
their radicular pain following surgical intervention. In the 
years since, microscopic foraminotomy has demonstrated 
similarly encouraging results when compared directly 
against open foraminotomy [3]. In their systematic review 
of MIS versus open foraminotomy, Clark et al. found that 
MIS technique delivered equivalent clinical results while 
also providing decreased blood loss, shorter postoperative 
stays, and reduced opioid requirements postoperatively [4].

15.2.2  Cervical Endoscopic Decompression

Posterior endoscopic cervical foraminotomy (PECF) or per-
cutaneous endoscopic cervical discectomy (PECD), is 
another minimally invasive alternative to open treatment of 
cervical radiculopathy. In their prospective randomized con-
trolled trial, Ruetten et al. provided level I evidence suggest-
ing that PECF is noninferior to anterior cervical discectomy 
and fusion (ACDF), which is commonly considered the main-
stay in open surgical management of cervical radiculopathy 
[5]. Further, PECF carried the  benefit of maintaining segmen-
tal motion through the level operated upon, which is not the 
case with an ACDF. Similarly, in their prospective analysis, 
Ahn et al. demonstrated similar outcomes between PECF and 
ACDF in the treatment of cervical radiculopathy caused by 

Fig. 15.1 Intraoperative set up for a microendoscopic decompression. 
The surgeon is able to independently manipulate two microinstruments 
concurrently, and the endoscope, situated along the inner side of the 
retractor, projects the working area onto a monitor

Fig. 15.2 Intraoperative image demonstrating the surgeon’s view dur-
ing a microendoscopic decompression for lateral recess stenosis with 
decompression of the dural sac and traversing nerve root

G. X. Xiong et al.
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soft cervical disk herniations [6]. In this study, the authors 
also found that PECF was associated with significantly 
decreased operative time, hospital stay, and time to return to 
work as compared to the ACDF cohort.

15.2.3  Cervical Myelopathy

Cervical myelopathy often involves multiple levels of the 
cervical spine. Mainstays of operative treatment include 
multilevel dorsal decompressions with laminoplasty or open 
laminectomy and fusion. While laminoplasty does maintain 
cervical motion, traditional techniques still require substan-
tial muscular dissection.

MIS techniques have evolved to allow for single or multi-
level dorsal decompression via an endoscopic approach. In 
their review of 61 cases, Minamide et al. compared the out-
comes of patients with cervical spondylotic myelopathy 
treated with microendoscopic laminotomy versus lamino-
plasty [7]. Overall, the endoscopic group demonstrated simi-
lar functional outcomes at 5-year follow-up, with improved 
preservation of cervical alignment and less postoperative 
axial neck pain compared to traditional laminoplasty.

15.3  MIS and Endoscopic Surgeries 
in L-Spine

15.3.1  Lumbar Discectomy

Lumbar disk herniation is one of the most common indica-
tions for minimally invasive procedural solutions, ranging 
from less invasive retractors to microtubular approaches to 
endoscopy.

15.3.1.1  Lumbar Microdiscectomy
A microdiscectomy refers to any removal of a disk fragment 
performed with the use of an operating microscope. Some 
approaches modify a traditional open posterior midline 
exposure with the assistance of a surgical microscope, 
which allows for a smaller surgical incision. These make 
use of a standard dissection through musculotendinous 
insertions around the spine and are not considered mini-
mally invasive.

15.3.1.2  Lumbar MIS Discectomy
A true minimally invasive approach further decreases the 
size of the incision and makes use of a tubular retractor to 
maintain consistent visualization into the specific surgical 
field.

MIS techniques typically exploit an intramuscular 
approach through a small paraspinal incision, which pre-
serves musculotendinous insertions and further limits local 

soft tissue trauma. Specialized instruments facilitate discec-
tomy in a small working area. Some studies have demon-
strated benefits such as decreased blood loss and lower 
length of stay with tubular microdiscectomy compared with 
traditional open or mini-open discectomy [8], while other 
studies have demonstrated no difference [9]. The overall lit-
erature has not demonstrated a longer-term clinical advan-
tage or difference in complication rates for either approach 
[9]. One randomized controlled trial of 325 patients showed 
no differences in patient-reported outcomes or reoperation 
rates at five years [10]. Nonetheless, the decreased soft tissue 
trauma and expedited postoperative recovery make this an 
attractive option.

15.3.1.3  Lumbar Endoscopic Discectomy
This option is becoming increasingly utilized for lumbar 
disk herniations and in many areas around the world is 
becoming the predominant treatment modality. Depending 
on the location of the herniated disk anatomically, this tech-
nique may be used to target more central or paracentral her-
niations via an interlaminar window (posteriorly between the 
dorsal aspect of the lamina), or more laterally via the fora-
men for more laterally based or extraforaminal herniations 
(transforaminal approach).

Studies comparing endoscopic approaches with both 
minimally invasive and open approaches have found rela-
tively equivalent longer-term outcomes, with shorter-term 
benefits and more expedited recovery. For example, Ruetten 
randomized 178 patients with lumbar disk herniations to 
either an endoscopic or microscopic approach and found no 
difference in patient-reported outcomes as assessed by the 
visual analog scale (VAS), Oswestry Disability Index (ODI), 
or NASS scores, as well as no difference in recurrence or 
complication rates [11]. They did, however, show a shorter 
operative time (22 versus 43  minutes, p  <  0.0001), lower 
postoperative pain medication use, and shorter time to return 
to work (25 versus 49  days, p  <  0.01) in the endoscopic 
group. These findings were mirrored in other RCTs which 
demonstrated no difference in longer-term patient-reported 
outcomes between patients undergoing an endoscopic com-
pared with microendoscopic or endoscopic compared with 
open approach [12].

15.3.2  Lumbar Spinal Stenosis

Lumbar spinal stenosis is another common diagnosis that is 
amenable to minimally invasive solutions. Under the 
umbrella of lumbar spinal stenosis, several anatomic areas 
contribute to neural compression and symptoms. The hyper-
trophied ligamentum flavum and degenerative facet joints 
and associated bony growth contribute to dorsal compression 
and lateral recess stenosis. Complete dorsal and lateral recess 
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decompression is essential for a good clinical result. This 
standard open decompression for lumbar spinal stenosis con-
sists of a midline tissue dissection involving the release of 
musculotendinous insertions. Minimally invasive techniques 
have the same surgical goals while minimizing collateral 
musculoligamentous tissue damage.

15.3.2.1  MIS Lumbar Decompression
Minimally invasive approaches to lumbar decompression 
typically include a unilateral paraspinal approach in order to 
preserve the midline musculotendinous structures, while still 
achieving a bilateral decompression. Termed a unilateral 
laminotomy with bilateral decompression (ULBD), this 
approach utilizes a partial removal of the lamina (the lami-
notomy) to remove the hypertrophied ligamentum flavum 
and parts of the facet joints, which are typically overgrown 
and causing significant compression in its advanced degen-
erative state [13]. One meta-analysis found higher patient 
satisfaction scores and lower pain scores with this approach 
compared to a traditional open approach [14].

15.3.2.2  Endoscopic Lumbar Decompression
Options also exist that use endoscopy for decompression in 
spinal stenosis. The interlaminar approach provides direct 
access to the posterior spine and is more commonly used in 
endoscopic decompression of lumbar spinal stenosis. This 
approach facilitates decompression of the posterior elements 
while still allowing access to the lateral recess, as the surgi-
cal goals remain the same as an open or minimally invasive 
approach. Randomized controlled trials have demonstrated 
equivalent one-year outcomes between endoscopic decom-
pression for spinal stenosis compared with microscopic lam-
inectomy [15]. The literature has also demonstrated similar 
complication rates between traditional MIS and endoscopic 
surgery for spinal stenosis [16, 17].

15.3.3  Lumbar Spinal Instability

Although minimally invasive techniques are most commonly 
used for pathology such as disk herniations, expanding indi-
cations have allowed for its use in spinal fusions for a variety 
of clinical indications.

15.3.3.1  MIS Lumbar Fusion
In general, indications for spinal fusion include degenerative 
changes causing axial pain, spondylolisthesis and stenosis 
causing neural compression, or spinal deformity. It is impor-
tant to note that spinal fusion is both a mechanical process 
and a biologic process and that in the native spine the inter-
vertebral disk and cartilaginous endplates act as natural bar-
riers to osseous ingrowth. Therefore, during a surgical fusion, 
adequate debridement and preparation of any surface meant 

to participate in fusion are paramount to the long-term clini-
cal success [18]. Failure to do this sufficiently will result in 
lack of fusion, termed a pseudarthrosis , which can lead to 
persistent or recurrent symptoms of instability or neural 
compression. Minimally invasive approaches offer a multi-
tude of benefits as previously discussed; however, the par-
ticular challenge posed in minimally invasive fusions is 
adequate debridement and preparation of the fusion area. 
Despite these initial concerns, good fusion results have still 
been achieved with minimally invasive approaches through 
careful surgical technique [19, 20]. In many cases, more 
potent biologic materials are used as adjuncts to spinal 
fusion. These may be osteoconductive materials that act as a 
scaffold such as autograft or allograft or osteoinductive 
materials that facilitate the biologic process such as bone 
morphogenic protein.

• Posterior Approaches—MIS Fusion

One of the most common uses of minimally invasive 
interbody fusions is the utilization of a posterior approach 
through a transforaminal window. Unlike traditional open 
posterior approaches, which utilize a midline incision, an 
MIS transforaminal interbody fusion (MIS TLIF) is achieved 
via small incisions off the midline using an intramuscular 
approach (known as the Wiltse approach). This intramuscu-
lar plane is utilized both for decompression and for disk 
space access, as well as pedicle screw placement. MIS TLIF 
approaches have consistently been shown to have benefits 
over an open approach including decreased blood loss, less 
perioperative pain, and shorter length of stay, with equivalent 
long-term clinical outcomes [21]. Furthermore, the term 
“minimally invasive,” as with previously described surgeries, 
may encapsulate a variety of techniques. Techniques utiliz-
ing both tubular systems and endoscopic systems have been 
described with similar fusion rates with a variety of implants 
[22, 23].

• Anterior and Lateral approaches—MIS fusion

Interbody fusions can also be performed via anterior, 
oblique, or lateral approaches, where restoration of the disk 
height and improvement in vertebral alignment provides 
indirect decompression of the neural elements. These 
approaches to fusion maximize intervertebral distraction to 
achieve increased height of the foramen and opening of the 
lateral recesses in order to avoid the need for direct visualiza-
tion and exposure of the neural elements.

There are three broad areas for approaches to the anterior 
vertebral column: anterior, via an anterior abdominal inci-
sion and retroperitoneal access; oblique, between the vessels 
and anterior to the psoas; and lateral, through the psoas mus-
cle (transpsoas). The majority of these cases also include 
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concurrent posterior stabilization and fusion via the Wiltse 
approach described previously. As with other minimally 
invasive surgeries, the challenge lies in adequate debride-
ment and preparation of the vertebral endplates. Advantages 
of these procedures include avoiding retraction and dissec-
tion around the thecal sac and nerve roots, as would be 
required with a posterior approach. Disadvantages include 
the proximity to the great vessels and the potential for 
abdominal or vascular complications [24]. Some approaches 
such as the lateral transpsoas approach also necessitate neu-
romonitoring due to proximity to nerves within the psoas 
muscle [25]. Clinical outcomes and fusion rates are compa-
rable between the multiple approaches and certain nuances 
such as body habitus, history of prior abdominal or spinal 
surgery, and other factors can influence a surgeon’s decision 
to perform one approach versus another, but are outside the 
scope of this chapter [26, 27].

15.4  Postoperative Rehabilitation

Patients with chronic spine complaints often become more 
and more deconditioned, given the limitation of activity due 
to pain. When pain is relieved with spine surgery, after the 
expected course of tissue healing, physical therapy is started 
with the goal of improvement of function, ROM, strengthen-
ing, and patient education to prevent further injury in the 
future. If there was any weakness prior to the surgery, physi-
cal therapy could assist with functional recovery although 
the degree of recovery depends on chronicity of weakness. 
There is no uniform consensus regarding physical therapy 
after minimally invasive surgeries for spine, but in general, 
spine stabilization program is what most patients postopera-
tively pursue [27]. Physical therapy can include soft tissue 
treatment. Manual therapy can assist with soft tissue mobili-
zation, and thermal modalities could reduce pain and increase 
compliance with exercises. Some patients develop either 
postoperative flat back or swayback posture, and physical 
therapy may assist with the improvement of symptom and 
strengthening paraspinal muscles. Multifidus muscle, ham-
strings, and transverse abdominis become important targets 
for PT programs, and some therapists used surface EMG for 
biofeedback during strengthening exercises [28]. There is 
also an effort to increase stamina and endurance in the post-
operative phase, and progress could be tracked by means of 
6-minute or 12-minute walk testing. Finally, improving in 
range of motion and flexibility becomes a part of the reha-
bilitation program. In patients who have interbody fusions, 
depending on the level and number of levels treated, there 
may be a plateau in the improvement of range of motion. 
Improving range of motion of hip and knee and ankle will 
improve patient’s function and is as important as improving 
the spine range of motion.
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16.1  Lumbar Decompression

16.1.1  Introduction

Lumbar spinal stenosis is a condition resulting from narrow-
ing of the lumbar spinal canal, usually from facet and liga-
mentum flavum hypertrophy resulting in compression of 
spinal nerves and resultant neurogenic claudication. The ini-
tial treatment for many patients is conservative; however, 
surgical intervention is indicated in those with refractory leg 
pain and/or neurological deficit. The more severe the symp-
toms and the more severe the neurological compression, the 
more likely symptoms will progress and the less likely they 
will respond to conservative management. Decompressive 
lumbar laminectomy involves the removal of some of the 
posterior elements of the spine in order to relieve the neural 
impingement (Fig. 16.1).

16.1.2  Indications

Operative intervention in lumbar spinal stenosis is consid-
ered after failed nonoperative care (physical therapy, medi-
cations, and injections) [1]. However, patients with weakness 
or severe, intractable pain are candidates for early interven-
tion. Patients with rapidly progressive neurological deficit or 
cauda equina syndrome should undergo urgent operative 
intervention. A relative contraindication for laminectomy 
alone is patients with spondylolisthesis. Patients with this 
accompanying spinal instability may need to undergo fusion 
in addition to decompressive laminectomy.

16.1.3  Technique

Lumbar laminectomy can be done through a traditional 
midline approach to the lumbar spine. The lamina is exposed 
while being careful to preserve the facet joint capsules. 
Following this, the spinous process of the cranial level (i.e., 
the L4 spinous process for L4–5 level) can be removed 
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followed by the lamina bilaterally, heading cranial to the 
insertion of the ligamentum flavum but being careful to 
excessively thin out the area of the pars interarticularis. 
Once the ligamentum flavum is freed cranially, a curette can 
then be used to free it laterally and distally from its insertion 
on the caudal lamina. The ligamentum can then be left in 
place as a barrier between the surgeon and the dura. The 
decompression is then carried laterally into the area of the 
lateral recess, resecting the medial portion of the facet joint 
out to where the pedicle of the caudal level is palpable. The 
ligamentum flavum can then be removed to expose the 
underlying thecal sac.

In a similar fashion, several different variations of lumbar 
laminectomy have been developed in an attempt to preserve 
more of the native anatomy. One such approach is the attempt 
at using a unilateral laminar window to decompress not only 
the ipsilateral side but then reach across and decompress the 
contralateral side, allowing for preservation of the spinous 
process, interspinous ligaments, and muscle insertions on the 
contralateral side. However, the goal is the same, to achieve 
adequate lateral recess and central decompression.

16.1.4  Complications

The most common complication after lumbar laminectomy 
surgery is dural tear, with a rate of 9 [2]. The 8-year reopera-
tion rate in the SPORT trial was 18%. Iatrogenic instability 
may occur if the area of the pars interarticularis is thinned 
out too much and fractures.

16.1.5  Outcomes

In patients with symptomatic lumbar stenosis, lumbar lami-
nectomy demonstrates an overall advantage over nonopera-
tive care until at least 5  years out from surgery for pain, 
function, satisfaction, and self-rated progress scores. The 
outcomes between surgery and nonsurgical care tend to con-
verge after 5 years or so, with some groups in the SPORT 
trial maintaining an advantage for surgery out to 8 years [2].

16.2  Laminoplasty

16.2.1  Introduction

Cervical spondylotic myelopathy is the result of degenera-
tive compression on the cervical cord, eventually resulting in 
deterioration of neurological function. The initial approach 
to this issue was posterior decompression with laminectomy; 
however, multilevel laminectomy without stabilization often 
led to postoperative kyphosis and instability [3]. Cervical 
laminoplasty is a technique designed to avoid this issue by 
retaining the posterior elements. It is a posterior-based, 
lamina- preserving technique that expands the spinal canal in 
order to alleviate cervical stenosis (Fig.  16.2). It was first 
described as a technique for the management of cervical 
myelopathy and can be used in cases of myelopathy second-
ary to ossification of the posterior longitudinal ligament 
(OPLL), congenital stenosis, and cervical spondylosis [4]. It 
serves as an alternative to laminectomy with or without 

Fig. 16.2 Postoperative 
images of multilevel cervical 
laminoplasty. (Images from 
author’s library)
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fusion. Because it relies on posterior drift of the spinal cord, 
it is ideally performed in a patient with a lordotic cervical 
spine where the alignment allows the spinal cord to drift 
backward posteriorly.

16.2.2  Indications

Laminoplasty was originally developed as a way to decom-
press the cervical spinal cord across multiple segments with-
out having to perform a fusion and while trying to avoid the 
complication of post-laminectomy kyphosis, which comes 
with laminectomy alone. The ideal patient for patients with 
multilevel stenosis needs ≥3 level decompression with pre-
served cervical lordosis; however, up to 10 degrees of cervi-
cal kyphosis has been shown to produce adequate spinal cord 
decompression [5]. It should be avoided in patients with 
ossification of the ligamentum flavum as the dural adhesions 
make posterior opening more difficult. If patients have sig-
nificant axial neck pain as a portion of their complaints, sur-
geons may choose to avoid laminoplasty as it is not intended 
to treat neck pain. While earlier studies had warned of 
increasing axial neck pain with laminoplasty, more modern 
studies have demonstrated that laminoplasty does not 
increase axial neck pain postoperatively [6]. That being said, 
if axial neck pain is a significant portion of their complaint 
complex, laminoplasty may not fare as well as the alterna-
tives. If patients have significant foraminal stenosis requiring 
foraminotomy, laminoplasty typically allows for a more 
thorough foraminotomy on the open-door side as opposed to 
the hinge side.

16.2.3  Technique

Intubation should be performed with caution to not extend 
the cervical spine past where the patient can comfortably 
extend prior to surgery. A Mayfield head holder can be 
applied to provide a stable mechanism for holding onto the 
head while leaving the eyes and face free. Depending on the 
severity of the stenosis, some patients may receive arterial 
line placement in order to ensure mean arterial pressures 
>80 mm to ensure adequate cord perfusion. Neural monitor-
ing is routinely set up in myelopathy cases, which can help 
identify problems during positioning and during the canal 
expansion phases. The patient is then placed prone on the 
operating table and the head was secured via the Mayfield to 
the table. The arms are tucked at the side taking care to pad 
the ulnar nerves and the bed was placed in reverse 
Trendelenburg to minimize the bleeding.

Once the patient is prepped and draped, a midline incision 
is made over the spinous process spanning whichever seg-
ment needs to be addressed. Electrocautery is used to dissect 

down to the spinous processes taking care to stay in the mid-
line avascular plane. Fluoroscopy is then used to localize the 
correct levels intraoperatively. Once on the spinous pro-
cesses, the dissection is carried out laterally to the lateral 
mass/lamina junction. Any muscle insertions onto the C2 
spinous process should be preserved as this decreases the 
risk of postoperative kyphosis. If performing a laminoplasty 
to decompress C2 to T1, the interlaminar ligaments at C2–3 
and C7-T1 are removed. A high-speed burr is then used to 
prepare the opening troughs. The burr is placed along the 
lamina/lateral mass junction, and the bone is thinned down to 
the remaining cortex at the bottom. The opening trough can 
then be completed using the same burr or by switching to a 
Kerrison Rongeur. Once all the opening troughs are created, 
the hinge-side trough is prepared on the opposite side. In a 
similar fashion, the burr is placed along the lateral mass/
lamina junction and the bone is thinned down to the ventral 
cortex but not through it. The hinge stiffness can be checked 
periodically, and the thinness of the ventral cortex is adjusted 
until you have a hinge, which is malleable enough to open 
yet still thick enough not to break completely during the 
opening. Using two small curettes, the lamina is then ele-
vated on the opening side and any remaining ligamental 
attachments are resected. Care must be taken not to allow the 
hinges to suddenly close back shut. The opening is done in 
sequence heading from C3 down to C7 until adequate spinal 
canal expansion is achieved.

The lamina on the opening side can then be held in 
place using plate fixation, sutures, allograft struts, or auto-
graft struts made from the spinous processes. The spinous 
processes can then be trimmed to allow for decreased 
prominence or left in place. A deep drain is then placed, 
and the wound was then closed in layers. Patients are then 
placed in a soft collar with the goal of quick return to 
motion to prevent postoperative discomfort and range of 
motion loss [3, 7].

16.2.4  Complications

The complications for cervical laminoplasty tend to focus on 
segmental nerve root palsies, axial neck pain, loss of range of 
motion, and loss of cervical lordosis. The most common 
motor deficit is the C5 nerve root palsy, which can have an 
incident of 5–11% and tends to occur on post-op day number 
2 or 3 [8, 9]. While the C5 root is the most common, these 
nerve palsies can occur in any of the segmental nerve roots 
and have also been described after laminectomy and fusion 
and anterior cervical procedures [3, 10]. Loss of cervical 
motion has been reported after laminoplasty of 15.4 ± 8.4°l; 
however, this is less than laminectomy and fusion [11]. Loss 
of cervical lordosis is about 35%, with 10% of patients going 
on to develop post-laminoplasty kyphosis [12]. Loss of 
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cervical lordosis has also been reported, with kyphosis rates 
ranging from 2% to 6%. However, early removal of cervical 
orthoses, early initiation of postoperative neck exercises, and 
modifications of surgical technique have been shown to pre-
serve cervical lordosis [13] .

Axial neck pain following laminoplasty has a range of 6 
to 60% in meta-analyses [12]. Axial neck pain has been 
shown to be significantly higher in laminoplasty than after 
fusion [14]. However, more recent studies suggest there is no 
worsening in axial neck pain symptoms following lamino-
plasty [6]. Postoperative axial symptoms may be limited by 
correct patient selection and adjustment of surgical tech-
niques, including avoiding those prone to developing postop-
erative kyphosis, preservation of facet capsules, and C3 and 
C7 laminectomies instead of laminoplasty and early postop-
erative rehabilitation [15, 16].

16.2.5  Outcomes

Neurological outcomes following laminoplasty are excel-
lent, with multiple studies and meta-analyses showing 80% 
of patients with improved neurological outcomes [12, 17, 
18]. When comparing neurological outcomes to those after 
laminectomy and fusion, there are no significant differences; 
however, other complications were higher in the fusion 
group including myelopathy progression, nonunion, instru-
mentation failure, subjacent segment degeneration, reopera-
tions, and infection [9]. Using pre- and postoperative 
Japanese Orthopedic Association (JOA) scores, neurologic 
recovery rate is 72% in a study of 25 patients after a 34-month 
follow-up [19].

16.3  Microdiscectomy

16.3.1  Introduction

Lumbar disk herniation is one of the most common causes of 
lumbar radiculopathy. Symptoms from the herniated disk 
result from a multifactorial mechanism comprised of 
mechanical compression of nerve roots by extruded material, 
inflammatory signaling, and an acidic microenvironment 
within the herniated lumbar disk [20]. The majority of 
patients with radiculopathy from lumbar disk herniations are 
treated conservatively; however, for those with continued 
symptoms microdiscectomy is a consideration. 
Microdiscectomy provides excellent, long-term outcomes 
for radiculopathy due to lumbar disk herniations. The 8-year 
outcomes of the Spine Patient Outcomes Research Trial 
(SPORT) demonstrated better outcomes with regard to pain 
and functional status when comparing operative versus non-
operative management of lumbar disk herniation [21].

16.3.2  Indications

Absolute indications for lumbar microdiscectomy include 
bowel and bladder dysfunction due to massive disk hernia-
tion (i.e., cauda equina syndrome) and progressive neuro-
logical deficit. More relative indications include failure of 
conservative measures for 6–12 weeks and those who pres-
ent with profound neurological deficits. Though surgery is 
commonly performed for the relative indications, there is no 
consensus on when conservative care should be abandoned 
and patients are referred to surgery. There are studies demon-
strating prolonged symptom duration to have adverse effects 
on outcomes after microdiscectomy; however, the duration 
of symptoms in these studies ranges from 2 to 12  months 
[22, 23, 24].

16.3.3  Technique

After intubation, patients are positioned prone on a Wilson 
frame, Andrews table, or Jackson table. The hips and knees 
are flexed to decrease lumbar lordosis and allow for increased 
access through the interlaminar window. The interlaminar 
window is used for the vast majority of lumbar disk hernia-
tions within the central canal or subarticular zones. Far lat-
eral herniations may be treated with the intertransverse 
window.

For the interlaminar approach, an incision is made directly 
over the midline posteriorly over the spinous processes. 
Dissected is carried down to the spinous processes and then 
subperiosteal approach is undertaken on the side of the spi-
nous process ipsilateral to the herniation. A retractor is then 
placed, and fluoroscopy was used to confirm the operative 
level. A laminotomy of the cephalad lamina and minimal 
medial facetectomy is performed using a burr and Kerrison 
Rongeur, being careful to preserve at least 5 mm of the lat-
eral pars interarticularis. The laminotomy should be wide 
enough to allow for palpation of the pedicle and mobilization 
of the traversing nerve root. The ligamentum flavum is then 
freed from its lateral insertion, and the lateral edge of the 
traversing root was identified. The traversing root is then 
mobilized medially allowing for access to the disk space in 
the safe zone lateral to the traversing root and in the axilla of 
the exiting root. Once the disk herniation is visualized, free 
fragments can be removed with a pituitary rongeur. If the 
disk herniation is contained, the annulus can be incised with 
a 15- or 11-blade scalpel and the disk space itself is entered. 
The disk fragment can be teased out with a nerve hook. 
Within the disk space, any remaining free fragments can be 
removed and the disk space was irrigated with angiocath to 
ensure no other free fragments remain.

For far lateral herniations, the intertransverse window can 
be used to gain access to the herniated disk fragment. The 
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dissection is carried off midline in a plane between the mul-
tifidus and longissimus muscles. A retractor is placed, and an 
intraoperative radiograph was taken to confirm the correct 
level. The transverse processes are then exposed, and the 
intertransverse membrane lifted off the transverse process 
and retractor cranially. Gentle blunt dissections are used to 
identify the disk space and ensure you are below the exiting 
nerve root. A nerve hook and pituitary rongeur are then used 
to tease out the herniated disk fragments while minimizing 
nerve root retraction. This technique places the surgery on 
close proximity to the dorsal root ganglion, and so, retraction 
may result in postoperative radiculitis and/or complex 
regional pain syndrome.

Following both techniques, the disk space is irrigated 
using angiocath irrigation to ensure there are no other free 
fragments. The wound is then closed in layers.

16.3.4  Complications

Microdiscectomy complications include durotomy surgeon- 
dependent complications such as durotomy, nerve root 
injury, instability, and missed pathology and environment- 
dependent complications such as recurrent disk herniation, 
wound infection, and hematoma. Durotomy rates range 
from 0.7% to 4% for primary microdiscectomies [25]. A 
2015 meta-analysis demonstrates nerve root injury rates of 
1.1–2.6%, wound complication rates from 0.5% to 2%, 
hematoma rates of 0.5–0.6%, and reoperation rates of 7.1–
10.2% [26]. Instability can result from excessive resection 
of the lamina, which results in a thin pars interarticularis, 
which fractures postoperatively or > 50% resection of the 
facet joint. 8-year SPORT data demonstrated 9.1% of 
patients who had primary discectomy undergoing revision 
surgery for re- herniation within the 8-year follow-up 
period. 37.8% of those procedures were during the first 
year after surgery [27].

16.3.5  Outcomes

In patients with lumbar radiculopathy due to disk herniation 
with leg symptoms persisting at least 6 weeks, surgery was 
superior to conservative treatment in relieving sciatic symp-
toms and improving function. At 8-year follow-up, surgical 
patients in the SPORT trial demonstrated significant advan-
tages in sciatica bothersomeness, satisfaction with symp-
toms, and self-rated improvement [21]. Patients with 
significant medical comorbidities such as diabetes or smok-
ing and those with ongoing litigation, worker’s compensa-
tion claims, or depression are less likely to experience 
favorable outcomes with surgery [28, 29].

16.4  Anterior Cervical Discectomy 
and Fusion (ACDF)

16.4.1  Introduction

Degenerative conditions resulting in radiculopathy and 
myelopathy are frequently encountered in the cervical spine. 
Anterior cervical discectomy and fusion (ACDF) is the most 
common operation used to decompress the neurological struc-
tures and restore disk height. It has been shown to have excel-
lent clinical results and has a relatively safe track record. It 
offers the advantage of directly visualizing anterior compres-
sive structures such as the disk and/or anterior osteophytes, 
this allows for their removal of the spinal cord and nerve roots.

16.4.2  Indications

Current indications for ACDF are patients with cervical 
spondylosis, presenting with cervical radiculopathy or 
myelopathy that has been unresponsive to conservative care. 
It can also be indicated in cases of cervical degenerative disk 
disease It is generally done for 1–3 levels of cervical disk 
disease. Posterior cervical surgery should be considered in 
cases in which compressive lesions extend to >3 levels. 
Contraindications to ACDF include approach-related con-
cerns that preclude anterior access (including the previous 
history of anterior neck radiation).

16.4.3  Technique

Patients are positioned supine on standard operating table 
with their cervical spine in neutral position. Their shoulders 
may be taped down to facilitate the X-rays, although great 
care should be taken as to the amount of force applied through 
the tape. A standard Smith–Robinson approach to the anterior 
cervical spine is then undertaken, coursing between the strap 
muscles and sternocleidomastoid superficially and the esoph-
agus and carotid sheath more deeply. Once the correct level is 
localized via fluoroscopy, the longus colli muscles are ele-
vated and a retractor placed underneath them. A knife is then 
used to enter the disk space, and a complete discectomy is 
then performed. The posterior longitudinal ligament can then 
be resected, and a Kerrison was used to decompress the fora-
men. Once the decompression is complete, the trials are 
brought in for the cervical disk arthroplasty. The appropriate 
size is then picked both by how it feels and by fluoroscopy 
images. Some surgeons utilize allograft bone for the implant, 
while others utilize synthetic cages, which can then be filled 
with demineralized bone matrix or synthetic materials for 
fusion. Once the implant is placed, an anterior plate is then 
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added with screws fixated into the bone on either side of the 
disk to be fused. The top of the plate is kept >5 mm away 
from the adjacent disk space so as to minimize the risk of 
adjacent level ossification (Fig. 16.3).

16.4.4  Complications

Complications of ACDF can include approach-related issues 
such as esophageal perforation, dysphagia, vertebral artery 
injury, and recurrent laryngeal nerve injury. Esophageal per-
foration is an uncommon complication with a rate of 0.3–
0.9% [59, 60]. Surgeons should have a high index of 
suspicious for this as the late consequences of this can result 
in mediastinitis and sepsis. Immediate postoperative dyspha-
gia is relatively common after ACDF, with some series docu-
menting anywhere between 2% and 67% incidence; however, 
this tends to decrease over time [61]. Vertebral artery injury 
is uncommon with an incidence of 0.1–0.5% but can result in 
stroke and severe postoperative neurological deficit. The ver-
tebral artery is generally located 1–2 mm lateral to the unco-
vertebral joint and can be injured by excessive lateral bone 
removal. Vocal cord paralysis due to recurrent laryngeal 
nerve injury has an incidence of 2–3% [62]. The etiology is 
usually due to compression of the nerve against the larynx.

Degeneration of adjacent disks after ACDF has been 
known to occur. In systematic reviews, asymptomatic adja-
cent segment degeneration had an incidence of 16–96% with 
symptomatic degeneration having a range of 1.8–36% [63].

16.4.5  Outcomes

Long-term clinical outcomes for ACDF tend to be very 
favorable. In a study on >10-year clinical outcomes of ACDF, 
there were significantly improved outcomes for all diagnoses 

that were sustained out to 10 years [57]. In another study of 
patients with substantial preoperative neck pain undergoing 
ACDF, there were significant reductions in neck pain, dis-
ability, and physical function scores after ACDF [58].

16.5  Cervical Foraminotomy

16.5.1  Introduction

The use of a posterior approach for the treatment of cervical 
radiculopathy was first described by Mixter [30]. Posterior 
cervical foraminotomy can be used to treat foraminal steno-
sis and/or foraminal disk herniation causing a radiculopathy. 
The borders of the neural foramen are the disk and uncover-
tebral joint ventrally, the pedicles above and below, and the 
superior articular facet of the caudal segment (i.e., the C5 
superior articular facet for the C4–5 foramen). The concept 
of foraminotomy is the posterior unroofing of the neural 
foramen by removing the medial portion of superior articular 
process and allowing the nerve root to float dorsally away 
from anterior pathology.

16.5.2  Indications

Posterior cervical foraminotomy can be done in patients with 
foraminal stenosis and foraminal disk herniations resulting 
in cervical radiculopathy, which fails to respond to nonsurgi-
cal treatments.

16.5.3  Technique

Patients are positioned prone for the foraminotomy. Their 
head may be placed into Mayfield head holder or Gardner 
Wells tongs. The table is then placed into reverse 
Trendelenburg, and the shoulder is taped down slightly to 
facilitate fluoroscopy. The head should be flexed to un- 
shingle the facet joint and allow more visualization of the 
superior articular facet. Once the patient is prepped and 
draped, a small midline incision can be made and subperios-
teal dissection is carried down to the cervical lamina and 
facet joint. Intraoperative X-ray should then be taken to con-
firm that this is the appropriate level.

Following that, a high-speed burr can be used to resect the 
medial portion of the inferior articular process, which is 
overlying the superior articular process. Once the superior 
articular process is visible, this can be thinned down with the 
burr and then resected with a Kerrison Rongeur out to the 
lateral margin of the pedicles. The lateral walls of the cranial 
and caudal pedicles can then be palpated with a nerve hook 
to ensure there is no residual bony overlying the area of the 

Fig. 16.3 Lateral views of postoperative C4–5 and C5/6 ACDF. 
(Images from author’s library)
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foramen. Hemostasis can then be achieved with hemostatic 
agents such as Gelfoam Thrombin or Floseal. The wound is 
then irrigated, and multilayer closure is undertaken.

16.5.4  Complications

Special attention should be paid when performing the foram-
inotomy at C4–5 as C5 palsy is a well-known complication 
of any posterior cervical surgery, with incidences ranging 
from 4.7% to 6.4%. Incidental durotomy rates tend to be low 
(1–1.7%) [33].

16.5.5  Outcomes

Most studies show good or excellent outcomes of about 
85–95% for posterior cervical foraminotomy [31]. The inci-
dence of revision surgery is about 2.3% [32]. Instability can 
result from overaggressive resection of the facet joint and 
resultant lateral mass fracture. Manipulation of the nerve can 
cause worsening radiculopathy and/or neurological deficit 
postoperatively.

16.6  Lumbar Fusion

16.6.1  Introduction

Lumbar fusion can be used to treat a wide variety of patholo-
gies. It is most commonly done for patients with spondylo-
listhesis with motion on their flexion/extension films or 
patients with spinal deformities requiring reconstruction. It 
can be used to treat patients with discitis and/or discogenic 
low back pain. The choice of fusion type to perform is 
decided upon by approach-related factors and a variety of 
patient factors. Types of fusion include anterior lumbar inter-
body fusion (ALIF), transforaminal lumbar interbody fusion 
(TLIF), and posterior lumbar interbody fusion (Figs.  16.4 
and 16.5).

16.6.2  ALIF

For anterior lumbar interbody fusion (Fig. 16.4), patients are 
positioned supine, with either an inflatable pillow or fold 
blankets placed underneath them to facilitate lordosis. The 
break in the table can also be used to provide more lordosis. 
An anterior retroperitoneal approach is then undertaken to 
the anterior lumbar spine, staying outside the peritoneum, 
moving laterally to until the psoas muscle is visible, and then 
retracting the peritoneum toward the midline until the lum-
bar spine and great vessels are seen. For the L5-S1 segment, 

the middle sacral vessels will be found traversing the disk 
space from cranial to caudal and should be clipped prior to 
beginning the discectomy. To expose the L4–5 segment, 
identification of the iliolumbar vein on the left is necessary to 
ensure it does not get injured with movement of the vascular 
structures when they are retracted to the right.

A knife is used to begin the discectomy, and in a similar 
fashion to other procedures, the disk is removed with curettes, 
cobb, and other instruments while being careful to avoid vio-
lating the endplate. The posterior longitudinal ligament is 
not routinely resected but can be freed up from the back of 
the vertebral bodies with a curette. A distractor can be placed 
into the disk space to allow for better visualization. Anterior 
neural foraminotomies can then be completed with a Kerrison 
Rongeur.

Once the discectomy is completed, the disk space distrac-
tors can be removed, and the trial implants were brought in. 
Once the appropriate size is found, the final graft can be 
packed with the surgeon’s choice of bone graft/substitutes 
and then impacted into place under fluoroscopic guidance 
(Fig. 16.4).

16.6.3  TLIF and PLIF

Transforaminal lumbar interbody fusion (TLIF) or posterior 
lumbar interbody fusion (PLIF) is performed on a Jackson 
table, allowing the patient’s abdomen to hang free in order to 
minimize venous congestion and bleeding. The hips should 
be extended to maximize positional lordosis. Once the area is 
prepped and draped, the standard midline approach is under-
taken and the correct level was localized using fluoroscopy.

TLIF—After the exposure is completed the facet joint on 
the side is completely resected using a burr and kerrisons. 
This provides access to the triangular working zone between 
the exiting root, traversing root, and the caudal pedicle. 
With the nerve roots protected, the annulus of the disk is 
then incised and the disk space preparation begun. Several 
types of curettes and pituitaries have been designed for disk 
space preparation for TLIF. The disk on the ipsilateral side 
is first cleaned out, and then, longer instruments can be used 
to reach the contralateral portions of the disk. Great care 
should be taken not to violate the anterior or anterolateral 
annulus, as this could result in vascular injury. Lateral fluo-
roscopy can be used to assess the depth of the instruments in 
the disk space. Once the disk space has been cleared out, the 
trial implants can be brought in to assess the appropriate 
height of the cage. After that has been decided, the final 
implant can be packed with the surgeon’s choice of graft 
material and impacted into place. The implant should be 
placed as anterior and central as possible under fluoroscopic 
guidance. Pedicle screws can then be placed for 
stabilization.
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PLIF (Fig.  16.5)—The PLIF procedure is essentially 
identical to a TLIF other than bilateral annular windows 
that are made, and these windows are more medial than 
they would be for TLIF. The remainder of the procedure is 
 identical with disk space clean out, trialing, and impacting 
the final implants into position. These tend to go in 
straighter than the TLIF cages because of the trajectory 
available.

XLIF (Fig.  16.5)—It is an increasingly popular lateral 
trans-psoas interbody fusion technique, which utilizes a min-
imally invasive approach, sparing the anterior longitudinal 
ligament, and allowing sufficient visualization of the inter-

vertebral disks and bodies to debride and place a large, lor-
dotic cage. It is indicated for thoracolumbar spine and 
enables surgical debridement of the disk space and facilitates 
fusion. In vast majority, it is coupled with posterior pedicle 
screws fixation.

16.6.4  Complications

ALIF: Approach-related complications tend to be the most 
common with ALIF, with vascular or visceral injury being 
the result. The vascular injury rate with ALIFs is cited at 

Fig. 16.4 MR imaging of patients with L5-S1 ALIF and X-ray imaging of patient with ALIF and unilateral posterior pedicular screw fixation. 
(Images from author’s library)
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anywhere between 1.9% and 20% and is most common at the 
L4–5 level, where the bifurcation of the great vessels requires 
greater retraction of the vessels to see the disk space [34]. 
Incidence of deep vein thrombosis following ALIF ranges 
from 0% to 12.2% [35]. Retrograde ejaculations in men can 
occur as a result of parasympathetic fiber disruption. It 
occurs up to 5% in ALIF cases [34].

TLIF: Dural tear can occur as a result of passing mul-
tiple instruments and cages near the dura and has an inci-

dent rate ranging from 5.1% to 14.3% [35, 36]. 
Instrumentation failure and interbody cage migration can 
also occur at a rate ranging from 1.8% to 2.3%. Cases of 
revision TLIF also demonstrate higher infection rates than 
primary TLIF.

PLIF: As compared to TLIF for treating multilevel steno-
sis, PLIF was equivalent in terms of VAS of back pain, VAS 
of leg pain, SF-36 scores, and ODI. However, the TLIF group 
has less blood loss and shorter hospital stays [37].

a b

c d

Fig. 16.5 (a) Postoperative CT of a patient after L3/4 and L4/5 PLIF. 
(b) AP X-rays of a patient after L4–5 PLIF. (Image courtesy of Ali 
Mostoufi, MD). Images c and d demonstrate XLIF.  Extreme lateral 

interbody fusion (XLIF) is a minimally invasive lateral trans-psoas 
approach, which is coupled with pedicle screw fixation. (Images from 
author’s library)
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16.6.5  Outcomes

ALIF—ALIF has a biomechanical advantage over the poste-
rior approaches, particularly for restoration of disk height 
and lumbar lordosis [38]. It also accesses a much larger 
 portion of the disk space, allowing for placement of a larger 
implant. It also accomplishes all this without dissecting the 
posterior spinal musculature. The rate of dural injury is much 
lower in ALIF as compared with posterior approaches (TLIF 
and PLIF) [39]. Conversely, the rate of vascular injury is 
higher than in posterior approaches.

TLIF–TLIF allows for interbody fusion without the need 
for a separate anterior approach; however, the trade-off is 
more limited access to the disks space for placement of the 
interbody cage. This results in smaller disk height, less seg-
mental lordosis, and lower whole spine lordosis as compared 
to ALIF [39]. However, in terms of outcomes, meta-analyses 
have shown no difference between ALIF and TLIF for leg or 
back pain scores nor in terms of fusion rates [40, 41].

PLIF—As compared to TLIF, the PLIF approach may 
provide higher immediate stability, especially in lateral 
bending as it does not require resection of the facet joint to 
gain a more lateral entry to the disk space [42]. However, the 
more central approach requires great retraction of the dura 
and resultant higher rates of neurological injury as compared 
to TLIF (7.8 in PLIF vs 2% in TLIF) [43]. Similar to TLIF, 
cage migration can occur but is uncommon.

16.7  Disk Replacement

16.7.1  Introduction

Degenerative spondylosis resulting in radiculopathy and 
myelopathy is frequently encountered in the cervical spine. 
Traditionally, anterior cervical discectomy and fusion (ACDF) 
has been the most common operation used to decompress the 
neurological structures and restore disk height. However, adja-
cent segment deterioration and limitation in range of motion 
spurred an interest in cervical disk arthroplasty. These allow 
for maintained motion at the surgical levels and theoretically 
lower rates of adjacent segment degeneration.

In parallel, lumbar disk replacement has also become 
increasingly common as a treatment option for degenerative 
disk disease.

16.7.2  Indications

Current indications for cervical disk arthroplasty are patients 
with cervical spondylosis presenting with cervical radiculopa-
thy or myelopathy that has been unresponsive to conservative 
care. Cervical disk arthroplasty (Fig. 16.6) is currently only 

approved for 1 or 2 levels in the cervical spine. Dynamic insta-
bility (>3.5 mm of motion on flexion–extension X-rays) and 
ossification of the posterior longitudinal ligament are contra-
indications for cervical disk arthroplasty. A relative contrain-
dication in patients with axial neck pain is due to facet arthrosis 
as their axial symptoms may not improve or may worsen with 
cervical disk arthroplasty. Osteoporosis is also a relative con-
traindication due to risk of implant subsidence.

16.7.3  Technique

Patients are positioned supine on a standard operating table 
with their cervical spine in neutral position. Their shoulders 
may be taped down to facilitate the X-rays, although great 
care should be taken as to the amount of force applied 
through the tape. A standard Smith–Robinson approach to 
the anterior cervical spine is then undertaken, coursing 
between the strap muscles and sternocleidomastoid superfi-
cially and the esophagus and carotid sheath more deeply. 
Once the correct level is localized via fluoroscopy, the lon-
gus colli muscles are elevated and a retractor was placed 
underneath them. A knife is then used to enter the disk space, 
and a complete discectomy is then performed. The posterior 
longitudinal ligament can then be resected, and a Kerrison 
was used to decompress the foramen. Once the decompres-
sion is complete, the trials are brought in for the cervical disk 
arthroplasty. The appropriate size is then picked both by how 
it feels and by fluoroscopy images. Great care must be taken 
to ensure the trials are in the midline of the disk space and to 
get trials wide and deep enough to provide as much coverage 
to the endplate as possible. Following this step, once the 
implant size is selected, some systems may necessitate a keel 
cut, which can then be completed under fluoroscopy. 
Following this, the final implant can be placed, and final 
X-rays are taken to ensure the implant sits in the middle of 
the disk space.

16.7.4  Complications

Complications from cervical disk arthroplasty include sub-
sidence of the implant, device dislocation, osteolysis, and 
heterotopic ossification (HO). Radiographic subsidence has 
a range of 0% to 33%, with clinically significant subsidence 
being around 3% [46]. Arthroplasty should be performed 
with caution in patients with osteoporosis, and great care 
should be taken with the endplates at the time of surgery. 
Risk of subsidence and implant dislocation can be reduced 
by avoiding drilling and preserving the endplates during disk 
space preparation. Subsidence risk can also be lessened by 
avoiding placement of an implant with too large a height for 
the disk space.
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Heterotopic ossification can also occur after cervical disk 
arthroplasty, ranging from minimal to inadvertent arthrode-
sis. Male sex and older age have been shown to be risk fac-
tors for HO [47]. Some degree of HO is common after 
cervical disk arthroplasty, with rates approaching 53.6% at 
the 5- to 10-year range [48]. The risk can be decreased by 
avoiding excessive drilling and appropriate sizing of the 
implant to provide near-complete endplate coverage. Similar 
to hip arthroplasty, patients can be placed on nonsteroidal 
anti-inflammatory drugs during the early postoperative 
period to try and reduce the risk of HO.

16.7.5  Outcomes

In a study of 2-level degenerative disease, Fay et al. demon-
strated cervical disk arthroplasty to preserve mobility at the 
operative levels and provide similar outcomes to ACDF. Another 
prospective study on 2-level cervical disk arthroplasty vs 
ACDF demonstrated significantly greater improvements in 
neck disability index, patient satisfaction, and perceived overall 
success in the arthroplasty group [44]. The ACDF patients also 
had a higher rate of subsequent surgeries (15.2% vs 4%) and 
radiographic adjacent disk degeneration. However, when com-
paring cervical arthroplasty to ACDF, most studies have not 
shown a difference in adjacent segment pathology [45].

16.8  Coccygectomy

16.8.1  Introduction

Coccydynia can occur as a result of acute or cumulative 
trauma to the coccyx. The majority of patients are treated 
conservatively; however, in refractory cases coccygectomy 
can be considered. This pain can be quite debilitating, par-
ticularly while sitting. Patients who fail treatments such as 
NSAIDs, sitting aids, and warm compresses can undergo 
injection of local anesthetic and steroids. Those who fail to 
achieve good long relief can consider coccygectomy.

16.8.2  Technique

Patients are positioned in the prone position and both gluteal 
regions held out of the way with adhesive tape. A longitudi-
nal incision is made over the coccyx, taking great care to 
avoid the rectal sphincter. The disk between the sacrum and 
coccyx is then exposed and removed. A towel clamp can then 
be used to grab the coccyx and pull it forward. The surround-
ing soft tissues are then elevated and dissected free. Once the 
coccyx is removed, rectal integrity can be checked from 
inside the incision and then the wound was thoroughly irri-
gated and closed in layers.

Fig. 16.6 Image shows 
example of C5/6 disk 
replacement surgery
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16.8.3  Complications

The most common complication of coccygectomy is infec-
tion. Overall wound infection rates were 10% [50]. E. coli 
and S. aureus were the most frequently recorded bacteria. 
Other wound complications such as hematoma, persistent 
drainage, and wound dehiscence can occur and necessitate 
surgical management; however, they are less common than 
wound infection.

16.8.4  Outcomes

A study by Cebesoy et al. demonstrated high patient satisfac-
tion rates with coccygectomy [49]. At 24 months, mean VAS 
scores had decreased to 2.76. In another meta-analysis, 84% 
of patients had an excellent or good outcomes [50].

16.9  Deformity Surgery

16.9.1  Introduction

The adult human spine has a carefully balanced sagittal pro-
file, which functions to position the head directly over the 
sacrum and pelvis. This balance allows for less energy usage 

in maintaining forward gaze and has been described as the 
cone of economy [51]. When misalignment of the spinal col-
umn leads to the spinal column existing outside of this cone, 
increased energy is required to maintain upright posture. The 
resulting increased energy expenditure and asymmetric load-
ing of motions segments lead to pain, which can be 
debilitating.

16.9.2  Indications

For patients with sagittal imbalance who continue to be 
symptomatic despite conservative care, surgical deformity 
correction can be considered (Figs. 16.7 and 16.8). Due to 
the nature of these surgeries, imperative patients are care-
fully screened and ruled out for osteoporosis, smoking, and 
nutritional abnormalities.

16.9.3  Technique

The technique chosen for deformity correction depends in 
part on the pathology driving the deformity. For regional 
sagittal balance deformities (i.e., one driven by mostly tho-
racic spine), most deformity corrections will occur via a 
posterior- based approach. For global sagittal balance defor-

Fig. 16.7 Preoperative and 
postoperative plain films of a 
patient with thoracic kyphosis
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a b

c d

Fig. 16.8 Preoperative and 
postoperative images of a 
49-year-old woman with 
painful thoracolumbar 
scoliosis. Images a and b 
show preoperative AP and 
lateral views. c and d are 
postoperative films, with the 
patient wearing a brace to 
reduce motion and lessen pain
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mities, the patient’s deformity can be classified as to how 
flexible and correctable it is and then a treatment plan 
involves posterior- only or combined anterior–posterior 
approach.

If there is a flexible deformity at the disk level, a Smith–
Peterson type osteotomy (SPO) can be done at multiple lev-
els to achieve correction. The SPO involves a wedge-shaped 
osteotomy, which removes part of the facets, posterior arch, 
and ligamentum flavum and allows for approximately 9–10 
degrees of deformity correction per level [52]. SPOs are thus 
best suited for long-sweeping thoracic kyphosis where mul-
tiple levels can be done to achieve correction.

For fixed deformities, pedicle subtraction osteotomy 
(PSO) can be considered. This involved removing a wedge 
of bone from the vertebral body along with the entire poste-
rior arch and pedicles. The procedure consists of initially 
removing the posterior bony elements and then resecting the 
pedicles down to the vertebral body. A wedge from the ver-
tebral body is then removed with osteotomes, taking care not 
to remove the anterior wall itself. Once the bone elements are 
resected, compression can be delivered through the pedicle 
screws and/or the surgical table was extended to achieve clo-
sure of the osteotomy. Most PSOs can achieve 30–45 degrees 
of correction [53].

The most severe and rigid deformities may require total 
vertebral column resection (VCR). This involves resection of 
the entire posterior column and vertebral body from the pos-
terior approach. An interbody cage can then be placed to fill 
the defect created by resection of the vertebral body.

16.9.4  Complications

The rate of complications ranges from 20% to more than 
50% in some series for adult deformity correction. The most 
common complications are dural tear (5.9%), wound infec-
tions (3.8%), neurological deficit (3.6%), and instrumenta-
tion failure (1.7%) [54]. Proximal junctional kyphosis (PJK) 
or forward bending at the upper end of the spinal fusion is 
also a well-known complication in adult deformity surgery. 
Most cases occur within 2 years of the index surgery, and the 
incidence ranges from 5% to 46% [55].

16.9.5  Outcomes

Despite the relatively high rate of complications, outcomes 
after adult deformity correction tend to be relatively good, 
resulting in decreased pain and longer ambulation distances 
for patients. Even in those over the age of 70, one study 
showed significant benefit with ODI scores decreased from 
49 to 25 [56].
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17.1  Sternoclavicular Joint Dislocations

17.1.1  Synonyms

Clavicular dislocations, sternoclavicular sprain, sternocla-
vicular subluxation

17.1.2  ICD-10 Codes

S43.20-S43.216

17.2  Description

17.2.1  Anatomy

The sternoclavicular joint (SCJ) is a saddle-type of synovial 
joint between the clavicle and manubrium of the sternum and 
involves part of the 1st costal cartilage. The SCJ is a synovial 
joint where the epiphysis does not fuse until age 22–25. 
Therefore, in young people, dislocations in this area tend to 
have concomitant fractures through the growth plate. The 
SCJ is the single true attachment of the upper limb and axial 
skeleton. Fibrocartilage overlays the articular surfaces, and a 
fibrocartilaginous articular disk separates the joint into two 
compartments. A synovial membrane lines the inner surface 
of the joint capsule, thereby reducing friction between struc-
tures with its production of synovial fluid. Although the SCJ 
is a fairly mobile joint, there are four stabilizing ligaments: 
anterior and posterior sternoclavicular, interclavicular, and 
the costoclavicular ligaments. The sternoclavicular and 
interclavicular ligaments stabilize the joint, whereas the cos-
toclavicular ligament provides stability with rotation and 
during shoulder elevation. The suprascapular and internal 
thoracic arteries are the vascular supply, while the medial 
supraclavicular nerve (C3–C4) and nerve to the subclavius 
(C5–C6) innervate the area [1]. The movements that involve 
the SCJ are shoulder elevation, depression, protraction, 
retraction, and rotation.

SCJ injuries are rare compared to acromioclavicular joint 
(ACJ) injuries despite its lack of osseous support and liga-
mentous attachments. In regard to dislocations, posterior dis-
locations are rare, but considered medical emergencies, as the 
presence of the airway and great vessels posterior to the joint 
are at high risk of injury. The more common anterior disloca-
tions involve disruption of the sternoclavicular and costocla-
vicular ligaments and are graded I through III depending on 
the level of capsular disruption (Table 17.1) [2].

Mechanisms of injury for dislocations range from a fall 
on an outstretched arm to a direct blow to the shoulder in a 
likely single traumatic event. An athlete getting driven into 
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the mat during a wrestling match on the posterolateral aspect 
of the shoulder or the player at the bottom of a pile-up in 
football would be some examples. A less common but impor-
tant mechanism is a posteriorly directed force directly over 
the SCJ, for example, the impact of the steering wheel to the 
chest in a motor vehicle accident. Typically, injury to the SCJ 
requires a considerable high energy force.

17.3  Clinical Presentation

The patient presentation is with swelling over the SCJ and 
severe pain with any arm movement. With anterior disloca-
tions, there is a firm palpable mass from the medial clavicu-
lar prominence. Posterior dislocations may have SCJ 
swelling but are often misdiagnosed because of the absence 
of the medial prominence on palpation.

17.4  Physical Examination

There may be complaints of upper extremity paresthesias, 
weakness, venous congestion, diminished pulses, or dyspho-
nia on the ipsilateral side. Some patients may have neck 
muscle spasms resulting in the head being titled toward the 
ipsilateral injured side. Posterior dislocations may complain 
of dysphagia and dyspnea. Alertness and appropriate moni-
toring of vitals, and neurological and vascular status are 
paramount to recognize compression of adjacent structures. 
While elevating the shoulder on examination, there may be a 
subluxation accompanied by a “pop” or “click” [3].

17.5  Diagnostic Workup

Plain radiographs in the AP and lateral chest X-ray views may 
help rule out associated injuries, but are limited in viewing 
the SCJ.  The “serendipity” view is the most helpful and 
involves 40–45 degrees of cephalic tilt AP of the chest cen-
tered on the SCJ [2]. Tube distance for children should be 45 
inches and for thicker-chested athletes, a distance of 60 inches 
is appropriate [4]. The gold standard diagnostic examination 
is a spiral CT as it can differentiate fractures vs. dislocations 
and assess adjacent mediastinal structures with IV contrast. If 
vascular injury is suspected, then angiography is utilized.

17.6  Treatment

17.6.1  Medical Management

Anterior dislocations (acute and chronic) are mainly man-
aged nonoperatively. Type I dislocations can be managed 
with rest, ice, and a sling for 4–5 days given that there is 
no ligamentous damage or instability. After the rest 
period, activity is advanced as tolerated. Type II disloca-
tions may be managed with rest, ice, NSAIDs and 
Fig.  17.8 harness immobilization for 6–8  weeks. There 
must be full, pain-free motion before resuming activity 
and advancing as tolerated. Full return may take up to 
3  months. Type III dislocations are immobilized for 
6–8 weeks and then advanced as tolerated after intraop-
erative reduction. Again, pain-free motion must be estab-
lished prior to resuming activity [5].

17.6.2  Rehabilitation

Depending on the severity and direction (anterior or poste-
rior) of the dislocation, conservative or postsurgical rehabili-
tative management will ensue [6]. Both conservative 
management and surgical management of SCJ dislocations 
will require the use of a shoulder sling for several weeks. 
Caution should be exercised in elevating the arm to 90° in the 
early stages of recovery. Conservative management will 
include soft tissue mobilization of the neck, upper chest wall, 
and shoulder musculature, improving thoracic mobility 
through joint mobilizations and exercises, and strengthening 
of the scapulothoracic and scapulohumeral musculature 
(Figs. 17.1, 17.2, and 17.3) [6–8].

After reconstruction of the SC joint, patients must avoid 
scapular protraction, retraction, depression, and elevation 
during the initial six weeks [6, 8]. Lifting or carrying 
objects with the affected extremity is not permitted for 
approximately two months, whereby tolerance to this 
activity will be monitored. Active range of motion exer-
cises of the upper extremity should be incorporated during 
the early postoperative phases to avoid contractures and 
mobility limitations. Cervical and glenohumeral joint 
range of motion exercises are also encouraged to avoid 
stiffness and muscular spasm. Glenohumeral joint motion 
will likely begin after four weeks postoperatively. Passive 
and active-assisted range of motion exercises begins at 
approximately six weeks, with active range of motion 
commencing at eight weeks. Once clinically appropriate, 
rehabilitative care will emphasize strengthening of the 
scapulothoracic and scapulohumeral musculature, stretch-
ing, and progressive loading of the upper extremity in open 
and closed chains [6].

Table 17.1 Grading of anterior sternoclavicular joint dislocations

Type I Sprain with no ligamentous damage or instability
Type 
II

Strain or partial rupture of sternoclavicular or 
costoclavicular ligaments; partial joint displacement

Type 
III

Dislocation with complete disruption of capsule and 
ligaments

B. Oommen et al.
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17.6.3  Procedures

Reductions are best performed within the first week of injury 
for both anterior and posterior dislocations. There is a high 
rate of recurrence post-reduction. A standard sling increases 
the medial load on the clavicle increasing risk, and therefore, 
the Fig. 17.8 harness is used instead.

Anterior dislocation reduction involves placing the patient 
in a supine position with the arm abducted and extended 
while applying axial traction and direct pressure over the 
medial clavicle. The medial clavicle can be manipulated with 
a towel clip or fingers.

As mentioned, posterior dislocations are emergent 
given the risk to nearby structures. The preference is for 
reduction in an OR with a cardiothoracic surgeon. In case 

of neurovascular compromise with no availability for 
emergent transfer, reduction should be considered. With 
the patient in supine position, the arm is abducted and 
extended, axial traction is applied, and the medial clavicle 
with a towel clip is manipulated [9–11]. The shoulder 
should then be immobilized for 6–10  weeks following 
reduction.

17.6.4  Surgery

Chronic anterior dislocations tend to be managed with activ-
ity modification and support treatment for 6–12  months. 
Continued symptoms are referred for medial clavicle resec-
tional arthroplasty and stabilization. Chronic posterior dislo-
cations are treated with open reduction and resectional 
arthroplasty of the medial clavicle when more than 7–10 days 
postinjury [5, 12].

17.7  Pectoralis Major Tear

17.7.1  Synonyms

Pectoralis major rupture, pectoralis major strain, pulled chest 
muscle.

17.7.2  ICD 10 Codes

S29.011A—Strain of muscle and tendon of front wall of tho-
rax, initial encounter.

Fig. 17.1 Sternal lift exercise

Fig. 17.2 Thoracic spine mobility series: “open book” exercise

Fig. 17.3 Thoracic spine mobility series: “thread the needle” exercise

17 Chest Wall Disorders
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17.7.3  Description

Pectoralis major tears are a rare injury where the pectoralis 
major muscle ruptures leading to pain, weakness, and 
impaired function.

Anatomy The pectoralis major is a fan-shaped muscle of the 
anterior chest composed of two heads: the superior clavicu-
lar head and the inferior sternal head. The clavicular head 
arises from the anterior medial half of the clavicle, while the 
sternal head arises from the anterior sternum, costal cartilage 
of the 1st–6th ribs, and the abdominal external oblique apo-
neurosis. Both heads course laterally and combine into the 
pectoralis major tendon, which inserts into the lateral lip of 
the bicipital (intertubercular) groove of the humerus. This 
tendon consists of an anterior and posterior lamina with the 
anterior lamina consisting of the clavicular head and part of 
the sternal head, and the posterior lamina consisting of the 
rest of the sternal head. Of note, the posterior lamina inserts 
higher on the humerus than the anterior lamina. The pectora-
lis major muscle is responsible for adduction, internal rota-
tion, and flexion of the humerus. It is also used for dynamic 
stabilization of the shoulder [14, 16, 18–22]. The pectoralis 
major muscle is innervated by the lateral (C5–C7) and medial 
(C8–T1) pectoral nerves [14, 18, 20–22].

Etiology Pectoralis major tears most commonly occur 
during eccentric contraction under excess tension, as is 
done during bench presses [14, 16, 21, 22]. It can also 
occur due to direct trauma, but is much less common. The 
most common population is physically active males 
between 20 and 40 years of age [14, 21, 22]. Men are more 
susceptible to this tear, and several possibilities exist in the 
literature including smaller tendon to muscle diameter and 
reduced elasticity; however, no specific cause has been 
proven thus far [23]. There has also been some correlation 
of pectoralis major tears with anabolic steroid use [14, 17, 
20, 22]. Pectoralis major tears most frequently occur at the 
humeral insertion with the tendon rupturing directly off 
the humerus. Less common sites, from most to least com-
mon, include at the myotendinous junction, muscle belly 
tears, and very rarely directly off the sternal origin [16, 19, 
20, 22, 23].

Classification A classification system was created by 
Tietjen for pectoralis major injuries based on the location 
and severity of the injury. Type I injuries consist of muscle 
contusions and sprains, type II injuries consist of partial 
tears, and type III injuries consist of complete tears. Type III 
injuries are then further divided by the following tear loca-
tions: (a) muscle origin, (b) muscle belly, (c) myotendinous 
junction, and (d) muscle insertion [24].

17.7.4  Clinical Presentation

Presentation of a pectoralis major tear is a sudden, sharp 
chest pain with a tearing or popping sensation. Most patients 
will also be able to recall a specific incident associated with 
the pain. Associated symptoms will include the limited 
motion of the arm due to pain, asymmetry of the chest wall, 
ecchymosis, edema, and weakness. Patients may delay medi-
cal treatment as many initially treat tears as a common mus-
cle sprain, and only seek out further treatment due to 
prolonged or worsening symptoms [14, 16, 18, 21, 22]. 
Differential diagnoses are listed in Table 17.2.

17.7.5  Physical Examination

A complete musculoskeletal examination is used to evaluate 
pectoralis major muscle tears.

Visual Observation: Inspection of the chest wall will dem-
onstrate swelling and ecchymosis during the acute phase of 
the injury. The location of the findings will differ on the loca-
tion of injury. More proximal injuries will have swelling and 
ecchymosis over the anterior chest wall, while more distal 
tears will have these signs over the arm or axilla area. 
Inspection will also reveal an asymmetric chest wall or a 
thinned-out, webbed appearance of the anterior axilla, accen-
tuated by abduction of the arm to 90 degrees [18, 20–22].

Palpation: Tenderness can occur over the site of the tear. 
A palpable defect may be present, however can be difficult to 
detect in the acute phase due to swelling.

Range of Motion: Limited ROM with adduction, flexion, 
and internal rotation due to pain.

Motor Testing: Strength of adduction, flexion, and inter-
nal rotation of the humerus will be decreased compared to 
the noninjured side; however, full evaluation may be limited 
due to pain.

17.7.6  Diagnostic Workup

X-Ray Conventional radiography is of limited use for the 
diagnosis of a pectoralis major tear, but is routinely used to 
rule out other pathology including fractures, dislocations, or 
bony avulsion [14, 18, 21, 22].

Table 17.2 Differential diagnoses of anterolateral chest pain

Costochondritis Proximal humerus fracture
Atypical myocardial infarct Rotator cuff tendon tear
Rupture of the long head of biceps 
tendon

Subscapularis muscle tear

Shoulder dislocation Medical pectoral nerve 
entrapment
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Ultrasound Ultrasound is a low cost and easily accessi-
ble imaging technique used to evaluate pectoralis major 
tears. Tears are identified by hetero-echogenicity, pres-
ence of intramuscular hematoma, disruption of muscle 
fibers, or thinning compared to the uninjured side [16, 18, 
20–22].

CT scan CT scan may be able to detect a pectoralis major 
muscle tear, however is not routinely used due to poor soft 
tissue visualization [21].

MRI scan MRI is the imaging modality of choice to evalu-
ate pectoralis major tears. MRI can accurately evaluate the 
location, severity, and chronicity of tears, and has good cor-
relation with surgical findings [15, 16, 18, 20–22].

17.8  Treatment

17.8.1  Medical Management

During the acute phase of injury, patients are treated with 
rest, icing, and pain control with NSAIDs or other analge-
sics. A sling is also used initially for immobilization of the 
arm in adduction and internal rotation. Conservative man-
agement is only recommended for proximal tears at the ori-
gin of the muscle and some partial tears. Complete tears may 
also be managed conservatively in older or sedentary indi-
viduals as the pectoralis major muscle is not needed for 
activities of daily living [14, 20–22].

17.8.2  Rehabilitation

Nonoperative rehab For conservative management patients 
are instructed to begin early shoulder mobilization. Patients 
should start with a partial passive range of motion exercises 
and then progress to active range of motion exercises in the 
first 2 weeks as tolerated (Fig. 17.4). Patients will then begin 
a full range of motion exercises from 2 to 6 weeks. Partial 
resistance exercises can be added at 6–8  weeks and will 
progress to full resistance exercise at 3–4 months from the 
initial injury [18, 20–22].

Postoperative rehab Please see surgical care below for post-
operation rehab discussion.

17.8.3  Procedures

Although orthobiologics may have some utility in muscle 
injuries, a significant amount of further research is warranted 
to determine the optimal growth factor milieu that promotes 
muscular regeneration and healing.

17.8.4  Surgery

Early surgical intervention is the treatment of choice for 
most tears of the pectoralis major and should be done for 
complete tears at the myotendinous junction or muscle 
insertion site [18]. A meta-analysis of pectoralis major 
muscle injuries reported that patient with surgically 

Fig. 17.4 Active-assisted range of motion exercises. Left—start position and right—end position
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repaired pectoralis major muscle injuries had superior 
results compared to nonsurgical patients [13, 24]. Patients 
generally report better outcomes with surgery including 
reduced pain, higher postinjury strength, patient satisfac-
tion, and return to prior activities compared to nonoperative 
management. Surgical repair can be done either in the acute 
(<6 weeks) or chronic (>6 weeks) stage of injury, and com-
parable results have been reported [14, 22, 23]. The most 
common surgical technique is a deltopectoral approach 
with suturing done through drill holes, as well as the ante-
rior axillary approach [18, 20, 22].

Postoperative Rehabilitation Patients are given a sling to 
wear for 4–6 weeks after surgery; however, early mobiliza-
tion of the shoulder is important. Rehabilitation should start 
with a focus on early mobilization immediately after surgery 
with shoulder pendulum exercises. Patients are also allowed 
to flex the shoulder to 130 degrees while the arm is adducted. 
During this time, patients should avoid active abduction, flex-
ion, or external rotation. At 6 weeks, patients can  progress to 
full passive range of motion exercises. Periscapular and iso-
metric shoulder strengthening programs are also initiated at 
6 weeks with avoidance of shoulder adduction and internal 
rotation. At 3 months, patients should be near full range of 
motion and can incorporate a pectoralis major muscle 
strengthening program including adduction, internal rotation, 
and flexion. At 6 months, patients may begin doing pushups 
and can perform dumbbell bench presses. Care must be taken 
that patients only perform low weight and high repetition 
bench press exercises. At 9–12 months, the patient can return 
to all prior activities; however, they should be advised against 
any heavyweight, and low repetition bench presses indefi-
nitely due to the increased risk of re-rupture [20–22].

17.9  Costochondral Pain

17.9.1  Synonyms

Chest wall pain, costochondritis, Tietze syndrome, sternalis 
syndrome, xiphoidalgia, osteoarthritis of the sternoclavicular 
joint

17.9.2  ICD 10

M94, R07.9

17.9.3  Description

Costochondral pain is pain and discomfort on the anterior 
chest wall over the articulation of the sternum and ribs [25]. 
Ribs are composed of bone and cartilage. The cartilaginous 

portion connects the bony aspects of the rib and the sternum. 
The chest wall contains 12 ribs, of which 1–7 are referred to 
as true ribs, and 8–10 are false ribs. The difference between 
true and false ribs is that the former articulate anteriorly 
with the sternum and the latter articulate with the adjacent 
ribs through the costochondral cartilage. Ribs 11 and 12 do 
not articulate with any structure anteriorly and are referred 
to as floating ribs [26, 27]. The prevalence and incidence of 
chest pain secondary to musculoskeletal etiology are diffi-
cult to assess. One study assessing chest pain in the emer-
gency room setting found that 30% of the 122 patients had a 
musculoskeletal etiology. Additionally, 69% of those with 
musculoskeletal chest pain were women, and 47% are 
Hispanic [28].

17.9.4  Clinical Presentation

Costochondritis Costochondritis often presents with point 
tenderness over the affected articulation between the ster-
num and attaching rib. The pain is not associated with 
warmth, visible edema, or signs of erythema. The key com-
ponent of diagnosis is palpation with elicited pain over the 
affected joint [29].

Sternalis syndrome Similar to costochondritis, sternalis 
syndrome presents with pain around the costochondral artic-
ulations and over the body of the sternum. Palpatory pain 
over the body of the sternum can result in radiation of the 
pain bilaterally. Sternalis syndrome is often self-limited [30].

Tietze’s syndrome Tietze’s syndrome is a painful condition 
with focal swelling of the costosternal, sternoclavicular, or 
costochondral joints. The most commonly affected ribs are 
the second and third ribs. Although the etiology is idiopathic, 
it has been associated with viral upper respiratory infections 
[31].

Xiphodynia Xiphodynia presents with focal pain over the 
inferior portion of the sternum known as the xiphoid. Patients 
often complain of pain on forward flexion and rotational 
movements [32].

17.9.5  Physical Examination

The physical examination begins with inspection followed 
by palpation [26]. Tietze syndrome will have visible swell-
ing, edema, and point tenderness over the affected articula-
tion [31]. The precise location of pain and tenderness will 
guide diagnosis (Table  17.3). Pain over the articulation 
between the ribs and sternum is secondary to costochondri-
tis, while pain over the body of the sternum may be from 
sternalis syndrome. Similarly, pain on palpation over the 
xiphoid will likely be secondary to xiphodynia [29–32].
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17.9.6  Diagnostic Workup

Practitioners should exclude serious cardiac and pulmonary 
conditions of chest pain, by being mindful of the past medi-
cal history of the patient. Imaging modalities, starting with 
X-rays, are useful for clinical suspicion of a fracture of the 
ribs or sternum. There are no relevant laboratories to delin-
eate the cause of costochondral pain, unless there is swell-
ing, and erythema is noted on a physical examination. 
Laboratories at this point should include a CBC to rule out 
infection [33].

17.9.7  Treatments

17.9.7.1  Medical Management
The disease processes for xiphodynia, Tietze’s syndrome, 
costochondritis, and sternalis syndrome are often self- 
limiting. Common treatments for costochondral pain include 
NSAIDs, physical therapy, and intra-articular corticosteroid 
injections [34].

17.9.7.2  Rehabilitation
Studies show an improvement in patient-reported outcome 
measures from consistent physical therapy as part of the 
initial plan of care [35] and are more effective when com-
bined with pharmacotherapy than either alone [36]. Therapy 
interventions include manual therapy, stretching, and 
strengthening exercises [37]. Manual therapy techniques, 
including posterior–anterior glide joint mobilizations to the 
upper thoracic spine, were found to increase hypomobile 
joints and decrease pain (Fig.  17.5) [35]. In acute cases, 
instrument- assisted soft tissue mobilization may be effec-
tive at decreasing pain but further study is needed to deter-
mine if inflammatory changes or pain reduction is occurring 
(Fig.  17.6) [38]. Furthermore, stretching of tight postural 
muscles, including (but not limited to) the pectoralis major, 
the pectoralis minor, and the trapezius, was found to 
improve patients’ posture and reduce pain (Figs. 17.7 and 
17.8) [35, 37].

Table 17.3 Differential for costochondral pain

Costochondritis Point tenderness over the affected articulation 
with no swelling

Tietze’s syndrome Painful and localized swelling of the affected 
costochondral joint

Sternalis 
syndrome

Tenderness over the body of the sternum, 
affecting the sternalis muscle

Xiphoidalgia Point tenderness over the inferior sternum 
(xiphoid)

Sternoclavicular 
OA

Focal pain of the sternoclavicular joint

Fig. 17.5 Posterior–anterior mobilization manual therapy

Fig. 17.6 Instrument-assisted soft tissue mobilization

Fig. 17.7 Chest wall stretching exercise
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17.9.8  Procedures

Corticosteroid injections into the affected costochondral 
joints can be considered for pain relief. The procedure should 
be done with image guidance (US or X-ray) to avoid compli-
cations such as pneumothorax.

17.9.9  Surgery

Surgery is not indicated for costochondritis.

17.10  Rib Fractures

Synonyms None

ICD 10 S22.3, S22.4, S22.5

17.10.1  Description

There are 12 pairs of ribs in the thoracic region. The first 
7 are attached anteriorly to the sternum and posteriorly to 
the thoracic vertebrae. Ribs 8 to 10 are attached posteri-
orly to the corresponding thoracic vertebrae and anteri-
orly to the costal cartilage. Ribs 11 and 12 are attached 
posteriorly to the thoracic vertebrae only and are called 
floating ribs.

Rib fractures can be traumatic or atraumatic. The most 
common cause of traumatic fracture is a frontal crash sus-

tained by restrained vehicle occupants. Fracture of upper ribs 
signifies severe trauma, possibly involving great vessels, 
while lower rib fractures may result in injury to the spleen, 
liver, or kidneys [39]. Atraumatic fractures may be second-
ary to osteoporosis or metastatic disease. Rib fractures are 
uncommon in children due to increased bone cartilage and 
elasticity. If found, child abuse should be suspected [40]. Rib 
fractures are indicative of the severity of trauma. Mortality 
and morbidity increase as the number of fractured ribs 
increases [41]. They are associated with pulmonary compli-
cations including pneumothorax, hemothorax, and pulmo-
nary contusion. Rib fractures are associated with increased 
mortality and morbidity in the elderly. When a rib fractures 
in a contiguous fashion with 2 or more breaks per rib, it can 
result in a separate segment moving paradoxically to the rest 
of the chest and is termed as flail chest.

17.10.2  Clinical Presentation

Patients will report a history of trauma with rib pain aggra-
vated with chest movements. Bruising maybe seen at the 
fracture site. Severe pain may result in shallow breathing, 
causing hypoventilation and pneumonia. Differential diag-
noses of rib fractures include chest wall contusion, sternal 
fracture, clavicular fracture, and costochondritis/Tietze 
syndrome.

17.10.3  Physical Examination

Chest tenderness and deformity had the most sensitivity on 
physical examination tests [42].

Contusion and crepitus may be noted at the fracture site. 
Abnormal chest movements should be observed, and flail 
chest may result in paradoxical breathing. Breath sounds 
could be normal, but clinicians should be watchful for pneu-
mothorax or hemothorax.

17.10.4  Diagnostic Workup

Plain chest X-rays in anteroposterior, lateral, and rib views 
are the initial diagnostic modality, but may detect only 
around 15% of rib fractures. Point of care ultrasound can 
detect rib fractures and pneumothorax. Griffith et al. found 
that sonography is more sensitive than radiographs in detect-
ing rib fracture [43]. CT scan is the gold standard for detect-
ing rib fractures, however is not mandatory in all cases, as 
there were no improvements in clinical outcome. 
Radionuclide scanning such as scintigraphy may rarely be 
required to confirm fracture.

Fig. 17.8 Trapezius stretching exercise
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17.10.5  Treatment

17.10.5.1  Medical Management
Pain control is important to normalize respiratory function 
[44]. Analgesia, ice, and rest are the initial treatment for 
simple rib fracture. The use of an incentive spirometer 
should be encouraged to prevent pulmonary atelectasis and 
splinting.

17.10.5.2  Rehabilitation
Rehabilitation will include a variety of breathing exercises 
(active breathing techniques, diaphragmatic breathing, local-
ized breathing on the affected side, and bilateral lateral costal 
breathing) (Fig. 17.9), active coughing, and mobility exer-
cises for the upper quarter, cervical, and thoracic spine(s). 
Education on strategies for applying support to the injured 
ribs during coughing and sneezing is important in the early 
phases of rehabilitation [45–47]. Clinicians need to balance 
the benefits of restrictive bracing techniques through wraps 
and compressive garments, to allow patients the opportunity 
to maximize full inspiration/expiration as tolerated 
(Fig.  17.10). Noninvasive pain management modalities 
include transcutaneous electrical nerve stimulation (TENS) 
and elastic taping (i.e., kinesiotaping).

17.10.6  Procedures

If oral or topical agents fail, an intercostal nerve block (US 
or X-ray guided), patient-controlled analgesia, or continu-
ous epidural analgesia may be considered [48, 49]. 
Catheter- based analgesia including epidural and paraverte-
bral nerve catheters has been associated with decreased 
mortality rate [49].

17.10.7  Surgical

Surgery is considered when conservative management has 
failed, for pain control and to improve long-term quality of 
life. The consensus on surgical indications for rib fixation 
can be found in Table 17.4 [50].

17.11  Costovertebral Joint Dysfunction

Synonyms Costovertebral joint syndrome, costovertebral 
arthropathy

ICD-10 M99.08

17.11.1  Description

Anatomy: Costovertebral joints are arthrodial joints connect-
ing the proximal ends of the ribs with the corresponding 

Fig. 17.9 Localized active breathing on the affected side

Fig. 17.10 Padded bracing for rib fracture
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thoracic vertebra. They are divided into 2 subsets, one con-
necting the heads of the ribs to the vertebral body and the 
other connecting the rib neck and tubercles with the trans-
verse processes. The 2nd to 9th ribs have a superior and infe-
rior articulating surface connecting the corresponding 
vertebrae and the one above [27]. The transverse process has 
a costal facet that forms the costotransverse joint with the 
articular surface of the costal tubercle. Branches of intercos-
tal nerves innervate the two joints. The differential diagnosis 
includes thoracic disk herniation, thoracic stenosis, facet 
joint arthropathy, and slipping rib syndrome.

17.11.2  Clinical Presentation

Costovertebral joint dysfunction presents clinically as local-
ized pain, a few centimeters lateral to the thoracic spine, with 
possible radiation along the ribs. The pain is increased on 
deep inspiration, radiating laterally with lateral flexion and 
rotation. Costovertebral pain may mimic cardiopulmonary 
causes. Common causes of dysfunction include trauma or 
overuse but may be caused by ankylosing spondylitis or 
osteoarthritis [51]. Occasionally, patients may complain of a 
“clicking” sound in their mid-back.

17.11.3  Physical Examination

On physical examination, the costovertebral joints may be 
tender to touch, or may show signs of inflammation, includ-
ing localized swelling. Clinicians should be astute in per-
forming a chest and abdominal examination to rule out 
non-musculoskeletal causes of pain.

17.11.4  Diagnostic Workup

Diagnosis is usually clinical, and imaging studies are non-
specific. In significant trauma, X-rays or CT imaging is done 
to rule out life-threatening conditions.

17.11.5  Treatment

17.11.5.1  Medical Management
Nonsteroidal anti-inflammatory medications are the initial 
treatment. Physical modalities such as heat and cold help in 
reducing the pain.

17.11.5.2  Rehabilitation
Joint mobilization and thrust manipulation of the ribs, 
thoracic spinal facet joints, and costosternal joints have 
shown benefit in treating costovertebral joint dysfunction 
(Fig.  17.11) [52–54]. Modalities such as acupuncture, 
laser therapy (Fig.  17.12), soft tissue mobilization, and 
trigger point release can help decrease muscle guarding 

Table 17.4 Consensus on clinical indications for rib fixation (9)

3 or more rib fractures with rib displacement of more than 1 rib 
cortical diameter
Flail segment
Pulmonary worsening with progressive volume loss on X-ray
Intubation/mechanical ventilation
Use of IV narcotics
Uncontrolled pain when using analgesia or visual analog scale 
score > 6 /10
Lung impalement
Open chest defect
Stabilization on the retreat of thoracotomy
Pulmonary herniation

Fig. 17.11 Thoracic joint mobilization

Fig. 17.12 Laser therapy
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and pain in the region [52, 55]. Exercises emphasizing 
chest wall and thoracic spine mobility, scapulothoracic 
and scapulohumeral strength, and postural endurance 
should be included in the plan of care (Fig.  17.13)  
[55, 56].

17.11.6  Procedures

Costovertebral and costotransverse joint injection with ste-
roid and lidocaine are effective and are done under fluoro-
scopic or sonographic guidance.

17.11.7  Surgery

Resection arthroplasty has been described to give intermedi-
ate relief for costovertebral joint osteoarthritis. 
Postoperatively, patients are allowed to mobilize without 
restriction [67].

17.12  Chest Wall Deformities

17.12.1  Synonyms

Pectus excavatum, pectus carinatum, Poland syndrome, cleft 
sternum, congenital malformation of sternum, other congen-
ital deformities of chest, pigeon chest, sunken chest, funnel 
chest

17.12.2  ICD-10 Codes

Q67.6, Q67.7, Q67.8, Q76.7, Q798

17.12.3  Description

Chest wall deformities are malformations found in isolation 
or as a symptom of a syndrome [57]. Depending on its sever-
ity, there may be cardiopulmonary implications [58, 59]. 
These deformities can be categorized as either rib cage over-
growth or inadequate growth (aplasia or dysplasia) [60]. The 
two most common types, pectus excavatum (PE) (sternal 
depression, most common) and pectus carinatum (PC) 
 (sternal protrusion), which account for 90% of congenital 
chest wall deformities, are due to rib cage overgrowth, or an 
abnormal elongation of costal cartilage [58, 60]. Syndromes 
associated with chest wall deformities include Marfan syn-
drome (up to two thirds of patients are affected) and Noonan 
syndrome [57, 60]. There is evidence of up to a 37% pattern 
of inheritance, with boys being three times more affected 
than girls [58, 60].

17.12.4  Clinical Presentation

Chest wall deformities are typically asymptomatic, unless 
severe enough to impact cardiopulmonary function, which 
may lead to exercise intolerance or respiratory infections. 
Individuals with syndromes such as Marfan or Noonan syn-
drome will have complaints specific to those conditions. 
Noonan syndrome has variability in anomalies, but consis-
tently has hypoplasia or aplasia of the pectoralis muscles 
[60]. These deformities may have significant social and psy-
chological impact [59].

17.12.5  Physical Examination

On inspection, there will be a visible symmetric or asymmet-
ric deformity of the chest wall [61]. Severity of the deformity 

Fig. 17.13 Scapulothoracic 
and scapulohumeral exercises; 
left—prone abduction and 
right—prone abduction with 
external rotation
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may vary from superficial to such where sternum approaches 
the spine [60]. If a deformity is identified, additional workup 
should explore for Marfan syndrome and other conditions 
associated with chest deformities.

17.12.6  Diagnostic Workup

Imaging is not diagnostically necessary or recommended in 
asymptomatic individuals; however, insurance companies 
may require imaging prior to surgical intervention [60]. 
Imaging can be used to calculate the Haller index, which is 
used to evaluate the severity of a deformity and is calculated 
as a ratio between transverse and anteroposterior chest diam-
eters. Plain radiography is a viable initial imaging modality. 
Given the exposure to radiation, CT scanning in children 
should be avoided if possible. In severe cases, CT and MRI 
may be required to evaluate the underlying organs [59].

17.12.7  Treatment

17.12.7.1  Medical Management
If there is any suspicion of a genetic syndrome, the patient 
should be referred for genetic counseling for further evalua-
tion and workup [57].

17.12.7.2  Rehabilitation
Pectus excavatum may cause cardiopulmonary dysfunction 
in patients. These patients often present with excessive tho-
racic kyphosis and decreased exercise tolerance. Typically, a 
rehabilitation program is between 3 and 4 months in length. 
From the outset of the program, patients should be educated 
on therapy goals to improve exercise tolerance, decrease 
pain, and/or increase cardiorespiratory fitness, and not reso-

lution of their condition [62, 63]. Exercises for pectus exca-
vatum include strengthening of the back extensors and 
abdominal muscles, as well as stretching the anterior chest 
muscles, diaphragmatic breathing, and cardiorespiratory fit-
ness testing [63] (Figs.  17.14 and 17.15). Activities to 
increase cardiopulmonary functioning include the use of a 
treadmill, a cycle ergometer, or an upper body cycle ergom-
eter (Fig.  17.16). Physical therapists may use fitness mea-
surements such as cycle ergometry, spirometry readings, and 
the 6-minute walk test to determine if improvements in car-
diorespiratory function have occurred throughout the reha-
bilitation program. Several studies have found that adherence 
to physical therapy exercises is equated with better patient 
outcomes [64].

In the case of patients with pectus carinatum, the physical 
therapist may work alongside the physician to educate and 
implement a home exercise program for bracing. In addition 
to bracing, exercises to stretch and strengthen the back exten-
sors and anterior chest muscles should be performed. The 
rehabilitation program should focus on exercises such as rear 
deltoid raises, pushups, and planks.

17.12.8  Procedures

A vacuum bell may be applied to the chest wall in a depres-
sive deformity. This requires daily application for an indef-
inite duration to allow for reformation. Bracing in 
protrusive deformities may result in progressive remodel-
ing but must be worn for 14 hours daily for at least 2 years 
[60]. Physical therapy coupled with bracing was found to 
improve patient outcomes compared to bracing alone [65]. 
Bracing was found to be more effective in a younger 
patient population with high compliance to the bracing 
protocol [66].

Fig. 17.14 Strengthening exercise for back extensors. Left—start position and right—end position with arm and torso lifted off the table
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17.12.9  Surgery

Surgical reconstruction may be indicated for cosmesis, but 
also for preserving deficits in cardiopulmonary function. 
Pectus excavatum may be treated with minimally invasive 
repair via the Nuss procedure, in which a pectus bar is 
implanted for 2–3  years. Potential adverse effects include 
wound infection, pneumothorax, bar displacement, allergy to 
the bar, and overcorrection leading to pectus carinatum. 
Pectus carinatum can be treated with a modified Nuss proce-
dure, correcting a protrusion defect rather than a depression 
[60]. A structured course of rehabilitation (MSK rehab and 
Pulmonary rehab) follows the surgical repair.

17.13  Intercostal Neuralgia

This topic is discussed in Chap. 54 Common Plexopathies 
and Neuropathies.
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18.1  Synonyms

Athletic pubalgia (AP), Core muscle injury (CMI), Inguinal 
disruption (ID), Osteitis pubis (OP), Sports hernia, Adductor 
tendinopathy, Hockey groin, Gilmore’s groin

18.2  ICD-10 Codes

• S39 “Injury of muscle, fascia and tendon of abdomen, 
lower back and pelvis”

• S76 “Strain of adductor muscle, fascia and tendon of 
unspecified thigh, initial encounter”

• K40 “Inguinal hernia”
• R10.30 “Lower abdominal pain, unspecified”

18.3  Description

Groin pain is a nebulous term that has many connotations. 
Often, pain in this area is commonly referred to as simply a 
groin pull or strain. It has created a confusing clinical picture 
for medical professionals due to its broad anatomical loca-
tion and constellation of symptoms and pathology. Groin 
pain has been described in athletes who participate in sports 
involving sudden changes in direction, kicking, and core tor-
sion such as soccer, American football, Australian rules foot-

ball, track and field, and hockey [1–4]. Recent trends have 
labeled groin pain as “core muscle injury” (CMI) encom-
passing muscular pathology in the anatomic region between 
the lower chest and middle thigh [4]. While some may think 
of CMI as an acute injury in these athletes, its origin is more 
often attributed to chronic overuse resulting from repetitive 
extreme athletic activity [5]. However, this pathology can 
also occur in recreational athletes and less commonly in 
more sedentary individuals as well.

Many groin injuries also involve concomitant hip pathol-
ogy. This is most commonly seen with straight-line activi-
ties, whereas cases with focused pubic pathology are mostly 
demonstrated with kicking activities [1]. On MRI, the most 
common sites of anatomic pathology in these patients include 
the pubic symphysis (93%), rectus abdominis (76%), adduc-
tor longus (46%), pectineus (38%), adductor brevis (20%), 
and iliopsoas (6%) [4]. However, other studies have demon-
strated greater involvement of adductor injuries in up to 66% 
of CMI, with the majority of adductor injuries involving the 
adductor longus. The iliopsoas and rectus femoris also exhib-
ited pathology in 15–25% of CMI [6].

In patients presenting with groin pain, it is important to 
maintain a broad differential due to referred pain patterns, 
especially with hip involvement such as femoral acetabular 
impingement (FAI), avascular necrosis (AVN), pelvic stress 
fracture, and hip osteoarthritis (Table 18.1). If hip pathology 
is identified, the subject is less likely to return to the pre- 
injury sporting level compared to pubic pathology alone [1]. 
If pain at the adductors is identified, return-to-play (RTP) 
time is more than double that when groin pain, not specific 
to the adductors, is present. Identifying concomitant abdomi-
nal and adductor pain will quadruple the RTP time [7]. In 
a cohort of 998 sub-elite male soccer players, 54 reported 
58 groin injuries spanning one season; adductor pathology 
(52% of injured players) was dominant followed by iliopsoas 
(31%) and abdominal (19%) pathology; and 30% of athletes 
with adductor pathology had concurrent abdominal pathol-
ogy [7].
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In 2014 at the British Hernia Society, it was proposed that 
three out of the five following elements are necessary to 
diagnose core muscle injury (CMI): (1) pinpoint tenderness 
over the pubic tubercle at the point of insertion of the conjoint 
tendon, (2) palpable tenderness over the deep inguinal ring, 
(3) pain and/or dilation of the external ring with no obvious 
hernia evident, (4) pain at the origin of the adductor longus 
tendon, and (5) dull, diffuse pain in the groin, often radiating 
to the perineum and inner thigh or across the midline [8]. 
Establishment of this diagnostic criterion helped limit ambi-
guity in diagnosing CMI and focus therapeutic interventions 
on the specific area of pathology.

18.3.1  Groin Anatomy/Biomechanics

Core muscle injury (CMI) has been difficult to characterize 
due to the various anatomical structures in the area. While 
there are no official boundaries for the groin, typically it 
includes the lower abdomen, inguinal region, pubic symphy-
sis, and proximal hip flexors and hip adductors [9]. The ante-
rior pelvis contains the pubic symphysis, which is composed 
of the inferior and superior pubic rami bilaterally, separated 
by a fibrocartilaginous disc. This symphysis acts to stabilize 
the anterior pelvis as well as evenly distribute compressive 
and shear forces. It is also the focal point of multiple muscu-
lar attachments: the hip adductors including the adductor 
longus, adductor brevis, and adductor magnus and the ante-
rior abdominal musculature including the rectus abdominis, 
transversus abdominis, internal obliques, and external 
obliques [10].

The adductor group works synergistically with the hip 
flexor group (iliopsoas and rectus femoris) as well as the hip 
external rotators to stabilize the anterior pelvis and assist 
during gait (swing phase). The adductor longus is anterior to 
the adductor brevis and magnus and acts in hip flexion and 
medial rotation, in addition to adduction. This muscle origi-
nates at the pubic/ischial bones and is most commonly 
injured at the proximal 2–4 cm myotendinous junction. This 
is due to decreased blood supply from the deep femoral 
artery compared with the more caudal portion inserting onto 
the linea aspera of the femur [10].

The rectus abdominis is three times wider at its origin on 
the lower ribs compared to its attachment on the pubic bone 

contributing to the concentration of forces at the pubic sym-
physis. This muscle group provides trunk flexion and tone to 
the anterior abdominal wall as well as assists with forceful 
exhalation [10]. These two muscle groups exist as antago-
nists during extension and rotation at the waist: adductors 
(inferior, anterior vector) and rectus abdominis (posterior, 
superior vector). Both muscles fuse together into a common 
aponeurosis over the anterior pubis [10]. With the abdominal 
musculature runs the cutaneous nerves that are susceptible to 
entrapment or impingement including the iliohypogastric 
nerve, ilioinguinal nerve, genitofemoral nerve, and lateral 
femoral cutaneous nerve. Nerve injuries can occur with 
pathology such as fascial hypertrophy or mass effect second-
ary to tissue herniation [10].

The inguinal canal can also cause groin pain as it enve-
lopes the spermatic cord. The canal is bordered medially and 
laterally by the external obliques with the medial fibers 
becoming the superficial inguinal ring. The floor of the 
inguinal canal is formed by the inguinal ligament, which 
connects the anterior superior iliac spine (ASIS) to the pubic 
tubercle. The transversalis fascia becomes the deep inguinal 
ring. The posterior wall of the inguinal canal contains the 
transversalis fascia and the internal obliques. Any defects to 
these structures make the posterior wall susceptible to direct 
herniation (medial to inferior epigastric vessels); indirect 
herniation occurs within the inguinal canal itself (lateral to 
inferior epigastric vessels [9].

18.3.2  Epidemiology

Groin pain is quite prevalent in athletics such as those involv-
ing change of direction, twisting, and turning. In a study 
involving 218 patients in England, males were four times 
more likely to experience groin pain than females. For the 
male injuries in the study, 22% involved participation in soc-
cer and 21% involved rugby; for the female injuries in the 
study, 40% involved running. Certainly, this can be a reflec-
tion of the sports played by different genders in England; 
however, it is important to note which sports can potentially 
lead to this type of chronic repetitive overuse in both gen-
ders. A retrospective review of almost 9000 patients over a 
20-year span at an American surgical practice saw referrals 
for sports hernia increase almost ten times over that span, 
likely due to increased awareness of the pathology. The num-
ber of female patients increased from 1% initially to 15.2% 
over the last 5 years of the study. Additionally, the average 
age of the subjects increased from 24.7 initially to 28.6 in the 
last 3 years of the study (range of 8–88). Athletes comprised 
82.8% of this population with an increase in non-athlete pop-
ulation from 0% initially to 24.9% in the final 5 years. The 
most prominent sports included soccer (44.6%), American 
football (22.3%), hockey (8.1%), baseball (6.3%), basketball 
(6.2%), and distance running (1.2%) [4].

Table 18.1 Differential diagnosis for groin pain

Upper lumbar radiculopathy/
radiculitis

Meralgia paresthetica

Inguinal hernia (direct/indirect) Genitofemoral entrapment
Hip stress fracture Snapping hip syndrome
Hip labral tear Femoral acetabular impingement 

(FAI)
Hip adductor strain/tear Rectus abdominis aponeurosis 

strain/tear

G. R. Malik et al.
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18.3.3  Nomenclature/Taxonomy

Medical care for groin injuries has been hindered by incon-
sistent taxonomy over the years with regional and sport- 
specific biases. In 2015, the DOHA convention took the 
umbrella term “athletic pubalgia” and created three major 
categories of groin pain to be used in nomenclature: (1) 
defined clinical entities for groin pain (adductor-related, 
iliopsoas- related, inguinal-related, and pubic-related groin 
pain), (2) hip-related groin pain, and (3) other causes of groin 
pain in athletes [11].

Alternatively, Meyers et al. proposed the term “core mus-
cle injury” using the term “core” taken from health and fit-
ness literature, which traditionally involves the area inferior 
to the nipple line and superior to the middle thigh. This 
reduces the confusion associated with more focal anatomic 
terms such as athletic pubalgia (focusing on the pubic bone) 
and inguinal disruption (inguinal region), while allowing 
areas such as the lower abdominal musculature aponeurosis 
to be included [12].

18.3.4  Risk Factors

CMI is classically thought of as a clinical syndrome of over-
use and has been noted more often in sports involving kick-
ing and change of direction. A prospective cohort of 508 
soccer players on 31 amateur teams exhibited an increased 
risk of groin injury during the season if they had a previous 
groin injury (OR 2.6) and weak adductor muscles (OR 4.28) 
[13]. Additionally, it has been shown that sport-specific 
training at higher competitive levels triples the risk of acquir-
ing a groin injury [14]. Many athletes affected by CMI are 
believed to have weak posterior abdominal musculature and 
hip adductors, thereby making them more susceptible to 
injury. Subsequently, preseason strengthening protocols tar-
geting these areas are being implemented to limit this hazard 
[3, 8].

18.4  Clinical Presentation

Patients diagnosed with core muscle injury frequently repre-
sent an active population comprising a variety of competitive 
levels from professional to recreational athletes. Commonly, 
pain is precipitated by increasing the activity level or change 
in training regimen. The pain is usually focal to the lower 
abdominal musculature or proximal adductor musculature, 
more often unilateral. Generally, the pain improves with ces-
sation of activity. Pain may be non-radiating or occasionally 
radiates to the groin, thigh, or genitalia. If pain radiates to the 
genitalia, this may indicate involvement of the ilioinguinal, 
iliohypogastric, and/or genitofemoral nerves [15]. The most 

common symptoms include pain with side-to-side move-
ment, pivoting, sprinting, jogging, and kicking [16]. In a 
study of 110 male athletes with groin pain, the most common 
mechanism of injury was kicking in soccer (40%), while in 
all other sports, change of direction was the most common 
(31%) [6]. Chronic CMI occurs three times more often than 
acute CMI.  However, when acute, it can be attributed to 
abrupt trunk hyperextension or hip hyperabduction [15, 17].

18.5  Physical Examination

On physical examination, these patients may demonstrate 
tenderness over the pubic symphysis, superior pubic rami, 
proximal hip adductor tendons/origin, and/or rectus abdomi-
nis aponeurosis [15, 17]. Special tests that can be utilized to 
isolate CMI include the half sit-up, resisted sit-up (with pal-
pation at the distal rectus abdominis), resisted hip adduction, 
and adductor squeeze test (Table 18.2) [17]. Valsalva maneu-
vers including coughing/sneezing may also illicit pain [15]. 
Kurowicki et al. demonstrated high sensitivity but poor spec-
ificity with maneuvers such as resisted cross-body sit-up and 
straight-leg sit-up (Table 18.2) [18]. Serner et al. did report 
high specificity (100% confirmed against MRI findings) for 
hip adductor muscle pathology with positive results for the 
following six tests: adductor palpation, squeeze test at 0° and 
45°, resisted outer range adduction, passive adductor stretch, 
and FABER (flexion, abduction, and external rotation) 
(Table 18.2). The adductor squeeze test had the highest indi-
vidual specificity at 94% [19]. It is also important to rule out 
confounding diagnoses, especially involving the hip and 
inguinal canal. FABER may also be positive if there is intra- 
articular hip involvement [17]. Palpation of the superficial 
and deep inguinal rings can aid in ruling out an inguinal her-
nia [15].

18.6  Diagnostic Workup

X-rays With suspicion of core muscle injury (CMI), stand-
ing AP pelvic radiographs are the standard imaging of 
choice. Flamingo series radiographs are also popular to eval-
uate potential instability within the pubic symphysis, which 
involves three views: (1) bilateral standing AP, (2) right leg 
standing AP, and (3) left leg standing AP (vertical displace-
ment >2 mm on either side considered diagnostic) [20].

MRI Further imaging is typically helpful with MRI being 
the most common and ultrasound (US) becoming more prev-
alent. Many radiology departments utilize a pubalgia proto-
col for MRI which can improve detection of anatomic 
abnormalities. MRI has demonstrated a sensitivity of 68% 
and specificity of 100% with rectus abdominis injuries and 
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Table 18.2 Physical exam maneuvers

Test name
Sensitivity
(%)

Specificity
(%) Demonstration Description

Resisted 
cross-body 
sit-up

100 3 Patient is supine with 
ipsilateral hip flexed, 
abducted, and externally 
rotated. The patient then 
contracts core musculature 
to perform sit-up by bringing 
contralateral shoulder to 
ipsilateral knee (green 
arrow). The examiner 
provides resistance at the 
contralateral shoulder and 
ipsilateral knee (red arrows)

Straight-leg 
sit-up

74 20 Patient is supine with knees 
extended and hips neutral. 
Bilateral knee extensors and 
hip flexors are contracted to 
lift heels off the bed. The 
patient then contracts core 
musculature to perform a 
sit-up (green arrow) while 
maintaining position of heels 
off the bed

Adductor 
palpation

96 78 Patient is supine with knees 
extended and hips neutral. 
The ipsilateral hip can also 
be externally rotated. The 
examiner then applies 
pressure to the ipsilateral hip 
adductors (red arrow)
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Table 18.2 (continued)

Test name
Sensitivity
(%)

Specificity
(%) Demonstration Description

Adductor 
squeeze test 
(0° and 45°)

80, 94 67, 78 Patient is supine with hips 
either flexed to 45° or 0° 
(both have knees flexed to 
90°). The patient then 
actively adducts bilateral 
hips (green arrows) against 
the examiner’s fists which 
are positioned between the 
patient’s knees

Resisted 
outer range 
adduction

85 89 Patient is supine with knees 
extended and hips neutral. 
The patient begins with 
ipsilateral hip max abducted 
and actively adducts (green 
arrow) the ipsilateral limb 
against the examiner who 
applies a counteracting force 
(red arrow) to keep the limb 
adducted

Passive 
adductor 
stretch

61 89 Patient is supine with knees 
extended. The examiner 
supports and abducts the 
ipsilateral limb (red arrow) 
and uses the other hand to 
stabilize the contralateral 
hip/pelvis

(continued)
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sensitivity of 86% and specificity of 89% for adductor lon-
gus injuries [10]. However, as much as 71% of athletes 
exhibit pathologic findings on MRI while being asymptom-
atic, so clinical context is essential [21].

US Sonographic evaluation has been increasingly employed 
as it allows evaluation of dynamic maneuvers, utilizing flexi-
ble fields of viewing and evaluating the patient in real time 
(Fig.  18.1). High-resolution views of the lower abdominal 
aponeurosis, hip flexor, and hip adductor musculature and 
ligaments are possible with US protocols [22]. The origins 
and insertions of the musculature can be visualized statically, 
as well as dynamically, allowing direct correlation to the 
patient’s symptoms. US can also be quite useful for diagnos-
tic and therapeutic injections. Pubic symphyseal, peritendi-
nous, and nerve block injections under ultrasound guidance 
have been incorporated into patient care. Ultrasound can also 
aid in ruling out other diagnoses such as intra-articular hip 
pathology. If this is on the differential, a diagnostic injection 
into the hip capsule under ultrasound guidance can be per-
formed as well.

18.7  Treatments

 (a) Medical Management
Nonsteroidal anti-inflammatory medications are fre-

quently used to treat core CMI. In a study of 35 soccer 
players with osteitis pubis (OP), subjects were treated 
conservatively with ibuprofen 300 mg TID for 14 days, 
in addition to other therapeutic modalities and rehabili-
tation therapy. All 35 athletes were able to return to play 
(RTP) on average between 3.8 (mild OP) and 10 weeks 
(severe OP) [23]. Additionally, for tendinosis, nitroglyc-
erin transdermal patches may also be prescribed to 
increase blood flow to the tendon for recovery. There is 
an abundance of literature on the use of nitroglycerin 
patches for the Achilles tendon and common extensor 
tendon origin. However, there are no published studies 
on this pertaining to hip adductor tendons specifically.

 (b) Rehabilitation
CMI is truly a diagnosis involving the kinetic chain. 

Understanding of the kinetic chain is integral in the 

Table 18.2 (continued)

Test name
Sensitivity
(%)

Specificity
(%) Demonstration Description

Flexion, 
abduction, 
external 
rotation 
(FABER)

46 72 Patient is supine with 
ipsilateral hip flexed, 
abducted, and externally 
rotated. Examiner then 
applies pressure (red arrow) 
on the medial aspect of the 
distal femur/knee and 
stabilizes the contralateral 
hip/pelvis with the other 
hand

a b

Fig. 18.1 Adductor longus (AL) sonography: (a) Left adductor longus 
in long axis; note the evidence of enthesopathy, loss of organized fibril-
lary architecture (red arrow), tendon hypertrophy at the muscle origin, 
cortical irregularity at the superior pubic ramus (SPR), hypoecho-

genicity which is reflective of tendinosis, and a partial tear (*). (b) 
Right adductor longus in long axis used for comparison 
(non-pathologic)
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treatment of this pathology. Interventions must be strati-
fied based on the level of disability, symptom irritability, 
and pain severity. Manual therapy interventions may 
include joint or soft tissue mobilizations [24]. Joint 
mobilizations, which include ilium rotational mobiliza-
tions, sacroiliac regional thrust manipulations, femoral 
mobilizations, and lumbar mobilizations, can be used 
for pain modulation and to address joint hypomobility. 
Soft tissue mobilization may include cross-friction mas-
sage to the involved tendons, though this may not be tol-
erated in patients with highly volatile or severe symptoms 
[25, 26]. Modalities such as transcutaneous electrical 

nerve stimulation and thermal agents can also be utilized 
in such patients [27]. However, the use of modalities 
should be minimized as a supervised active approach to 
rehabilitation has achieved greater success in return to 
sport than passive modalities [28]. Addressing impair-
ments in range of motion and muscle length in the trunk 
and proximal lower extremities can be accomplished 
through stretching exercises. Progressive trunk stabiliza-
tion exercises should include isometric exercises in the 
supine (e.g., dead bug), prone (e.g., superman), quadru-
ped (e.g., bird dog), and standing positions (e.g., wall 
squat) (Fig.  18.2a–c) [24, 27]. Exercises should begin 

a b

c d

Fig. 18.2 Rehabilitation exercises for core muscle injury (CMI). (a) 
Dead bug (static): In supine, the trunk remains stationary as the arm and 
alternate leg are flexed and extended, respectively. (b) Bridge (static): 
The hips are elevated until in line with the shoulders and knees. (c) Bird 
dog (static): In quadruped, the trunk remains stationary as the arm and 

alternate leg are flexed and extended, respectively. (d) Single-leg stance 
with multidirectional lower extremity reaching (dynamic): The pelvis 
and stance leg remain stationary as the contralateral leg reaches to tar-
gets on the floor
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with low-load versions and be advanced once the patient 
is able to perform an exercise pain-free and with proper 
form. Monitoring for optimal loading of the abdominals, 
hip adductors, and hip abductors is essential. Dynamic 
exercises should be incorporated after the patient has 
mastered isometrics. Such exercises include bridges, 
rotational planks, single-leg balance with upper or lower 
extremity reaching, and split squats (Fig.  18.2d) [24]. 
Aerobic exercise should begin with land- or water- 
walking. The patient can progress once pain-free to 
include cycling, water running, swimming, running, and 
stair climbing [24]. Once a patient is tolerating dynamic 
and aerobic exercise well, sport-specific drills can begin. 
When initiating sport-specific drills, monitor the 
patient’s movement patterns and performance to derive 
an individualized plan of care for further progression.

 (c) Procedures
As detailed earlier, diagnostic injections can be help-

ful in localizing the focal area of pathology in a patient. 
They can be performed at the rectus abdominis aponeu-
rosis (CPT 20551), the pubic symphysis (CPT 20610), 
the hip adductor origins (CPT 20551), and between lay-
ers of the abdominal musculature or even local nerve 
blocks (CPT 64425). Popular non-surgical interventions 
addressing CMI include tendon fenestrations, platelet- 
rich plasma (PRP) injections, steroid/local anesthetic 
injections, and prolotherapy. There has been little evi-
dence to suggest that corticosteroids have any benefit in 
the definitive treatment of CMI and could perhaps be 
tenocytotoxic. However, corticosteroid injections can be 
helpful in delaying surgical intervention as seen in ath-
letes where an efficacy of 80% was reported for athletes 
in delaying surgical intervention until after the season 
concluded [29]. Limited positive evidence does exist for 
PRP injections for CMI in sports such as lacrosse and 
hockey with return to play ranging from 3.5 to 8 weeks 
[30, 31]. However more data is needed in the area of 
regenerative medicine and CMI.

 (d) Surgery
Surgical interventions should be considered if con-

servative management fails. The specific intervention 
depends on the focal area of pathology involved with the 
CMI (e.g., adductor tendon stripping, rectus abdominis 
aponeurosis repair). However, as more patient-specific 
pathologies are understood, addressing only the focal 
area of injury versus other potential contributing sites 
has come into question. This has resulted in numerous 
specific or combinations of surgical procedures being 
performed including tenotomy, aponeurosis repair, mesh 
implantation, and hip labral repair [4].

Laparoscopic extraperitoneal repairs are more com-
mon than open repairs in today’s medical world. Patients 
with chronic CMI undergoing laparoscopic repair had a 

90% success rate with an average return to play of 
3  months compared to a 50% success rate for chronic 
CMI patients pursuing physical therapy alone [32]. In a 
study of 27 patients who underwent surgical repair of 
CMI, 92.6% returned to their previous level of athletics 
after an average of 112 days and with 0% recurrence at 
1 year. Interestingly, the cohort with only adductor pathol-
ogy noted a prolonged RTP time compared to abdominal 
pathology alone (101.7 days vs 91.1 days). Additionally, 
when both adductor and abdominal pathologies were 
present, the RTP time was 30% longer than the adductor 
pathology alone [33].
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Pelvic Fracture

Jomar Aryee, John Stelmach, Chandler Berke, 
Steven Mennona, and Alfred J. Tria Jr

19.1  Pelvic Fractures

The bony articulations of the pelvis do not carry inherent 
stability, and the pelvic ring relies heavily on ligamentous 
support anteriorly and posteriorly to maintain its structure 
and perform its function. The most important determinant 
for surgical intervention is the stability of the pelvic ring 
after injury. Stable injuries are primarily bony, without 
posterior ligament disruption including isolated iliac wing 
fractures, isolated pubic ramus fractures, and small, iso-
lated sacral ala fractures. These patterns are well managed 
non- operatively with a period of protected weight-bearing 
(weight-bearing with an assistive device) until full weight- 
bearing can be tolerated. Injuries affecting the posterior lig-
amentous complex of the pelvis disrupt the linkage of the 
iliac wings to the sacrum (posterior weight-bearing arch), 
causing vertical instability, rotational instability, or both 
[1]. These injuries are often of high energy and carry sig-
nificant morbidity, and associated injuries are often a cause 
of mortality. When a patient sustains a completely unstable 
injury to the pelvic ring, early fixation – temporarily with 
binders or external fixators and definitively with internal 
fixation – is the key to reducing mortality and optimizing 
functional outcome [1].

19.2  Stable Pelvic Injuries

Traumatic injuries of the pelvis are categorized with the 
Young and Burgess classification [2]. The ring injuries are 
broken into two groups  – anterior-posterior compression 

(APC) and lateral compression (LC) – based on the direction 
of the forces that cause the injury. These injuries are further 
divided into levels I, II, and III going from least to most 
severe. In APC I injuries, there is disruption of only the ante-
rior ligamentous complex, which is stable for protected 
weight-bearing (PWB) immediately. The hallmarks of the 
LC I injury are fracture to the pubic ramus and sacral ala. 
Weight-bearing as tolerated can be instituted based upon the 
severity of the sacral ala component.

19.3  Unstable Injuries

APC levels II and III involve injury to the anterior and then 
anterior and posterior ligaments of the SI joint, respectively. 
The LC II injury involves an ilium fracture dislocation, and 
the LC III is a combination of both an LCII and APC III 
injuries on either side of the pelvis. What these injuries have 
in common is their disruption of the posterior pelvic arch and 
the rotational and vertical instability that they produce. For 
adequate function of the pelvis, these injuries require reduc-
tion of bony defects and joint dislocations and rigid internal 
fixation.

19.4  Rehabilitation

Recovery after pelvic fracture surgery varies with the sever-
ity of the injury and invasiveness of subsequent surgical 
procedure(s). The goal of recovery after these injuries should 
start with gentle, passive range of motion of the lower 
extremity and short transfers. No current consensus exists on 
the optimal postoperative rehabilitation strategy, so weight- 
bearing and activity status are typically progressed at the sur-
geon’s discretion [3]. Recent investigations show that 
patients who sustain vertically and rotationally unstable inju-
ries are typically restricted to toe-touch or touch-down 
weight-bearing (using a limb for balance but not bearing 
weight through the extremity) for about 8 or 9 weeks before 
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progression [3]. Patients who have procedures for injuries 
that are vertically stable tend to have a more liberal weight- 
bearing status, protected or partial weight-bearing, for a sim-
ilar amount of time.

19.5  Sacroiliac Fusion

Percutaneous sacroiliac joint fusion is discussed in detail in 
Chap. 14.
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Coccydynia

Marina Protopapas and Kelly Alhooie

20.1  Synonyms

• Tailbone pain
• Coccygodynia
• Sacrococcygeal pain
• Disorder of the coccyx
• Disorder of sacrococcygeal spine
• Pain in the coccyx

20.2  ICD-10 Codes

M50.0–M54.0

20.3  Description

Coccydynia is a pain syndrome that encompasses pain 
extending from the inferior most aspect of the sacrum, within 
the gluteal fold, to the anal sphincter. The word coccyx is 
derived from an ancient Greek word “kokku” because the 
coalesced tail bones resemble a cuckoo’s moderately curved 
beak [1–3]. This pain syndrome usually affects women more 
than men, and it is often trauma/fall related, although it can 
be idiopathic. It is midline pain in the intergluteal cleft, typi-
cally associated with sitting, and exacerbated with having 
pressure over the coccyx. Other skeletal disorders like SI 
pain, piriformis pain, ischial pain, and disc-related pain can 
present with pain in the tailbone/pelvic region and should be 
in the differential diagnosis.

Bony Anatomy The coccyx, a midline bony structure, is a 
small triangulated os, composed of three to five fused coc-

cygeal vertebrae that articulate with the inferior most aspect 
of the sacrum called the sacral cornua [4]. Coccyx bones 
share many similarities to lumbar vertebrae but on a smaller 
scale. It differs from lumbar vertebrae since it has no verte-
bral canal, no neuroforamina, and no cerebral spinal fluid 
present at the coccygeal level. Only mobile articulation is 
between the last sacral bone and first coccyx bone (Co1). 
Each consecutive coccygeal bone is typically smaller in 
height and width compared to the coccygeal bone above it. 
The female coccyx is more often shorter, straighter, and 
more retroverted [5].

Sacrococcygeal Joint Anatomy \Sacrococcygeal joint is 
formed by the lower end of the sacrum articulating with 
the upper end of the coccyx. This is illustrated in Fig. 20.1, 
where the sacrococcygeal facet joints comprised of bilat-
eral inferior articular processes from S5, also known as the 
sacral cornua, form the lateral border of the sacral hiatus, 
and the bilateral SAPs from the first coccygeal segment, 
also known as the coccygeal cornua [6]. There is often 
intervertebral disc between sacrum and first coccyx bone. 
Balain et al. [7] reported that of 38 patients who underwent 
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coccygectomy for coccydynia, 10 had at least two discs or 
moving joints, and 11 had only one disc or moving joint at 
histology.

Coccygeal Ligament Anatomy The anterior sacrococcygeal 
ligament and posterior longitudinal ligament span the length 
of the coccyx. The lateral sacrococcygeal ligaments bilater-
ally attach the lowest aspect of the sacrum to the ipsilateral 
transverse processes of the first coccygeal segment. The spi-
nosacral ligaments bilaterally span the right and left ischial 
spines to the sacrum and coccyx. The sacrotuberous liga-
ment extends from the sacrum and coccyx to the ischial 
tuberosity [8].

Surrounding Muscle Anatomy of the Coccyx The gluteus 
maximus originates from the posterior-inferior surface of the 
sacrum and coccyx, gluteal surface of the ilium, thoracolum-
bar fascia, and sacrotuberous ligament. The true pelvis is the 
area between the inlet and the outlet of the greater and lesser 
pelvis. The lower part of the pelvis is sealed off by a muscu-
lar diaphragm and perineal membrane known as the pelvic 
floor. Other borders of true pelvis consist of two lateral walls, 
a posterior wall (sacrococcygeal bones), and the pelvic floor. 
In Fig. 20.2, the muscles of the pelvic floor (or pelvic dia-
phragm) are depicted and are collectively referred to as the 
levator ani and coccygeus muscles. The coccygeus (also 
referred to as ischiococcygeus) is not part of the levator ani 
and supports the pelvic viscera and flexes the coccyx [9]. The 
levator ani is made up of the puborectalis, pubococcygeus, 
and iliococcygeus muscles. The pubococcygeus is also com-
posed of the puboperinealis, puboprostaticus (males), pubo-
vaginalis (female), and puboanalis. There are much more 
details related to coccyx and pelvic muscles that are beyond 
the scope of this chapter.

Vascular Supply The anterior division of the internal iliac 
artery is responsible for supplying the levator ani group of 
muscles. Its three terminal branches include the pudendal, 
inferior gluteal, and inferior vesical arteries. Venous drain-
age is achieved by the pudendal, inferior gluteal, and inferior 
vesical veins [9].

Innervation(S2–S4) Somatic nerves of the coccyx carry 
pain and other sensations from the coccygeal bones and liga-
ments. The sympathetic nervous system at the coccyx 
includes the ganglion impar, which appears to be involved in 
various forms of “sympathetically maintained pelvic pain.” 
Branches from the sacral plexus S2–S4 contribute to the 
innervation of the levator ani muscles. The pudendal nerve 
directly innervates the pubococcygeus muscle [9, 10].

20.4  Etiology of Coccydynia

The most common cause of coccydynia is trauma, specifi-
cally single direct axial trauma such as a fall on the buttock, 
or cumulative trauma (prolonged suboptimal sitting position 
on a hard or uncomfortable surface). Aside from external 
trauma, the coccyx is susceptible to internal trauma such as 
difficult childbirth. The predominance of coccydynia in 
females is in part associated with pregnancy ligamentous 
laxity due to relaxin. BMI may be a risk factor for sublux-
ation as proposed by Maigne et al., leading to painful coccyx 
[11]. Non-traumatic causes include sacrococcygeal joint 
hyper- or hypomobility, coccyx dislocation, coccyx DJD, 
infections, referred or radicular pain, and less commonly 
neoplasia [12]. Subluxation can also occur if the coccygeal 
bones fail to have their normal, slightly forward-flexed posi-
tion (Table 20.1). In subluxation, the coccyx will extend pos-
teriorly, and this can result in abnormal increased 
weight-bearing forces onto the coccyx while sitting [14]. 
There can also be morphological variations of the coccyx 
leading to bony spicule formation and coccygeal retrover-
sion. Sympathetically mediated pain of the coccyx may 
occur due to hyperactivity or irritability of the ganglion 
impar [15, 16]. Non-organic causes such as somatization and 
psychiatric disorders have also been associated with 
coccydynia.

Fig. 20.2 Pelvic floor muscles

Table 20.1 Coccyx morphology types (modified Postacchini and 
Massobrio classification) [13]

I Curved gently forward
II Has a marked curve with the apex pointing straight forward
III Angled forward sharply between Co1–Co2 and Co2–Co3
IV Anteriorly subluxed at sacrococcygeal joint or Co1–Co2
V Coccygeal retroversion with spicule
VI Scoliotic deformity
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20.5  Clinical Presentation

Coccydynia is midline pain in the intergluteal cleft, typically 
associated with sitting and exacerbated with having pressure 
over the coccyx. Patients often sit on their feet or on one 
 buttock to avoid direct pressure against the coccyx. Pain can 
be present during defecation and intercourse, and there may 
be frequent urge to defecate [17]. Patients may have an 
inability to lay flat on the back and have greater comfort lay-
ing on her side. The history may reveal a recent axial load 
trauma or repeated prolonged episodes of sitting on hard 
uncomfortable surfaces [15, 16]. They often have favorite 
chairs to sit on or have many supportive cushions that they 
travel with.

20.6  Physical Examination

During examination, patients will often place their finger on 
the coccyx as a clue to diagnosis [18]. In visual inspection, 
the examiner is looking for any signs of redness, rash, fistula, 
hemorrhoids, or discharge that might suggest an underlying 
pilonidal cyst. With palpation, most patients with coccydynia 
will have focal reproduction of pain during external and pos-
terior examination of the coccyx. In thin patients, a distal 
coccyx bone protuberance/sharp angle may be appreciated. 
Palpation of the anterior coccyx can be accomplished via 
digital rectal examination, particularly in patients in whom 
external palpation fails to reproduce their symptom. Rectal 
examination and bimanual manipulation of the coccyx will 
elicit pain and aid evaluation of any hypo- or hypermobility 
of the sacrococcygeal joint [19]. During intrarectal physical 
examination, pelvic floor muscles can be evaluated for 
hyperactivity and trigger points. Additionally, it is important 
to examine the adjacent structures such as the para- coccygeal 
muscles, anococcygeal ligament, ischiogluteal bursae, and 
piriformis muscles to rule out other musculoskeletal sources 
of pain.

20.7  Diagnostic Imaging

X-rays Radiographs can detect fracture, subluxation, and 
sharp coccyx angle. Seated radiographs may reveal abnor-
malities that were missed on standing radiographs [20]. 
The coccyx usually pivots between 5° and 25° between 
the sitting and standing positions. Coccydynia is com-
monly associated with coccygeal displacement, immobil-
ity (<5° of movement), or hypermobility (>25° of 
movement) [21]. Advanced imaging modalities and pro-
vocative tests will aid diagnosis but may not be as useful 
as dynamic radiographs obtained in the sitting and stand-
ing positions [21].

CT Sensitive test to detect malalignment, fractures, lytic 
lesion, and bleeding surrounding the coccyx.

MRI It can be used to assess the position or curvature of the 
coccyx, ligamentous injuries, soft tissue injury, fractures 
(marrow signal change), bony infiltration, and infection or 
tumors. MRI and technetium Tc-99m will also demonstrate 
inflammation associated with hypermobility and exclude 
other underlying pathologies [22].

Bone scan It can be used in patients with coccydynia in 
whom a search for malignancy or infection (e.g., osteomyeli-
tis) is on the differential diagnosis [23].

Coccygeal discography Rarely used tool for diagnosing dis-
cogenic etiology of coccydynia [20].

Diagnostic injection A small volume anesthetic image 
guided injection of the coccyx, sacrococcygeal ligament, 
and the caudal space can confirm the diagnosis of coccy-
dynia [24].

20.8  Treatment

20.8.1  Medical Management

Medical management includes non-steroidal anti- 
inflammatory drugs, ergonomic adaptation such as the use of 
doughnut/cutout cushions, extracorporeal shock wave ther-
apy (ESWT), intrarectal medications, and intrarectal manip-
ulation [19, 25]. In acute fracture, short course of mild 
opioids may be necessary.

20.8.2  Rehabilitation

On average it takes about 1–4  months of having a multi- 
faceted approach with a physical therapist and pain manage-
ment to get back to sitting without pain. In treating 
coccydynia, it is important to treat the pubococcygeus, ilio-
coccygeus, coccygeus, glut max, and sacrospinous ligament 
because of the direct correlations to the coccyx.

Massage Massaging or stretching of the tonic muscle spasm 
to the anterior sacrococcygeal ligament, the gluteus maxi-
mus muscle, the coccygeus muscle, and the levator ani mus-
cles attached to the coccyx can be performed to treat 
coccygeal pain [26].

Mobilization Maneuvers of the sacrococcygeal and inter-
coccygeal joints are performed to enhance coccygeal 
mobility. Maigne and Chatellier compared the effect of 
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massage, mobilization, and stretching and reported that 
stretching methods had the highest success rate following 
by mobilization [27]. Seker et  al. both studied patients 
that received transrectal manipulation and corticosteroid 
injections, and they determined that manual therapy com-
bined with steroid injections would offer a successful 
alternative method for the management in cases of persis-
tent coccydynia [19]. Lin et al. used extracorporeal shock 
wave therapy (ESWT) in the treatment of coccydynia and 
reported more satisfactory results compared with physical 
modalities [28].

20.8.3  Procedures

Sacrococcygeal Injection When conservative measures fail, 
patients may benefit from a local corticosteroid injection 
(Fig. 20.3b). Target will be junction of the sacrum with Co1 
or over Co1–Co2 junction [19]. If there is a subluxation, 
often sacrococcygeal ligament dorsal to the subluxed seg-
ment will be the target for injection [19]. Studies suggest that 
patient who receives coccygeal steroid injections within 
6 months of the onset of pain had better and longer outcomes 
(greater than 50% relief, P = 0.055) [29].

Caudal Epidural Steroid Injections On its own or in combi-
nation with sacrococcygeal injection, caudal injection can 
help with coccydynia pain (Fig. 20.3a). It may also be used 
to treat cases of coccygeal pain originating from Tarlov cysts 
and to treat lower sacral radicular pain.

Ganglion Impar Treatments The ganglion impar is found on 
the ventral surface of the sacrococcygeal joint and provides 
nociceptive and sympathetic innervation to the perineal and 
anal areas [30]. A ganglion impar block (Fig. 20.4a) can be 
used to also treat acute or chronic perineal pain [31]. The 
blocks are typically performed using the trans- sacrococcygeal 
and inter-sacrococcygeal approaches with the assistance of 
fluoroscopy [32]. Various medications can be injected such 
as local anesthetics and concomitant use of anesthetics and 
steroids, alcohol, phenol, and neurolysis by means of radio-
frequency ablation.

Neuromodulation DRG stimulation for coccydynia in an 
off-label use. Giordano et al. proposed the use of a bilateral 
L1 and S2 DRG approach to the stimulator trial. They deter-
mined that since both neuropathic and nociceptive compo-
nents are believed to contribute to chronic coccydynia [33], 
that there is an instrumental role of the DRG in both pain 
states may result in positive outcomes (Fig. 20.4b).

ba

Fig. 20.3 Image (a) shows caudal injection of contrast, and image (b) shows sacrococcygeal injection (note subluxation of Co1–Co2 segment)
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Intrathecal Pain Pump In chronic and intractable cases of 
coccydynia, intrathecal pumps might also be considered.

Coccygeoplasty This intervention is recommended for 
retractable pain in the treatment of acute or subacute osteo-
porotic coccygeal fractures and coccydynia with edema [5].

20.8.4  Surgery

Coccygectomy The efficacy of coccygectomy for coccy-
dynia has been variable, with studies reporting anywhere 
from 60% to 91% success rates [34]. Surgical outcome was 
shown to be increased by limiting coccygectomy to patients 
with instability and hypermobility of the sacrococcygeal 
junction (demonstrated by stress radiographs) [35]. Balain 
et al. [36] found that patients with moderate to severe coccyx 
DJD did better postoperatively than those with mild or no 
degenerative changes. Perkins et al. [37] indicated a success 
rate of 92% after coccygectomy for patients who had at least 
75% pain relief after injection of local anesthetic into the 
sacrococcygeal joint. Coccygectomy remains an effective 
treatment for coccyx pain in severely disabled patients, 
although high risk of infection in postoperative phase should 
be carefully considered [36]. Coccygectomy is also dis-
cussed in Chap. 16.
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Anterior and Lateral Shoulder Disorders

William A. Berrigan, Oluseun Olufade, 
and Kenneth Mautner

21.1  Acromioclavicular (AC) Joint Injuries

21.1.1  Synonyms

• AC joint separation (S43.101A)
• Shoulder separation (S43.101A)
• Osteolysis of the distal clavicle (M89.519)
• Painful degeneration of the AC joint (M19.019)

21.1.2  Description

The AC joint is a common site for injury in athletes who fall 
onto the shoulder. The structure consists of the joint capsule 
and acromioclavicular ligaments which stabilize the joint in 
the anterior-posterior (AP) plane and coracoclavicular liga-
ments (conoid and trapezoid) that stabilize in the superior 
inferior plane.

AC joint injuries can be classified as acute or chronic. 
Acute injuries are often more straightforward and have focal 
tenderness, swelling, and deformity. Chronic injuries may be 
more difficult to diagnose given the frequency of association 
with concomitant shoulder pathology.

21.1.2.1  Acute AC Joint Injury
Acute injuries to the AC joint are often caused by a fall onto 
the point of the shoulder. They are classified into six different 

types of injuries based on the position of the clavicle with 
respect to the acromion and coracoid [1] (see Table 21.1).

21.1.2.2  Chronic AC Joint Injury
Repetitive motion and stress can lead to chronic inflamma-
tion of the AC joint. This occurs particularly with activities 
that involve an outstretched arm reaching overhead or across 
the body. This stress can lead to overuse injuries and such 
conditions as osteolysis of the clavicle and osteoarthritis of 
the joint.

21.1.3  Symptoms

Patients will often describe pain at the top of the shoulder 
with arms outstretched or movement across the body (such 
as reaching for a seat belt strap). It is one of the few sites 
within the shoulder where pain can radiate up into the trape-
zius muscle. Exercises that most commonly aggravate the 
AC joint include bench press, dips, and pushups [2].
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Table 21.1 Rockwood classification of acromioclavicular joint injury

Acute AC Joint Injury
Classification 
of injury Description
Type I Sprain of the acromioclavicular joint capsule
Type II Complete tear of the acromioclavicular ligaments 

with sprain of the coracoclavicular ligaments
Type III Complete tear of the acromioclavicular ligaments 

and coracoclavicular ligaments
Type IV Complete tear of the acromioclavicular ligaments 

and coracoclavicular ligaments with the clavicle 
displaced posteriorly into the trapezius

Type V Complete tear of the acromioclavicular ligaments 
and coracoclavicular ligaments with the clavicle 
displaced greater than 100% compared to 
contralateral side

Type VI Complete tear of the acromioclavicular ligaments 
and coracoclavicular ligaments with inferior 
dislocation of the lateral clavicle
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21.1.4  Physical Exam

There is a low level of statistical accuracy and precision of 
special tests for the AC joint when performed in isolation [3]. 
Therefore, it has been recommended to perform a combina-
tion of tests to better increase diagnostic value [4]. Still, phys-
ical examination maneuvers are not beneficial when pretest 
reliability is unequivocal. It is helpful then to have the patient 
point directly to the location of pain and attempt to localize 
the site of tenderness to the AC joint, which is important for 
diagnosis. The following provocative maneuvers can then be 
used to assist with diagnostic confirmation for the AC joint:

• Cross body adduction: Test is performed by passively 
adducting the arm across the body approximating the 
elbow to the contralateral shoulder (sensitivity 77%, spec-
ificity 79%) [3].

• Resisted arm extension: Test is performed by having the 
patient forward flex the arm 90° and flex the elbow 90°. 
The patient is then asked to extend the arm horizontally 
against resistance by the examiner. A positive test is pain 
at the AC joint (sensitivity 72%, specificity 85%) [3].

• Active compression test: Test is performed in two parts. 
First, the examiner asks the patient to flex forward the 
affected arm at 90° with the elbow in full extension and 
arm adducted at 10°–15°. The arm is then internally 
rotated so that the thumb is pointed downward. The 
examiner applies uniform downward force to the arm. 
The second part is performed with the arm in the same 
position, but the palm is supinated. A downward force is 
again applied. A positive test is pain with the first maneu-
ver that is reduced or eliminated with the second maneu-
ver. Pain should be localized over the AC joint or top of 

the shoulder (sensitivity 41%, specificity 95%) 
(Fig. 21.1) [3].

21.1.5  Diagnostic Workup

• X-Rays in AC Joint Injury
• Either a single AP view with both AC joints or one AP 

radiograph of each AC joint should be obtained for com-
parative evaluation. A Zanca view with 15–30 degrees of 
cephalic tilt can be helpful in evaluating for a Type II 
injury or distal clavicular fracture. Stress/weighted radio-
graphs are no longer recommended. Coracoclavicular 
(CC) measurement should be done to evaluate for extent 
of injury. Normal distance is 11–13 mm, but the diagnostic 
value is in comparison to the contralateral side. An increase 
in CC distance of 25–50% indicates complete disruption. 
Type III injury can be distinguished from type V based on 
the amount of displacement. Type III has 25–100% greater 
coracoclavicular distance than the uninjured side, while 
type V is greater than 100% compared to the contralateral 
side [1, 5]. Axillary views help confirm anterior-posterior 
position of the distal clavicle in types III–VI.

• X-Rays in Chronic AC Joint Injury
• X-rays are often abnormal in adults with chronic injuries 

and can be identified by standard anterior-posterior (AP) 
shoulder, glenoid, and scapular Y views. A Zanca view 
can be obtained (15–30 degrees of cephalic tilt) to better 
visualize the AC joint above the acromion.

• Ultrasound
• Ultrasound can provide additional diagnostic information 

to identify degenerative joint disease, os acromiale, cysts, 

a b

Fig. 21.1 The active compression test (a) is performed in the first posi-
tion with the examiner applying a downward force on the arm with the 
patient’s shoulder forward flexed and adducted. The test is then repeated 

with the patient’s palm facing up (b). The pain should be decreased with 
the arm in the second position
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and fluid within the joint as well as to look at the joint 
dynamically. It can also be used to enhance accuracy of 
injections [6, 7].

• Magnetic Resonance Imaging (MRI)
• MRI is not a routine method used for diagnosis of purely 

AC joint pathology. It can demonstrate degeneration of 
the AC joint and disruption of the ligamentous structures 
but is more helpful for ruling out other coinciding pathol-
ogies if clinically indicated [8].

21.1.6  Treatments

21.1.6.1  Acute Injury
Type I and II injuries do well with conservative management. 
Types IV through VI require surgical management for stabi-
lization. Type III injuries are controversial, but the trend is 
toward conservative non-operative management [9].

Type I injuries often recover within 2 weeks, while type II 
can take 6–8 weeks. Type III may extend up to 12 weeks. The 
initial rehabilitation protocol should focus on a gentle range 
of motion exercises (pendulums). This should then be pro-
gressed to a limited strength program (2–6 weeks) followed 
by a challenging strength program that can progress to a 
return to sport (8–10 weeks) [9].

21.1.6.2  Chronic Injury
Chronic AC joint injury and degeneration can be treated with 
activity modifications, rest, ice, over-the-counter analgesics, 
and exercises to improve scapular retraction and stabilization. 
Injection with a corticosteroid may help provide short- term pain 
relief. Pain unresponsive to conservative measures may be indi-
cated for surgical procedures as distal clavicle resection [10].

21.2  Adhesive Capsulitis (M75.0)

21.2.1  Synonyms

• Frozen shoulder
• Painful stiff shoulder
• Periarthritis of the shoulder
• Periarthritis scapulae
• Duplay disease
• Tendinitis of the short rotators

21.2.2  Description

Adhesive capsulitis is defined by the American Academy of 
Orthopaedic Surgeons as a “condition of varying severity 
characterized by the gradual development of global limita-
tion of active and passive shoulder motion where radio-

graphic findings other than osteopenia are absent” [11]. It 
can be classified as either primary or secondary. Primary, or 
idiopathic, is insidious in onset and often associated with 
other disease processes. The most prominent association is 
with diabetes mellitus (DM), with prevalence of DM in 
adhesive capsulitis reported at 30% and with those with DM 
to be at five times greater risk of developing adhesive capsu-
litis compared to controls [12]. Other risk factors include 
thyroid disease, dyslipidemia, prolonged immobilization, 
stroke, drugs such as anti-retrovirals, and Parkinson’s dis-
ease [11]. Secondary adhesive capsulitis is usually caused by 
trauma or injury to the shoulder including rotator cuff tear, 
fracture, post-surgery, or prolonged immobilization.

The pathophysiology behind the disease process is not 
fully understood. It is hypothesized that there is an initial 
synovial inflammation within the joint capsule that leads to a 
subsequent reactive capsular fibrosis and adhesions within 
the synovial lining.

Differential diagnosis of shoulder adhesive capsulitis
Common Less common
Rotator cuff 
tendinopathy

Cervical degenerative disk disease

Subacromial bursitis Referred pain from the cervical spine or 
diaphragm

Impingement syndrome Polymyalgia rheumatica
Glenohumeral 
osteoarthritis

Malignancy (apical lung, metastasis)

21.2.3  Symptoms

Patients with adhesive capsulitis typically will present with 
insidious onset progressively worsening shoulder pain over 
weeks to months followed by significant limitation in range 
of motion of the shoulder. The mean age of onset is 55, more 
often affecting the non-dominant shoulder and women 
greater than men, with 20–30% having a recurrence of adhe-
sive capsulitis on the contralateral shoulder [11]. The clinical 
manifestation is broken up into four phases [13]:

Phase 1: Pre-adhesive Stage
• Pathology: Diffuse glenohumeral synovitis without adhe-

sions most prominent in the anterior-superior capsule
• Duration: 0–3 months
• Presentation: Full range of motion, non-specific pain par-

ticularly at night

Phase 2: Freezing Stage
• Pathology: Acute adhesive synovitis with proliferation of 

the synovium and early formation of adhesions, promi-
nent in inferior capsular fold

• Duration: Symptoms present for 3–9 months
• Presentation: Pain is prominent, and motion loss is mild
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Phase 3: Frozen Stage
• Pathology: Dense, proliferative hypervascular synovitis 

with more prominent fibrosis
• Duration: Symptoms present for 9–14 months
• Presentation: Report a previous history of a painful phase 

that resolved resulting in a pain-free but stiff shoulder

Phase 4: Thawing Stage
• Pathology: Capsular remodeling in response to continued 

use of the shoulder
• Duration: Symptoms present for 15–24 months
• Presentation: Minimal pain with progressive improve-

ment in range of motion

21.2.4  Physical Exam

Patients with adhesive capsulitis demonstrate active and pas-
sive reduction in range of motion in two or more planes com-
pared to the unaffected side. A mechanical restraint to passive 
motion is the hallmark of adhesive capsulitis and is best 
appreciated on passive external rotation with the arm at the 
side. Usually, range of motion is lost in the following order: 
external rotation, abduction, internal rotation, and forward 
flexion. Patients may demonstrate tenderness at the biceps 
tendon because its synovium is confluent with the glenohu-
meral joint. Rotator cuff strength is usually intact and does 
not cause significant pain with isometric testing. Often, the 
Neer and Hawkins test for impingement and the Speed’s test 
for biceps tendinopathy are positive [12].

21.2.5  Diagnostic Workup

21.2.5.1  X-Rays
Plain radiographs are typically normal but are important in 
ruling out other causes of shoulder pathology including 
arthritis, calcific tendinopathy, and shoulder dislocation. 
Radiographs may also show diffuse osteopenia demonstrat-
ing long-standing disease.

21.2.5.2  Magnetic Resonance Imaging (MRI)
MRI is not needed to make a diagnosis of adhesive capsuli-
tis, but can be useful in challenging cases and to rule out 
other coinciding pathologies. Findings on MRI include the 
following [14]:

• Rotator interval enhancement (Fig. 21.2)
• Axillary joint capsule enhancement
• Inferior glenohumeral ligament (IGHL) hyperintensity
• IGHL thickening
• Coracohumeral ligament thickening
• Fat obliteration of the rotator interval

21.2.5.3  Ultrasound
There are certain findings on ultrasound that may be use-
ful as an adjunct for establishing the diagnosis. These 
include [15]:

• Limitation of the sliding movement of the supraspinatus 
tendon beneath the acromion with active arm elevation

• Abnormal hypoechogenicity and hyperemia in the rotator 
interval

• Thickening and increased stiffness of the coracohumeral 
ligament

21.2.6  Treatments

In most cases, adhesive capsulitis is a self-limiting disease 
with spontaneous recovery within 18–30 months. Treatment 
plans are focused on decreasing pain and improving range of 
motion and include medication, physical therapy, proce-
dures, and surgical options [16].

21.2.7  Medical Management

• Non-steroidal anti-inflammatory drugs (NSAIDs) have 
been widely used for the treatment of adhesive capsulitis 
for pain control, especially during the initial inflamma-
tory phases.

• Oral corticosteroids have been shown to improve pain and 
range of motion for short-term management of adhesive 
capsulitis [17].

Fig. 21.2  T2 sagittal image demonstrating soft tissue thickening in the 
rotator interval (arrows) consistent with adhesive capsulitis. HH, 
humeral head; C, coracoid; Arrow, coracohumeral ligament (Image is 
from author’s library)
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21.2.8  Rehabilitation

Physical therapy with a home exercise program is one of the 
mainstay treatment options regardless of stage of adhesive 
capsulitis. Therapy should focus on gentle range of motion 
and as pain allows, stretching and strengthening exercises. 
Although a commonly used treatment, evidence for the effec-
tiveness of physical therapy alone is lacking, but studies have 
shown that physical therapy with corticosteroid injection leads 
to a faster and significant improvement in function [18].

21.2.9  Procedures

No therapeutic intervention is universally accepted as the 
most effective treatment for adhesive capsulitis, but several 
options are available.

 1. Glenohumeral Corticosteroid Injection: Injections have 
shown to decrease pain and improve range of motion and 
function. The effect has been described to last up to 
6 weeks and is more effective when synovitis is present 
during the early stage of adhesive capsulitis [19].

 2. Glenohumeral Joint Hydrodistention: In this procedure, 
the joint is injected with normal saline and corticosteroid 
to dilate the glenohumeral capsule. A summary of meta- 
analyses indicated that arthrographic hydrodistention 
with corticosteroid provides superior pain relief in the 
short term and improvement in range of motion across all 
time frames when compared to intra-articular corticoste-
roid or physiotherapy [20].

 3. Suprascapular Nerve Block: A nerve block is a safe 
method for pain relief in refractory cases of adhesive cap-
sulitis. The aim is to block the nerves to the glenohumeral 
joint as they branch from the suprascapular nerve near the 
suprascapular notch. One study suggested a suprascapu-
lar nerve block combined with intra-articular injection 
increased treatment efficacy at 1 year compared to intra- 
articular injection alone [21].

21.2.10  Surgery

Surgery is reserved for refractory cases that do not respond 
to conservative measures outlined above.

• Manipulation Under Anesthesia: A controlled, forced res-
toration of shoulder movements. The procedure is proven 
effective but does carry an increased risk of humerus 
fracture.

• Surgical Capsular Release: More commonly performed 
procedure involving the release of the capsule with 
improvement in long-term pain and functional outcome 
measures [22].

21.3  Proximal Biceps Tendinopathy 
(M75.22)

21.3.1  Synonyms

• Bicipital tendinitis (M75.22)
• Strain of the muscle, fascia, and tendon of other parts of 

the biceps (S46.211A)

21.3.2  Description

The biceps muscle is made up of a long and a short head. 
The long head originates from intraarticular superior gle-
noid tubercle, contributing to the formation of the glenoid 
labrum. The short head originates from the coracoid pro-
cess. The short head attaches distally on the radial tuberos-
ity, whereas the long head attaches proximally on the radial 
tuberosity.

The long head of the biceps tendon is the most common 
site of pathology. It is contained in the rotator interval that 
includes the coracohumeral ligament and superior gleno-
humeral ligament. It then sits in the bicipital groove 
between the greater and lesser tuberosities. Given the loca-
tion, the long head of the biceps is rarely affected in isola-
tion and is often associated with rotator cuff pathology, 
impingement/scapular dyskinesis, and glenohumeral joint 
instability. It can also be seen with disease processes that 
cause synovitis of the joint capsule given that the synovial 
lining of the biceps tendon sheath is continuous with the 
capsule [23].

The tendon can be affected either acutely or chronically 
and present throughout the full spectrum of tendinopathy 
with risk factors being repetitive movements such as lifting, 
reaching, and overhead throwing. Acute isolated injuries are 
more often seen in younger athletes, while chronic degenera-
tive tendons present in older individuals [24].

Differential diagnosis of proximal biceps tendinopathy
AC joint pathology Adhesive capsulitis
Impingement syndrome Glenohumeral instability
Rotator cuff tendinopathy Cervical spine pathology
SLAP tears Humeral head osteonecrosis
Subacromial bursitis Glenohumeral osteoarthritis

21.3.3  Symptoms

Patients will often present with anterior-medial shoulder 
pain that may radiate down to the muscle belly of the biceps. 
Pain is worsened with flexion, lifting, pulling, and repetitive 
overhead activity. Isolated cases of biceps tendinopathy can 
occur in younger overhead athletes, but more often it coin-
cides with other rotator cuff pathologies. A clicking or 
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popping of the shoulder may occur and indicate instability 
and subluxation of the tendon which is most often associated 
with tears of the subscapularis tendon as the biceps tendon 
moves medially [25].

21.3.4  Physical Exam

Physical examination of the biceps tendon has its inherent 
challenges given that the tendon lies deep within the joint 
and the extra-articular portion within the biceps groove is 
adjacent to other structures. Findings, therefore, are similar 
to other pathological entities that may either be affecting the 
glenohumeral joint or rotator cuff. There are two tests for the 
bicep tendon that may aid with differential diagnosis [2, 25]:

• Yergason’s test: The patient flexes the elbow to 90° with 
the forearm pronated. The examiner holds the patient’s 
wrist to resist supination and has the patient actively supi-
nate against the resistance of the examiner. The test is 
positive when pain is elicited within the bicipital groove 
(Fig. 21.3a) (sensitivity 43%, specificity 79%) [26].

• Speed’s test: The patient flexes the shoulder against resis-
tance, while the elbow is extended and the forearm supi-
nated. The test is positive when pain is localized to the 
bicipital groove (Fig. 21.4b) (sensitivity 90%, specificity 
13.8%) [27].

21.3.5  Diagnostic Workup

21.3.5.1  Ultrasound
Ultrasound can assist in delineating the spectrum of pathol-
ogy for the biceps tendon, including tendinosis, tenosynovi-

tis, and tendon tearing. A normal bicep tendon is tightly 
packed, fibrillar, and well defined as it sits in the bicipital 
groove (Fig.  21.4). An abnormal tendon can appear 
hypoechoic, thickened, and possibly with tendon fiber dis-
continuity or defect. Heterogeneous fluid surrounding the 
tendon can be suggestive of tenosynovitis. However, fluid 
surrounding the tendon may also be suggestive of rotator 
cuff pathology. Active subluxation of the tendon outside of 
the bicipital groove can be seen by having the patient supi-
nate and pronate the forearm with active internal and exter-
nal rotation of the shoulder. This is most commonly 
associated with tears of the subscapularis tendon [28].

21.3.5.2  MRI
Magnetic resonance imaging provides the ability to visualize 
the biceps tendon but with limited sensitivity and specificity 
for diagnosis of pathology [29, 30]. MRI should be reserved 
for advanced cases, suspected complete tear, and surgical 
planning and to further investigate the labrum. It can also be 
helpful in investigating coinciding pathology for those not 
responding to conservative measures.

21.3.6  Treatment

Initial treatment begins with activity modifications, a trial of 
NSAIDs and/or a corticosteroid injection. Ultrasound guid-
ance should be used to enhance accuracy [31]. NSAIDs and 
corticosteroid injections should always be used for short- term 
pain relief in combination with a multi-phase rehabilitation 
program [32]. Other treatments that have been suggested for 
tendinopathy include topical nitroglycerine, iontophoresis, 
phonophoresis, therapeutic ultrasound, extracorporeal shock 
wave therapy, and low-level laser therapy [33].

a b

Fig. 21.3 (a) Yergason’s test is performed by the examiner resisting forearm supination by the patient with the elbow bent. (b) Speed’s test is 
performed by the examiner resisting shoulder flexion with the elbow extended and forearm supinated
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21.4  Shoulder Labral Tear (S43.43)

21.4.1  Synonyms

• SLAP (superior labral anterior-posterior) tears (S43.439)
• SLAP lesion of the right shoulder (S43.431)
• SLAP lesion of the left shoulder (S43.432)
• Humeral avulsion of the glenohumeral ligament (HAGL) 

(M24.419)
• Bankart lesion (M24.119)
• Bony Bankart lesion (M24.119)
• Reverse soft tissue Bankart lesion (M24.119)
• Other shoulder lesions, unspecified shoulder (M75.80)
• Other shoulder lesions, right shoulder (M75.81)
• Other shoulder lesions, left shoulder (M75.82)

21.4.2  Description

The labrum is a fibrocartilaginous ring located on the periph-
ery of the glenoid that provides added depth, surface area, 
and stability to the glenohumeral joint. It serves as the pri-
mary attachment site for the shoulder capsule, glenohumeral 
ligaments, and biceps tendon. Injury can occur throughout 
all areas of the labrum, but the most studied is the superior 
labrum anterior posterior (SLAP) tear.

SLAP tears can occur via multiple mechanisms. An acute 
injury results from a forceful eccentric contraction exerted 
on the biceps tendon. Common mechanisms include falling 
on an outstretched arm, grabbing onto an object in an attempt 
to prevent oneself from falling, or suddenly attempting to lift 
a heavy object.

Chronically, SLAP tears can be seen in overhead throwing 
athletes. In throwing, the shoulder is forcefully abducted and 
externally rotated. Performing this motion with a weight in hand 
places stress on the labrum as shear forces from movement of 
the humeral head are resisted by the capsule. In addition, the 
anatomy of a thrower changes from adaptations over time. 
These athletes tend to have posterior capsular contractures with 
loose anterior structures and a retroverted humeral head. This 
increases external rotation and changes the torsional force on 
the bicep-labral complex, increasing the risk for tear [34].

Another common labral injury is a Bankart lesion. This 
occurs following an episode of anterior instability. As the 
humeral head moves anteriorly and inferiorly, damage occurs 
to the anterior-inferior labrum, glenohumeral ligaments, 
joint capsule, rotator cuff, and possible neurovascular struc-
tures. Ninety percent of patients less than 30 with an anterior 
dislocation will have a soft tissue Bankart lesion, and 5% 
will have an associated fracture, also known as a bony 
Bankart [35]. Bankart lesions lead to the risk of further insta-
bility as the labrum is no longer able to provide a suction seal 
with the glenoid.

21.4.3  Symptoms

The diagnosis relies on eliciting a history with the appropri-
ate mechanism of injury in addition to the presentation listed 
below.

21.4.3.1  SLAP Tear
Patients complain of deep-seated sharp or dull pain localized 
to the posterior or posterosuperior joint line. The pain is 
exacerbated by abduction, overhead and behind the back arm 
motions, lifting, and pushing heavy objects. It can be associ-
ated with a popping, catching, or grinding sensation.

21.4.3.2  Bankart Lesions
Patients will have presented after an episode of anterior 
instability from being forced into excessive abduction and 
external rotation. The patient may not have had an overt 
injury, but could have had multiple episodes of instability. 
Often, these individuals will have their arm adducted and 
internally rotated for comfort, avoiding abduction and exter-
nal rotation so as to not stress the injured structures. It is 
important to identify age at first dislocation, need for formal 
reduction, number of instability episodes, voluntary instabil-
ity, and anticipated future sports activities [36].

21.4.4  Physical Examination

No current physical examination test is able to guarantee 
diagnostic value when used alone. A best-test combination is 

Fig. 21.4 Bicipital groove. 15–6  MHz transducer ultrasound image 
demonstrating the normal biceps tendon as a rounded and echogenic 
structure (star) within the bicipital groove (arrows). The transverse 
humeral ligament (curved arrow) bridges the greater and lesser tuberos-
ity forming the bicipital sulcus into an osteofibrous tunnel
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advised for the diagnosis. The following physical examina-
tion maneuvers can be used [2].

21.4.4.1  Active Compression (O’Brien) Test
This test is performed in two parts. First, the examiner asks 
the patient to forward flex the affected arm 90° with the 
elbow in full extension and arm adducted 10°–15°. The 
arm is then internally rotated so that the thumb is pointed 
downward. The examiner applies uniform downward force 
to the arm. The second part is performed with the arm in 
the same position, but the palm is supinated. A downward 
force is again applied. A positive test is pain with the first 
maneuver that is reduced or eliminated with the second 
maneuver. Pain should be localized as inside the glenohu-
meral joint itself.

21.4.4.2  Bicep Load Test
The patient is supine with the examiner adjacent to the 
patient on the same side as the shoulder. The examiner grasps 
the patient’s wrist and elbow gently. The arm to be examined 
is elevated to 120° and externally rotated to its maximal 
point with the elbow at 90° flexion and the forearm in the 
supinated position. The patient is asked to flex the elbow 
while resisting elbow flexion by the examiner. The test is 
considered positive if the patient complains of more pain 
from the resisted elbow flexion regardless of the degree of 
pain before the elbow flexion maneuver. The test is negative 
if pain is not elicited by resisted elbow flexion or the pre- 
existing pain during elevation and external rotation of the 
arm is unchanged or diminished (sensitivity 89%, specificity 
96%) [36].

21.4.4.3  New Pain Provocation Test
The examiner is standing behind the patient with the arm in 
a position similar to the anterior apprehension test (abduc-
tion angle of the upper arm is maintained at 90–100 with the 
shoulder externally rotated). The patient is asked to resist 
pronation and supination of the forearm. The test is positive 
for a superior labral tear when pain is provoked only with the 
forearm in the pronated position or if pain is more severe in 
the pronated position than supinated (sensitivity 100%, spec-
ificity 90%) [37].

21.4.4.4  Crank Test
The arm is abducted greater than 100° in the scapular 
plane. The elbow is then flexed to 90°, and axial force is 
applied through the humerus onto the glenohumeral joint 
while externally and internally rotating the arm. A posi-
tive test is pain with the maneuver with or without a click 
or reproduction of symptoms (sensitivity 91%, specificity 
93%) [38].

21.4.4.5  Anterior Slide Test
The patient is either standing or sitting with hands on the hip 
and thumbs pointing posteriorly. The examiner’s hand is 
placed on top of the shoulder, and the other hand is placed 
behind the elbow; a forward and superior force is applied to 
the elbow and upper arm. The patient is asked to push back 
against the force. A positive test reproduces pain or a click-
ing sensation (sensitivity 78.4%, specificity 91.5%) [39].

21.4.4.6  Compression-Rotation Test
The patient is supine with the shoulder abducted to 90° and 
the elbow flexed at 90°. A compression force is applied to the 
humerus which is then rotated and attempts to trap the torn 
labrum. Pathology may be felt to catch and snap during the 
test (sensitivity 80%, specificity 19%) [40].

21.4.4.7  Dynamic Shear Test
With the examiner standing behind a patient, the patient’s 
arm is placed in abduction of approximately 70°, and an 
anteriorly directed force is applied on the posterior shoulder. 
The arm is raised from 70° to 120°. In a positive test result, 
the patient experiences pain, particularly in the posterior and 
superior shoulder (sensitivity 72%, specificity 98%) [41],

21.4.5  Diagnostic Workup

21.4.5.1  X-Rays
Radiographs are often unrevealing for SLAP tears but can be 
used to assess other causes of shoulder pain including AC 
and GH joint osteoarthritis, calcific tendinopathy, osteochon-
dral lesions, fracture, dislocation, and bony tumors. In acute 
shoulder dislocations causing a labral tear, radiographs can 
be used to exclude fracture and confirm reduction.

A bony Bankart lesion may be identified with a fracture of 
the anterior-inferior glenoid. A Hill-Sachs defect, or postero-
lateral humeral head depression fracture, may also be identi-
fied and is best appreciated on AP internal rotation view. 
When a Hill Sachs defect is identified, careful attention 
should be taken to assess for a Bankart lesion as they are up 
to 11 times more common in patients with a Hill-Sachs 
deformity [42].

21.4.5.2  MRI
MRI arthrogram is the diagnostic gold standard to evaluate 
the labrum (Fig. 21.5). Recently 3T MRI has also been used 
with similar accuracy and can avoid a contrast injection [43]. 
MRI to evaluate the labrum specifically is recommended in 
patients under the age of 35, but beyond 35, instability is 
often caused by rotator cuff pathology and is managed con-
servatively [44].
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21.4.6  Treatment

21.4.6.1  SLAP Tear
Initial management includes avoiding aggravating activities 
such as overhead motions, abduction, and external rotation. 
Pain control can be achieved with the use of NSAIDs or non- 
opiate medications. Once the pain is controlled, a step-wise 
rehabilitation program should be started focusing on the fol-
lowing [45]:

• Improving pain-free range of motion
• Resolving posterior capsular tightness and internal rota-

tion deficit (sleeper stretch, cross-arm adduction with for-
ward elevation)

• Scapular stabilization
• Rotator cuff strengthening

Those that are not responsive to conservative manage-
ment should be referred for surgical opinion. SLAP repair 
can be performed +/− biceps tenodesis and demonstrates 
good-excellent results in the proper patient selection [46]. 
Full return to play may take 3–6 months for recovery and 
rehabilitation. Surgical outcomes are less successful in adults 
over the age of 40 [47].
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Posterior Shoulder Disorders

Martin Weaver, Robert Bowers, and Kenneth Mautner

22.1  Rotator Cuff Tendinopathy (M67.919)

22.1.1  Synonyms

• Tendinosis of rotator cuff (M67.819)
• Rotator cuff injury (S46.099A)
• Rotator cuff strain (S46.012A)
• Unspecified rotator cuff tear/rupture (M75.100)
• Incomplete rotator cuff tear/rupture (M75.110)
• Calcific tendinitis (M65.2)
• Other shoulder lesions (M75.8)
• Injury of muscle(s) and tendon(s) of the rotator cuff of the 

shoulder (S46.0)
• Injury of unspecified muscle and tendon at the shoulder 

and upper arm level (S46.9)

22.1.2  Description

The rotator cuff is a common site for injury in patients who 
perform repetitive overhead activities. The structure consists of 
the supraspinatus, infraspinatus, teres minor, and subscapularis, 
which help range the shoulder joint through abduction, external 
rotation, adduction, and internal rotation, respectively.

Rotator cuff tendinopathies can be classified as acute or 
chronic. Acute injuries are more often traumatic, and the 

supraspinatus is the most commonly torn tendon [1]. Chronic 
injuries are more common [2] and may be more difficult to 
diagnose given the frequency of association with concomi-
tant shoulder pathology [3]:

• Acute injury:
 – Acute injuries to the rotator cuff are often traumatic
 – Tears are classified into different subcategories with 

respect to location and severity [2]:
Partial thickness versus full thickness
Bursal sided versus articular sided versus intratendinous

• Chronic injury:
 – Repetitive motion and stress can lead to chronic 

inflammation of the rotator cuff tendons. This occurs 
particularly with activities that involve repetitive over-
head use. This stress can lead to overuse injuries and 
such conditions as rotator cuff tendinopathy and cal-
cific tendinitis. Chronic rotator cuff tears can progress 
to rotator cuff arthropathy.

22.1.3  Clinical Presentation

• Pain often described as dull and aching in anterolateral 
aspect of shoulder and lateral deltoid region which  
is exacerbated by overhead activities (shoulder 
abducted > 90°) [1].

• Pain may be worse after extended periods of activity and 
at night [1].

• Pain with sleeping on the affected side [1].
• Shoulder weakness is more apparent with full-thickness 

tears than partial-thickness tears [2].

22.1.4  Physical Exam

• Painful arc test  – Patient actively abducts an internally 
rotated shoulder. Test is positive for impingement if it 
reproduces pain between approximately 70° and 120° of 
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abduction that reduces after that level of elevation. This 
test is 67.4% sensitive and 47% specific for detecting 
partial-thickness rotator cuff tears. This test is 75.8% 
sensitive and 61.8% specific for detecting full-thickness 
rotator cuff tears [4].

• Hawkins impingement test  – While patient is seated 
with elbow flexed to 90° and shoulder flexed to 90° 
examiner maximally internally rotates shoulder while 
stabilizing scapula. Test is positive if it reproduces pain 
at the anterior edge of acromion [5]. This test is 87.5% 
sensitive and 42.6% specific for detecting rotator cuff 
pathology [4].

• Neer impingement test  – Examiner stands behind 
patient stabilizing scapula and passively elevates arm 
into full flexion with slight internal rotation and fore-
arm pronation. Test is positive if it reproduces pain 
around 120° of glenohumeral flexion [5, 6]. This test is 
83.3% sensitive and 50.8% specific for detecting rota-
tor cuff pathology [4].

• Yocum’s test  – Patient adducts arm across chest with 
elbow flexed until hand overlies contralateral shoulder. 
Then, patient raises the elbow without moving the shoul-
der. Test is positive for impingement if pain reproduced 
[7]. This test is 79% sensitive and 79% specific for detect-
ing rotator cuff pathology [4].

• Empty can (Jobe) test – Patient abducts shoulder to 90° 
and flexes shoulder to 30°. Examiner then internally 
rotates patient’s arm until thumb points down and applies 
downward pressure onto arm. Test is positive for supra-
spinatus pathology if pain and weakness reproduced [8]. 
This test is 79.3% sensitive and 50% specific for detecting 
supraspinatus lesions [4].

• Drop-arm rotator cuff test  – Examiner passively abducts 
patient’s arm to 90° and then asks patient to slowly lower 
arm to his/her side. Test is positive for large rotator cuff tear 
if patient is unable to slowly lower arm and instead “drops” 
arm to side. This test is 10% sensitive and has a 100% posi-
tive predictive value for detecting rotator cuff tear [4].

• Patte test – Examiner supports patient’s elbow in 90° of 
forward elevation in the scapular plane and asks the 
patient to actively rotate the arm laterally against resis-
tance. Test is positive for tendonitis if pain is provoked, 
but strength is maintained or for infraspinatus tear if 
weakness is observed. This test is 70.5% sensitive and 
90% specific for detecting infraspinatus lesions [4].

• Lift-off test  – Patient places hand against mid-lumbar 
region with elbow flexed and then is asked to internally 
rotate the shoulder and lift the hand posteriorly off the 
back. Test is positive for subscapularis pathology if 
patient cannot lift hand off back without extending elbow 
or shoulder [6, 8]. This test is 35–40% sensitive and 
75–79% specific for subscapularis pathology [4].

• Bear hug test  – Patient places the hand of the affected 
shoulder onto the opposite shoulder and resists examin-

er’s attempt to pull hand off shoulder. Test is positive for 
subscapularis pathology if the patient cannot maintain 
hand on shoulder. This test is 60% sensitive and 92% spe-
cific for subscapularis pathology [4].

• Hornblower’s test – While patient is standing, examiner 
supports arm in 90° of abduction with elbow flexed to 
90°, and then patient externally rotates arm against the 
examiner’s resistance. Test is positive if arm cannot be 
externally rotated [6].

22.1.5  Diagnostic Workup

• Plain Radiograph
 – Chronic rotator cuff pathology may be demonstrated 

by cystic changes of the humeral head and sclerosis of 
the inferior acromion [8].

 – Complete rotator cuff tears may be diagnosed radio-
graphically by visualization of a high-riding humeral 
head. Without the stabilization of the rotator cuff 
tendons maintaining the humeral head’s seating 
within the glenoid, the humeral head may migrate 
superiorly and anteriorly approximating closer to the 
acromion [1].

• Ultrasound
 – Should be considered the first-line advanced imaging 

in most patients with atraumatic shoulder pain and 
normal plain radiographs with suspected rotator cuff 
disorder.

• Magnetic Resonance Imaging
 – MRI without intravenous contrast should be consid-

ered in patients with atraumatic shoulder pain and nor-
mal plain radiographs with suspected rotator cuff 
disorder and can be especially helpful for surgical 
planning.

22.1.6  Treatments

• Medical Management
• Rotator cuff tendinopathy treatment goals include resolu-

tion of pain including nightly pain and pain with overhead 
activities, while re-establishing range of motion and 
strength to regain upper extremity function and allow the 
patient’s safe return to sport, employment, or activities of 
daily living.

• Medications
 – Acetaminophen [9]
 – NSAIDs [9]
 – Nitroglycerin:

• While use is off-label, topical nitroglycerin has 
been shown to reduce pain and improve mobility, 
strength, and function at short-term and 6-month 
follow-up [10].

M. Weaver et al.
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• Rehabilitation
 – Activity modifications and relative rest (no immobili-

zation) for first 1–2 weeks [1].
 – Progressive shoulder stretching and strengthening pro-

gram [1].
 – Manual therapy and exercise may be as effective as 

corticosteroid injection for improving pain and 
 function in patients with chronic rotator cuff pathology 
[11].

• Procedures
 – Subacromial corticosteroid injection (Fig.  22.1) may 

provide short-term analgesia and functional improve-
ment but no evidence of long-term benefit [3]. Single 
injection is preferred since repetitive injection may 
degrade integrity of rotator cuff and disadvantage sub-
sequent repair.

 – Platelet-rich plasma (PRP) has been shown in system-
atic reviews to reduce pain associated with long-term 
rotator cuff injuries, improve healing rates and func-
tional outcomes, and reduce pain when used adjunc-
tively with rotator cuff repairs [12, 13].

 – Extracorporeal shock wave therapy (ESWT) has been 
shown to be an effective treatment strategy for calcific 
tendinopathy of the rotator cuff, but its use in non- 
calcific tendinopathy is not supported [14].

• Surgery
 – Surgery may be indicated for partial-thickness tears in 

active patients with traumatic injury, high-grade 
partial- thickness tears that have failed 3–6 months of 
nonoperative management, and full-thickness tears 
particularly in active patients [1].

 – Partial-thickness tears may be treated with tendon 
debridement and acromioplasty, arthroscopic repair, or 
mini-open repair [2]:
• If tear <50% of tendon thickness, arthroscopic 

debridement with or without acromioplasty should 
be considered.

• If tear >50% of tendon thickness, conversion or in 
situ repair should be considered.

 – Full-thickness tears may be treated with arthroscopic, 
mini-open, or open repair [15].

 – Randomized controlled trials have proven no signifi-
cant difference in pain, disability, or function at a 
mean follow-up of 12 years between patients treated 
for rotator cuff tendinopathy with physical therapy 
alone versus combined with arthroscopic surgical 
decompression [16].

22.2  Subacromial Bursitis (M75.50)

22.2.1  Synonyms

• Subdeltoid bursitis
• Subacromial subdeltoid bursitis

22.2.2  Definition

A bursa is a thin, fluid-filled sac lined by synovial membrane 
positioned between mobile structures in the musculoskeletal 
system to facilitate smooth movement through expected 

a b

Fig. 22.1 Ultrasound-guided subacromial bursa injection. (a) Placement of probe and needle. (b) Ultrasound-guided in-plane injection approach 
of subacromial bursa. AC acromion, SS supraspinatus, GT greater tuberosity of humerus; arrows, needle. (Courtesy of Malanga and Mautner [68])
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range of motion. Subacromial bursitis refers to inflammation 
of the bursa that lies between the bony acromion and the 
underlying supraspinatus tendon.

Bursitis can be caused by:

• Direct trauma
• Prolonged pressure
• Overuse or repetitive overhead activity
• Crystalline arthropathy
• Inflammatory arthropathy
• Infection

22.2.3  Clinical Presentation

• Pain present at rest and exacerbated by use.
• Pain refers to insertion of deltoid muscle about 10 cm dis-

tally along the lateral portion of the upper arm.
• Pain may impair sleep-related to side-lying applying local 

pressure to structure.
• Adhesive capsulitis may result from persistent 

immobility.

22.2.4  Physical Exam

• Painful arc test – This test is 70.6% sensitive and 46.9% 
specific for detecting subacromial bursitis [4].

• Hawkins impingement test – This test is 91.7% sensitive 
and 44.3% specific for detecting subacromial bursitis [4].

• Neer impingement test – This test is 75–85.7% sensitive 
and 47.5–49.2% specific for detecting subacromial bursi-
tis [4].

• Yocum’s test
• Empty can (Jobe) test
• Drop-arm rotator cuff test
• Lift-off test
• Hornblower’s test

22.2.5  Diagnostic Workup

• Plain Radiograph
 – X-rays may reveal concomitant pathology such as 

acromion type predisposing to shoulder impingement 
syndrome or high-riding humeral head related to rota-
tor cuff tear.

• Ultrasound
 – May reveal bursal thickening or increased fluid within 

the bursa sac representing bursitis
 – May also be helpful in determining if concomitant 

rotator cuff tear is involved

• Magnetic Resonance Imaging
 – MRI without intravenous contrast should be consid-

ered in patients with atraumatic shoulder pain and nor-
mal plain radiographs with suspected rotator cuff 
disorder.

22.2.6  Treatment

• Medical/Rehabilitation Management
• Subacromial bursitis treatment goals include resolution of 

pain including nightly pain and pain with overhead activi-
ties while re-establishing range of motion and strength to 
regain upper extremity function and allow the patient’s 
safe return to sport, employment, or activities of daily 
living:
 – Medications: Nonsteroidal anti-inflammatory drugs 

(NSAIDs)
 – Physical therapy: Maintenance and/or restoration of 

range of motion
• Procedures

 – Subacromial corticosteroid injection (Fig. 22.2):
Systematic review concluded patients may benefit 
from up to three injections in a 12-week period [17].
Some data even suggests the frequency of steroid 
injections for subacromial bursitis does not impose the 
risk of developing rotator cuff tears [18].
Limited data suggests ultrasound-guided injections 
may be more effective for treating subacromial 
bursitis than landmark-guided [19, 20], but these 
findings were not validated in a large systematic 
review [21].

• Surgery
 – Subacromial bursectomy: A surgical procedure 

designed to remove an inflamed pathologic bursa, 
thereby improving restricted movement of the rota-
tor cuff tendons below. Randomized controlled tri-
als suggest that bursectomy alone may be as 
effective as bursectomy followed by acromioplasty 
for improving pain and function up to 12 years in 
patients with primary subacromial impingement 
[22, 23].

22.3  Shoulder Impingement Syndrome 
(M75.40)

22.3.1  Synonyms

• Internal impingement of shoulder (M75.40)
• Bursitis of shoulder (M75.50)
• Other shoulder lesions (M75.80)
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22.3.2  Definition

Impingement syndrome is common in patients who partici-
pate in sports or work requiring repetitive overhead or hori-
zontal upper extremity activities. The etiology is typically 
multifactorial due to a combination of both functional and 
structural abnormalities such as weak rotator cuff stabilizers 
or acromial spurring, respectively.

Impingement syndrome is described as shoulder pain, 
weakness, and/or limited range of motion as a result of struc-
tural or functional changes of the shoulder joint.

The syndrome can be classified into two types [24, 25]:

• External shoulder impingement:
 – Subacromial impingement – The most common type 

due to compression of supraspinatus tendon, long head 
of biceps tendon, biceps interval, and/or subacromial 
bursa between coracoacromial arch and humeral head

 – Subcoracoid impingement – Compression of subscap-
ularis tendon and subcoracoid bursa between coracoid 
process and humeral head

• Internal shoulder impingement:
 – Posterosuperior impingement – Compression of supra-

spinatus tendon, infraspinatus tendon, adjacent cap-
sule, and/or bursa between the humeral head and 
posterosuperior glenoid labrum

 – Anterosuperior impingement – Compression of supra-
spinatus tendon, subscapularis tendon, long head of 
biceps tendon, coracohumeral ligament, and/or supe-
rior glenohumeral ligament between the humeral head 
and anterosuperior glenoid labrum

22.3.3  Clinical Presentation

• Subacromial Impingement
 – Patients typically experience anterolateral shoulder 

pain exacerbated by overhead activities or when roll-
ing on symptomatic shoulder while sleeping.

• Subcoracoid Impingement
 – Patients typically experience anterior shoulder pain 

and coracoid tenderness exacerbated by repeated 
shoulder flexion and internal rotation.

• Posterosuperior Impingement
 – Patients typically experience posterior shoulder pain 

particularly in overhead athletes or occupations, exac-
erbated by overhead throwing, lifting, and hitting.

• Anterosuperior Impingement
 – Patients typically experience anterior shoulder pain 

exacerbated by shoulder flexion, adduction, and inter-
nal rotation.

22.3.4  Physical Exam

• Painful arc test
• Hawkins impingement test
• Neer impingement test
• Yocum’s test
• Empty can (Jobe) test
• Drop-arm rotator cuff test
• Lift-off test
• Hornblower’s test

a b

Fig. 22.2 Ultrasound-guided subcoracoid injection approach. (a) 
Placement of probe and needle. (b) Ultrasound of subcoracoid bursa 
demonstrating in-plane injection approach. D deltoid, B subcoracoid 

bursa, SS subscapularis, H humerus, arrow, needle trajectory. (Courtesy 
of Malanga and Mautner [68])
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• Scapular assistance test – The examiner stabilizes the 
upper medial border of the scapula and rotates the 
inferomedial border to assist the lower trapezius, 
while the patient actively abducts or adducts the arm. 
This test is positive for lower trapezius weakness as a 
cause of impingement if the examiner’s support 
relieves pain, clicking, or weakness. This test is 100% 
sensitive and 33% specific for detecting lower trape-
zius weakness [4].

22.3.5  Diagnostic Workup

• Plain Radiographs
 – Plain radiographs may suggest predisposition to shoul-

der impingement syndrome based on anatomical varia-
tion of the acromion type [26]:
 1. Flat
 2. Curved – Parallel to the humeral head with concave 

undersurface, the most common type
 3. Hooked  – The most anterior portion of the acro-

mion has hooked shape; associated with increased 
incidence of shoulder impingement.

 4. Convex – Convex undersurface near the distal end 
of the acromion; no correlation with impingement 
syndrome.

• Ultrasound
 – Ultrasound is not needed to make a diagnosis of shoul-

der impingement syndrome but can be useful in chal-
lenging cases and to rule out other coinciding 
pathologies such as rotator cuff tears. Ultrasound also 
has the advantage of being able to view impingement 
dynamically to obtain more details on the pathologic 
structures.

• Magnetic Resonance Imaging
 – MRI is not needed to make a diagnosis of shoulder 

impingement syndrome but may be useful in challeng-
ing cases and to rule out other coinciding pathologies 
such as rotator cuff tears, abnormalities of supraspina-
tus outlet, or labral pathology.

22.3.6  Treatments

• Medical Management
• Shoulder impingement syndrome treatment goals include 

reducing pain and inflammation, improving range of 
motion, strengthening rotator cuff muscles, optimizing 
biomechanics, and facilitating return to activity. 
Conservative treatment with limiting painful activities, 
especially overhead, icing/heating, and analgesics are 
first-line treatments.

• Medications: The following medications can be 
prescribed:
 – Acetaminophen
 – NSAIDs
 – PO corticosteroids – may be considered in cases where 

alternatives are contraindicated (e.g., renal disease and 
liver disease)

• Rehabilitation
 – Rotator cuff strengthening
 – Scapular stabilization
 – Manual therapy
 – Kinesio taping
 – Acupuncture
 – Postoperative rehabilitation protocols described below 

as part of surgical care
• Procedures

 – Subacromial corticosteroid injection (Fig.  22.2): 
Injections have shown moderate evidence to decrease 
pain and improve range of motion and function short 
term, but multiple injections may compromise integ-
rity of rotator cuff [3].

 – Subcoracoid corticosteroid injection
• Surgery

 – Surgery is reserved for refractory cases that do not 
respond to conservative measures outlined above.

 – Factors associated with poor outcomes following con-
servative management include the presence of rotator 
cuff tear >1 cm, pretreatment symptoms >1 year, and 
significant functional impairment at initial presenta-
tion [28]:
• Subacromial decompression: A surgical procedure 

designed to release the coracoacromial ligament 
and shave away some undersurface of the acromion 
and/or osteophytes, thereby increasing the subacro-
mial space to allow smooth movement of the rotator 
cuff tendons below. Systematic reviews have shown 
no difference between placebo and subacromial 
decompression surgery in improving shoulder pain, 
function, or quality of life at 1–2  years in adults 
with subacromial pain. They also suggest that 
improvements following subacromial decompres-
sion compared to exercise therapy may not be clini-
cally significant [29]. A randomized controlled trial 
of arthroscopic subacromial decompression for 
subacromial shoulder pain also did not conclude 
improvement in pain or function [30].

• Subacromial bursectomy: A surgical procedure 
designed to remove an inflamed pathologic bursa, 
thereby improving restricted movement of the rota-
tor cuff tendons below. Randomized controlled tri-
als suggest that bursectomy alone may be as 
effective as bursectomy followed by acromioplasty 
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for improving pain and function up to 12 years in 
patients with primary subacromial impingement 
[22, 23].

 – Postoperative rehabilitation protocols may include 
[27]:

 1. No overhead activity for initial 6 weeks following 
surgery and caution with overhead activities up to 
12 weeks following surgery.

 2. Active assisted range of motion exercises immedi-
ately following surgery.

 3. Active range of motion and isotonic submaximal 
strengthening exercises at 2 weeks.

 4. Progression to eccentric, concentric, and isokinetic 
exercises at 6–12 weeks.

22.4  Suprascapular Nerve Entrapment 
(G56.80)

22.4.1  Synonyms

• Other specified mononeuropathies of unspecified upper 
limb (G56.80)

• Suprascapular nerve compression (G56.80)
• Nerve entrapment syndrome, suprascapular (G56.80)
• Compression of suprascapular nerve (G56.80)
• Lesion of suprascapular nerve (G58.8)
• Suprascapular nerve injury (S44.8X9A)

22.4.2  Definition

The suprascapular nerve originates from the upper trunk 
of the brachial plexus and carries sensory fibers from the 
glenohumeral and acromioclavicular joints as well as 
motor fibers to the supraspinatus and infraspinatus mus-
cles. Injuries occur most often due to entrapment at the 
suprascapular notch compared to at the spinoglenoid 
notch [31].

While direct trauma resulting from a football tackle, fall, 
motor vehicle accident, or rotator cuff tear is a common 
cause of injury, the nerve can also be injured during stretch-
ing, traction, or repetitive movements as seen in weightlift-
ers, volleyball players, baseball players, and gymnasts 
[31–35]. Rarely, the suprascapular nerve can be compressed 
by ganglion cysts or tumors [36].

22.4.3  Clinical Presentation

• The patient typically presents with chronic and dull pain 
at the superior and posterolateral aspect of the shoulder 
often radiating to the neck or lateral arm [37].

• The patient may also complain of weakness or loss of 
function in either the infraspinatus alone (weak external 
rotation) if entrapped at the spinoglenoid notch or both 
infraspinatus and supraspinatus (weak external rotation 
and shoulder abduction between 90° and 180°) if 
entrapped at thte suprascapular notch [38].

22.4.4  Physical Exam

• Suprascapular nerve stretch test  – The clinician stands 
behind the patient gently holding the head away and 
rotated laterally from the affected shoulder while retract-
ing the affected shoulder with the other hand (Fig. 22.3). 
The test is positive if it reproduces posterior shoulder pain 
[37].

• Crossed-body adduction test – The patient adducts a for-
ward flexed arm across the body which can be accentu-
ated by external rotation of the humerus placing greater 
tension on the suprascapular nerve and increasing 
impingement of the suprascapular nerve on the medial 
border of the scapula at the spinoglenoid notch. This test 
is positive if it increases pain [39].

Fig. 22.3 Suprascapular nerve stretch test
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22.4.5  Diagnostic Workup

• Plain Radiographs
 – In addition to standard shoulder X-ray views, the 

Stryker notch view should be included [37].
• Ultrasound

 – Ultrasound is not needed to make the diagnosis of 
suprascapular nerve entrapment but may be useful in 
challenging cases to examine the nerve for evidence of 
pathology in the form of enlargement/thickening or 
surrounding cyst/mass.

• Magnetic Resonance Imaging
 – MRI is recommended after a period of conservative 

treatment to rule out coinciding pathology such as 
supraspinatus and infraspinatus atrophy, labral or rota-
tor cuff pathology, or anatomic lesions such as soft tis-
sue masses or ganglion cysts around the shoulder. If no 
anatomic lesion is present, this may continue with non-
operative treatment for 6–12 months [37, 38].

• Nerve Conduction Study/Electromyography
 – NCS/EMG is considered the gold standard in diagno-

sis of suspected suprascapular nerve entrapment and 
evaluated for denervation findings such as increased 
latency, fibrillations, and positive sharp waves. 
However, EMG is frequently normal [37].

22.4.6  Treatments

• Medical Management
• Initial management of suprascapular nerve injury is typi-

cally conservative with rest, protection, avoiding heavy 
lifting, and repetitive overhead activities [38].

• Medications
 – NSAIDs
 – Tricyclic antidepressants
 – Selective serotonin reuptake inhibitors
 – Anticonvulsants

• Rehabilitation
 – Shoulder range of motion
 – Strengthen compensatory muscles of the shoulder
 – Scapular stabilization

• Procedures
 – No therapeutic intervention is universally accepted as 

the most effective treatment for suprascapular nerve 
entrapment, but several options are available:
• Suprascapular notch injection (Fig. 22.4)
• Spinoglenoid notch injection

• Surgery
 – Surgeries listed below are reserved for refractory cases 

that do not respond to conservative measures outlined 
above [40–42]:
• Surgical release of the transverse scapular 

ligament
• Arthroscopic suprascapular nerve decompression

 – Surgical excision is indicated for cyst or tumor 
removal.

22.5  Quadrilateral Space Syndrome 
(S44.31, S44.32)

22.5.1  Synonyms

• Axillary nerve injury (S44.30XA)
• Axillary nerve palsy (G54.0)

a b

Fig. 22.4 Ultrasound-guided suprascapular nerve block. (a) Placement 
of probe and needle. (b) Ultrasound-guided in-plane approach injection 
of suprascapular notch. Tr trapezius, SS supraspinatus, CP coracoid 

process, arrows, needle, arrowheads, suprascapular nerve. (Courtesy of 
Malanga and Mautner [68])
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• Axillary nerve compression (G54.0)
• Neuropathy, axillary nerve (G56.90)
• Disorder of axillary nerve (G54.0)
• Compression of axillary nerve (G54.0)

22.5.2  Definition

Often a diagnosis of exclusion and entrapment of the axillary 
nerve can occur as it travels through the quadrilateral space 
formed by the teres minor superiorly, humerus laterally, long 
head of triceps medially, and teres major inferiorly [43, 44].

22.5.3  Clinical Presentation

• Diffuse shoulder pain, fasciculations, weakness, and par-
esthesias in a non-dermatomal distribution.

• Point tenderness over the quadrilateral space.
• Vascular manifestations can include pain, pallor, absent 

pulses, cyanosis, digital ischemia, and cold intolerance 
[45].

22.5.4  Physical Exam

• Positioning the shoulder in flexion, abduction, and exter-
nal rotation for several minutes reproduces symptoms 
[45].

22.5.5  Diagnostic Workup

• Ultrasound
 – Placing the probe slightly below the posterior glenohu-

meral joint and parallel to the long axis of the humeral 
shaft, visualization of the posterior circumflex humeral 
artery around the axillary nerve at the quadrilateral 

space can be achieved. This vessel may appear dilated, 
and the surrounding deltoid and teres minor muscle 
may demonstrate atrophic changes such as thinning 
and hyperechogenicity [46].

• Magnetic Resonance Imaging
 – Typically, MRI is the initial imaging choice but is 

often normal if it does not demonstrate focal fatty atro-
phy of teres minor and/or deltoid muscles [47] 
(Fig. 22.5).

 – May visualize associated mass displacing the neuro-
vascular bundle.

• Arteriography
 – May reveal decreased outflow due to compression of 

posterior humeral circumflex artery with the arm in 
abduction and external rotation [45].

• Nerve conduction study/electromyography
 – Evaluate for denervation findings, such as increased 

latency, fibrillations, and positive sharp waves, of the 
teres minor and deltoid muscles which are supplied by 
the axillary nerve.

22.5.6  Treatments

• Medical Management
 – First-line treatment for quadrilateral space syndrome 

is nonoperative and may include activity modification, 
physical therapy, medications, and ultrasound-guided 
perineural steroid injections [46].

 – Recovery for patients with incomplete injury usually 
begins within 3–4 months [48, 49].

 – Medications: NSAIDs
• Rehabilitation

 – Therapeutic massage
 – Transverse friction

• Active release soft tissue massage
• Active shoulder range of motion

 – Scapular stabilization

a b c

Fig. 22.5 Coronal (a), axial (b), and sagittal (c) T1-weighted magnetic resonance images of cyst in quadrilateral space
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 – Posterior rotator cuff stretching
• Procedures

• Ultrasound-guided axillary nerve block has been 
shown to decrease pain [46] (Fig. 22.6).

• Pulsed radiofrequency neuromodulation of the axil-
lary nerve [46].

• Surgery
Surgical decompression: Surgery is reserved for 

refractory cases that do not respond to ≥6 months of con-
servative measures as outlined above or patients with 
recurrent shoulder dislocations [48, 49].

In surgical decompression, axillary nerve is dissected and 
palpated along with the posterior humeral circumflex artery 
with the arm in external rotation and abduction to confirm 
the nerve is decompressed and freely gliding and the artery 
maintains a strong pulse. Investigation for fibrous bands 
around neurovasculature is performed to identify any regions 
of structural compression. Postoperatively, the patient is 
placed in arm sling for comfort and immediately referred to 
physical therapy to prevent adhesions [45]. A case series 
suggests that four female athletes experienced return to full 
activity without pain or limitation in overhead function by 
12 weeks postoperatively [50].

22.6  Winged Scapula (M95.8)

22.6.1  Synonyms

• Injury of unspecified nerve at the shoulder and upper arm 
level, unspecified arm, initial encounter (S44.90XA)

• Other specified acquired deformities of unspecified limb 
(M21.80)

• Other specified acquired deformities of musculoskeletal 
system (M95.8)

22.6.2  Definition

• The long thoracic nerve originates from the fifth, sixth, 
and seventh cervical nerve roots and carries motor fibers to 
the serratus anterior muscle. The main etiologies of long 
thoracic nerve injury are neuralgic amyotrophy; direct 
trauma to the shoulder or lateral chest wall seen in football 
players or invasive procedures such as first rib resections, 
mastectomies with axillary node dissections, scalenecto-
mies, chest tube insertions, or infraclavicular plexus anes-
thesia; compression such as by heavy backpacks; traction 
seen postoperatively due to positioning during anesthesia; 
or stretch from repetitive activities while the arm is over-
head and outstretched [31, 51–53]. Injury to the long tho-
racic nerve can lead to weakness of the serratus anterior, 
thereby producing a medially winged scapula (Fig. 22.7).

• The spinal accessory nerve is the tenth cranial nerve 
derived from the upper cervical nerve roots and carries 
motor fibers to the sternocleidomastoid and trapezius 
muscle. The main etiologies of isolated spinal accessory 
neuropathy include biopsy of the cervical lymph nodes in 
the posterior triangle, local surgery such as radical neck 
dissection, or blunt injuries due to sports or combat [54]. 
Injury to the spinal accessory nerve can lead to weakness 
of the trapezius, thereby producing a laterally winged 
scapula (Fig. 22.8).

a b

Fig. 22.6 Ultrasound-guided axillary nerve block approach. (a) 
Placement of probe and needle. (b) Ultrasound of quadrilateral space 
demonstrating in-plane injection approach. D deltoid, Tm teres minor, 

arrow, axillary nerve; dashed arrow, in-plane needle approach; arrow-
head, posterior circumflex humeral artery
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• Winging of the scapula can also be seen due to dorsal 
scapular neuropathies causing rhomboid weakness, cervi-
cal radiculopathies, or primary muscle diseases.

22.6.3  Clinical Presentation

Classically, winged scapula as a result of neuralgic amyotro-
phy is characterized by prior onset of severe pain followed 
by patchy weakness in the distribution of a trunk or cord of 
the brachial plexus. However some cases demonstrate iso-
lated long thoracic nerve involvement [31, 53].

Features of the winged scapula as a result of spinal 
accessory neuropathy include drooping or depression of 
the affected shoulder and weakness in abduction [54, 55]. 
Proximal lesions are associated with atrophy and weak-
ness of the sternocleidomastoid, while distal lesions 
are associated with atrophy and weakness of the trape-
zius. Pain may also present due to traction on brachial 
plexus [54].

22.6.4  Physical Exam

• Inspection – Scapular winging may be observed posteri-
orly and can be accentuated by muscle activation in varied 
degrees of the affected shoulder flexion and abduction 
and scapular retraction and protraction [4].

• Wall pushup  – The clinician observes the patient from 
behind as he/she presses his/her outstretched arms against 
a wall. This test is positive if the involved scapula projects 
medially or laterally from the thorax.

• Lateral scapular slide test – The patient relaxes arms at 
side (position 1) the examiner measures the distance 
between the nearest spinous process and the inferomedial 
border of the scapula. The patient then moves the hands 
onto the hips with fingers anterior and thumb posterior in 
approximately 10° of shoulder extension (position 2), and 
the examiner measures the same distance. The patient 
then abducts arms to about 90° with maximal internal 
rotation of the glenohumeral joint, and the examiner again 
measures the same distance. This is repeated for the unaf-
fected side. The test is positive if there is at least 1–1.5 cm 

Fig. 22.7 Winged scapula medially due to serratus anterior weakness

Fig. 22.8 Winged scapula laterally due to trapezius weakness
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difference between sides, depending on cited literature. 
The sensitivities and specificities of this test for pathology 
were low regardless of position measured [4].

• Isometric pinch test  – The patient retracts the scapula 
pinching together posteriorly. This test is positive for 
scapular muscle weakness if burning pain is experienced 
after isometric hold for 15–20 s [4].

22.6.5  Diagnostic Workup

• Plain Radiographs
 – X-rays of the neck, chest, shoulder, and thoracic inlet 

are rarely diagnostic but may help rule out structural 
abnormalities [56].

• Ultrasound
 – While the patient is seated upright, four views can be 

scanned to evaluate the scapula-stabilizing muscles for 
atrophy [57].
• View 1 visualizes the serratus anterior and latissi-

mus dorsi as the patient forward flexes their arm to 
90° with support. To obtain a coronal view of the 
latissimus dorsi wedged between the serratus ante-
rior and subcutaneous tissue, the transducer is 
placed on posterior-axillary line with the superior 
border positioned perpendicular to a horizontal line 
made with the inferior scapular angle [57].

• View 2 visualizes the upper trapezius, levator scap-
ulae, and supraspinatus. To obtain an oblique coro-
nal view, the transducer is placed on the shoulder 
with the center positioned over the superior angle of 
the scapula which separates the levator scapula 
medially, supraspinatus laterally, and upper trape-
zius superficially [57].

• View 3 visualizes the middle trapezius, rhomboids, 
and erector spinae. To obtain an axial view of the 
middle trapezius superficially, the rhomboids deep 
to it, and the erector spinae deeper still, the trans-
ducer is placed over the mid-back lateral to the mid-
line and inferior to the spine of the scapula [57].

• View 4 visualizes the infraspinatus and deltoid. To 
obtain this view, the sonographer may transition 
from View 3 by translating the probe laterally slid-
ing over the medial edge of the scapula resting just 
inferior to the spine of the scapula at which point 
the trapezius will move out of view as the infraspi-
natus moves into view and further translation 
 laterally will bring the deltoid into view superfi-
cially [57].

• Magnetic Resonance Imaging
• MRI is rarely needed but may help rule out other diag-

noses such as neurofibromatous-related injury, disk 
disease and radiculopathy, and mass lesions [56].

• Nerve Conduction Study/Electromyography
• Currently the only definitive diagnostic test to deter-

mine specific muscle involvement indicated by resting 
denervation potentials, decreased motor unit recruit-
ment, and polyphasic motor unit potentials during 
volitional activity in either the serratus anterior, trape-
zius, or rhomboid muscle [56].

22.6.6  Treatment

• Medical Management
 – While management and prognosis vary according to 

mechanism of injury, initial treatment with conser-
vative therapy including activity modifications to 
avoid precipitating factors and physical therapy is 
usually appropriate [56]. Neuralgic amyotrophy 
symptoms typically recover slowly over 1–3 years, 
while long thoracic nerve injuries caused by carry-
ing or repetitive activity may recover within 
6–24 months as they are usually incomplete injuries 
[56]. However, traumatic long thoracic nerve inju-
ries are typically severe, and recovery may be lim-
ited or nonexistent [56]:

 – Medications: Muscle relaxants and NSAIDs
 – Winger’s brace: Designed to manually press the scap-

ula against the posterior thoracic wall and prevent 
stretching of paralyzed muscle [58].

• Rehabilitation
 – Range of motion exercises performed supine may pre-

vent winging by compressing the scapula against the 
thorax [56].

 – Strengthening of adjacent muscle groups to compen-
sate for cross-sectional area and direction of pull of the 
affected muscle [56].

• Procedures
 – Perineural Corticosteroid Injection: Injections around 

the affected nerves (e.g., long thoracic, spinal acces-
sory, dorsal scapular) may decrease pain related to 
neuritis.

• Surgery
 – Surgery is reserved for refractory cases that do not 

respond to conservative measures outlined above as 
functional limitation resulting from isolated weakness 
of the serratus anterior can be reasonably mild and 
therefore not necessitate surgical management.

 – However, winged scapula due to spinal accessory 
nerve injury in comparison is not as responsive to con-
servative measures [56]:
• Muscle transfers and fascial grafts – e.g., transfer of 

the sternal head of the pectoralis major muscle [31, 
59, 60] or Eden-Lange muscle transfer procedure 
[56].
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• Nerve transfer – e.g., thoracodorsal nerve or medial 
pectoral nerve [61, 62].

22.7  Scapulothoracic Bursopathy (M75.50)

22.7.1  Synonyms

• Scapulothoracic syndrome (G56.80)
• Other shoulder lesions, unspecified shoulder (M75.80)
• Bursitis of unspecified shoulder (M75.50)

22.7.2  Definition

Scapulothoracic bursitis arises from friction created by scap-
ular range of motion between the scapula at the superior- 
medial angle and the anatomically adjacent ribs.

22.7.3  Clinical Presentation

Pain and popping aggravated by repetitive overhead move-
ments associated with localized tenderness and palpable or 
audible crepitus.

22.7.4  Physical Exam [63]

Visual inspection of the scapula may demonstrate fullness, 
winging, or dyskinesis.

Palpation and auscultation while fully ranging the affected 
shoulder may demonstrate periscapular crepitus.

22.7.5  Diagnostic Workup [63]

• Plain Radiographs
 – X-rays including anteroposterior view and tangential 

view (Y view) may identify osseous abnormalities 
resulting in mechanical disruption of scapulothoracic 
range of motion.

• Magnetic Resonance Imaging
 – An effusion, soft tissue lesion, or hemorrhage into the 

area may be seen on MRI.
• Computed Tomography

 – May be helpful if radiographic studies are negative and 
the clinician suspects bony abnormality.

• Nerve Conduction Study/Electromyography
 – NCS/EMG of the shoulder girdle musculature should 

be considered as focal muscle weakness may contrib-
ute to idiopathic cases of scapulothoracic bursitis or 
crepitus.

22.7.6  Treatments

• Medical Management
 – As most cases spontaneously resolve, initial conserva-

tive management with physical therapy, medications 
(NSAIDS), and sometimes injections are indicated [64].

• Rehabilitation [63]
 – Postural training
 – Scapular strengthening

• Procedures
 – Scapulothoracic bursa ultrasound-guided corticoste-

roid injection
• Surgery

 – Surgery resection of the bursa and a portion of the 
scapula may provide relief but is reserved for refrac-
tory cases that do not respond to conservative mea-
sures outlined above [65, 66].

22.8  Snapping Scapula (M24.819)

22.8.1  Synonyms

• Other specified disorders of bone, shoulder (M89.8X1)
• Other specified acquired deformities of unspecified limb 

(M21.80)
• Other specified acquired deformities of musculoskeletal 

system (M95.8)

22.8.2  Definition

Snapping scapula results from a disruption of normal 
mechanics of the scapulothoracic articulation due to bursitis, 
muscle abnormality, and bony or soft tissue abnormalities 
such as excessive forward curvature of the superomedial bor-
der of the scapula and is especially common in the young, 
active patients [67].

22.8.3  Clinical Presentation

Audible and palpable crepitus near the superomedial border 
of the scapula is provoked by overhead and throwing 
activities.

22.8.4  Physical Exam [63]

• Visual inspection of the scapula may demonstrate full-
ness, winging, or dyskinesis.

• Palpation and auscultation while fully ranging the affected 
shoulder may demonstrate periscapular crepitus.

22 Posterior Shoulder Disorders



212

22.8.5  Diagnostic Workup

• Plain Radiographs
 – X-rays including anteroposterior view and tangential 

view (Y view) may identify osseous abnormalities 
resulting in mechanical disruption of scapulothoracic 
range of motion.

• Magnetic Resonance Imaging
 – An effusion, soft tissue lesion, or hemorrhage into the 

area may be seen on MRI.
• Nerve Conduction Study/Electromyography

 – NCS/EMG of the shoulder girdle musculature should 
be considered as focal muscle weakness may contrib-
ute to idiopathic cases of scapulothoracic bursitis or 
crepitus.

22.8.6  Treatments

• Medical Management
 – Conservative management with physical therapy and 

anti-inflammatory medications (NSAIDS) is consid-
ered first-line treatment and is curative in most cases.

• Physical Therapy
 – Scapular muscle strengthening

• Procedures
 – Scapulothoracic bursa ultrasound-guided corticoste-

roid injection
• Surgery

 – Surgery with both open and arthroscopic techniques is 
reserved for refractory cases that do not respond to 
conservative measures outlined above, especially if a 
soft tissue or bony mass is involved.
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23.1  Synonyms

• Shoulder anterior instability
• Shoulder posterior instability
• Shoulder subluxation
• Humeral shaft fracture
• Collar bone fracture

23.2  ICD-10 Codes

• Subluxation and dislocation of shoulder joint (S43.0)
• Anterior subluxation and dislocation of humerus (S43.01)
• Posterior subluxation and dislocation of humerus (S43.02)
• Fracture of clavicle (S42.0)
• Fracture of scapula (S42.1)
• Fracture of upper end of humerus (S42.2)
• Fracture of shoulder girdle (S42.9)

23.3  Description

There are four shoulder articulations that make up shoulder 
motion: sternoclavicular joint, glenohumeral joint, acromiocla-
vicular joint, and scapulothoracic articulation. The glenohu-
meral joint is one of the most mobile joints in the body. With 
that said, the tradeoff for this freedom of movement is the lack 
of stability which makes this joint susceptible to injury. In this 
chapter, we will discuss shoulder dislocations and fractures.

Anatomy The bony anatomy of the shoulder includes the 
scapula which forms the posterior aspect of the shoulder 
girdle with 17 muscular attachments and the glenoid that 
forms half of the primary shoulder joint [1, 2].

The clavicle connects the axial skeleton to the upper 
extremity skeleton, while the humeral proximal head articu-
lates with the glenoid cavity. The proximal humerus can be 
divided into four parts: the lesser and greater tuberosities, the 
head, and the diaphyseal region.

Glenohumeral joint (GH) is a “ball-and-socket” joint with 
approximately 25% of the humeral head surface area inter-
acting with the glenoid cavity [3, 4].

Labrum is a fibrocartilaginous structure that contributes 
to 50% of glenoid socket depth and is the attachment site of 
glenohumeral ligaments and bony glenoid [5]. In addition, 
the superior aspect of the labrum provides the origin site of 
the long head of the biceps attaching [6].

23.3.1  Shoulder Stabilizers

The shoulder stabilizers can be broken down to static and 
dynamic types:

Static Shoulder Stabilizers
 1. The labrum provides a deep glenoid concavity that adds 

to stabilizing the humeral head [5].
 2. Maintenance of negative intra-articular pressure that aids 

in translational stability [7].
 3. Ligaments provide the most stability during end-range 

motion [8]:
 (a) Superior glenohumeral ligament (SGHL) prevents 

inferior translation of the humeral head and stabilizes 
the biceps tendons within the groove.

 (b) Inferior glenohumeral ligament (IGHL) is the thick-
est of all glenohumeral ligaments:
• The anterior band prevents anterior translation of 

the humeral head when the arm is placed into 
abduction.
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• The posterior band prevents posterior translation 
of the humeral head when the arm is placed into 
abduction and external rotation.

 (c) The coracohumeral ligament prevents posterior 
translation when the shoulder is flexed and internally 
rotated as well as prevents inferior translation when 
the arm is adducted and externally rotated.

 (d) Coracoacromial ligament is responsible for restraint 
of superior humeral head displacement.

Dynamic Shoulder Stabilizers
 1. Rotator cuff muscles provide dynamic stability that 

actively compresses the humeral head to the glenoid cav-
ity [9]:

 (a) Subscapularis opposes inferior and anterior 
translation.

 (b) Infraspinatus opposes posterior and superior 
translation.

 (c) Teres minor opposes posterior and superior 
translation.

 (d) Supraspinatus has the least activity for dynamic 
stabilization.

 2. Long head of the biceps tendon provides humeral head 
active depression and stability for anterior-posterior 
translation [5, 7, 10].

23.4  Shoulder Dislocations

Shoulder dislocations make up about 50% of all major joint 
dislocations. About 40% of acute shoulder dislocations 
include associated structural injury such as rotator cuff tears, 
neurological deficit (i.e., axillary nerve palsy), and greater 
tuberosity fracture [20]. Furthermore, shoulder dislocations 
may be associated with Bankart and Hill-Sachs lesions. A 
Bankart lesion is reported to be seen in 85% of anterior 
shoulder dislocations and defined as a subsequent disruption 
of the anterior labrum from the glenoid rim [21]. The Hill- 
Sachs lesion is a compression fracture of the posterolateral 
humeral head that is estimated to occur in 40–90% of dislo-
cations [22]. Reverse Bankart and Hill-Sachs lesions are 
seen in posterior dislocations.

23.4.1  Anterior Shoulder Dislocation

This is the most common type of shoulder dislocation [11–
13]. It is common in male, with bimodal distribution of 
10–20 years of age being the most common and 50–60-year 
age group being the second most common [14, 15]. The 
mechanism of injury is classically from a forced abduction 
and external rotation of the upper extremity. Anterior shoul-
der dislocation may also be caused by posterior force to the 
shoulder or a fall on an outstretched arm.

23.4.2  Posterior Shoulder Dislocation

In a cast for approximately 3% of all shoulder dislocations, 
mechanism of injury usually involves an anterior force to 
the shoulder with axial loading of the flex-abducted inter-
nally rotated upper extremity [17, 18]. Seizures and electro-
cution may also cause posterior shoulder dislocation due to 
the imbalanced and substantial contractions of shoulder 
muscles [19].

23.4.3  Inferior Shoulder Dislocations

Also known as luxatio erecta humeri, inferior shoulder dislo-
cation is a rare presentation (<1%) that is typically caused by 
shoulder hyperabduction or with axial loading on the 
abducted arm which presents as a fixed abducted position of 
the upper extremity following dislocation [16]. Connective 
tissue disease such as Ehlers-Danlos syndrome or bony 
abnormalities such as glenoid hypoplasia may contribute to 
non-traumatic dislocations.

Factors associated with a high risk of recurrent instability 
include [23]:

• Age <30 years old
• Male gender
• Hypermobility
• Glenoid cavity bone loss >20–25%
• Hill-Sachs lesion extending medially over the medial 

margin of the glenoid track or >5/8 of the humeral head
• Hill-Sachs defect >5/8 of the humeral head radius
• High level of activity/contact sport participation
• Bankart lesion plus another associated lesions
• Positive anterior apprehension test
• Anterior labral periosteal sleeve avulsion (ALPSA)

23.5  Shoulder Fractures

Fractures of the shoulders commonly involve the clavi-
cle, proximal humerus, and scapula. Differential diagno-
sis of shoulder fracture and dislocation is outlined in 
Table 23.2.

23.5.1  Clavicle Fractures

The incidence of clavicle fractures is described as a bimodal 
distribution with the first peak under the age to 40 and the 
second peak above the age to 70 years [24]. Clavicle frac-
tures in the youth usually are from a high-impact mecha-
nism such as through contact sports or motor vehicle 
collision, while in the older population, they are sustained 
after a fall on an outstretched hand. It has been estimated 
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that about 45% of sports-related clavicle fractures are non-
displaced [25].

The modified Neer classification is used to label clavicle 
fractures in relation to the coracoclavicular ligaments 
(Table 23.1) [26].

23.5.2  Proximal Humeral Fractures

Proximal humeral fractures account for 5% of all fractures 
with high incidence in the elderly population especially in the 
setting of osteoporosis [27]. The most common mechanism 
of action is from a fall at an oblique angle onto an outstretched 
hand while in the younger population tends to be from a high-
speed force to the lateral humerus of the shoulder [28].

Neer classification of proximal humeral fractures takes 
into account the involvement of the number and location of 
displaced fractures. A fracture is considered displaced if the 
angle of displacement was >45° or if there is a separation of 
>1 centimeter (cm).

Scapular fractures are typically uncommon which usually 
present after a high-velocity trauma involving the chest cav-
ity and make up about 3–5% of upper extremity fractures 
[29]. The international scapula fracture classification system 

divides the scapular in four parts: glenoid fossa, coracoid, 
acromion, and body (Table 23.2) [30].

23.6  Clinical Presentation

23.6.1  Dislocations

Common patient presentations:

• Anterior dislocation: The arm is held flexed, internally 
rotated, and abducted.

• Posterior dislocation: The arm is in a fixed, internally 
rotated, and adducted position.

• Inferior dislocation: The arm is in a fixed, abducted posi-
tion, and typically above their head.

23.6.2  Fractures

Individuals who sustained clavicle fractures usually hold the 
affected arm closely adducted to the body supporting it with 
the opposite hand as this limits the weight of the arm that is 
pulling on the fracture.

Proximal humeral head fractures often present with point 
tenderness at the upper arm with associated swelling and 
ecchymosis. The clinician should be wary on vascular com-
promise as fractures of the humeral head can place vascular 
structures including the axillary artery and anterior/posterior 
circumflex arteries are at risk of injury [31].

Scapular fractures are typically after a high-impact trauma 
directly to the scapula. At times, the patient is obtunded and 
unable to provide accurate history; therefore, there should be 
high suspicion when performing a secondary survey.

23.7  Physical Examination

The clinician should perform a thorough yet concise physical 
examination based on the medical history obtained.

Visual observation Bilateral shoulders should be exposed 
to compare symmetry. Evaluate for any muscular atrophy 
such as in the deltoid, supraspinatus, and infraspinatus. 
Atrophy of the deltoid may indicate axillary nerve involve-
ment. Evaluate for swelling, erythema, open fractures, or 
tenting of the skin. A flattened shoulder silhouette with 
prominent acromion can be secondary to a shoulder disloca-
tion. The clinician may also assess for scapular winging dur-
ing static and provocative scapular motion.

Neurovascular exam Assess distal neurovascular in the set-
ting of acute shoulder injuries (i.e., check for distal radial 

Table 23.2 Differential diagnosis of shoulder dislocations and 
fractures

Shoulder impingement syndrome Glenoid labrum tear
AC joint sprain Biceps tendon tear
Pseudo dislocation of the shoulder Triceps tendon tear
Shoulder rotator cuff tear Pectoralis major tear

Table 23.1 Modified Neer classification

Type I Fracture that is lateral to intact coracoclavicular (CC) 
ligaments
Spares the acromioclavicular (AC) joint
Stable

Type 
IIA

Fracture occurring medial to the CC ligaments
Intact CC ligaments
Unstable

Type 
IIB

Fracture occurring between the CC ligaments
Conoid ligament is torn
Trapezoid ligament is intact
Unstable

Type III Intra-articular fracture occurring lateral to the CC 
ligaments
Involves the AC joint
Stable

Type IV Periosteal slippage of the proximal fragment at the 
epiphysis
Seen in the pediatric population
Intact CC ligaments
Stable

Type V Comminuted fracture pattern
Inferior fragment attached to the intact CC ligaments
Unstable
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pulse). Assess for sensation around the lateral shoulder as 
there is risk of axillary nerve injury. Most of the shoulder 
girdle is innervated by the fifth and sixth cervical roots of the 
upper trunk of the brachial plexus.

Palpation The clinician should palpate all bony landmarks 
and superficial joints around the shoulder starting with the 
sternoclavicular joint, acromioclavicular joint, and glenohu-
meral joint. Evaluate for crepitus in the setting of trauma as 
this may be a sign of an underlying fracture. Along with the 
shoulder, assess the distal portion of the affected extremity.

Range of motion Active and passive range of motion of the 
bilateral shoulders should be assessed and compared.

Motor testing Strength testing should be performed on all 
rotator cuff muscles and compared them to the contralateral 
side:

• Supraspinatus (C5–C6): Assessed by having the arms 
abducted to 90° and internally rotated with thumbs point-
ing down. The clinician provides an inferior force with 
the patient providing resistance (Fig. 23.1).

• Infraspinatus (C5–C6)/teres minor (C6–C7): Assessed by 
resisting external rotation in 0 (infraspinatus) (Fig. 23.2) 
and 90° (teres minor) of shoulder abduction.

• Subscapularis (C5–C6): Assessed by belt press test where 
the patient is asked to have their hand on their abdomen 
with wrist neutral and resist the clinician’s external 
rotation.

23.7.1  Special Tests

Apprehension Test Sensitivity 81%; specificity 90% [32]

Tests for anterior shoulder instability. The patient is stand-
ing or supine with the arm at 90° of abduction and elbow 
flexion. The clinical passively moves the shoulder to external 
rotation, and forward pressure is applied to the posterior 
shoulder. The test is positive if the patient becomes appre-
hensive about their shoulder dislocating (Fig. 23.3).

Jobe relocation (Fowler) test Sensitivity 68%; specificity 
100% [33]

Tests for anterior shoulder instability. At the end of the 
apprehension test, the patient is asked where they feel dis-
comfort, and the clinician provides a posteriorly directed 
force to the humeral head. If the sense of apprehension dis-
sipates, then the test is positive (Fig. 23.4).

Fig. 23.1 Supraspinatus strength test: The patient has their arms 
abducted to 90° and internally rotated with thumbs pointing down. The 
clinician provides an inferior force with the patient providing 
resistance

Fig. 23.2 Infraspinatus strength test: Assessed by resisting external 
rotation in 0° of shoulder abduction

Fig. 23.3 Belt press test: The patient has their hand on their abdomen 
with the wrist neutral and resist the clinician’s external rotation
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Anterior drawer test Sensitivity 53%; specificity 85% [32]
Tests for anterior shoulder instability. The patient is 

supine with the clinician stabilizing the scapula by firmly 
placing the scapular spine forward with the index and middle 
finger and thumb on the coracoid process. The clinician’s 
other hand grasps the relaxed upper arm and gently translates 
it anteriorly. A positive test is a reproduction of instability 
symptoms (Fig. 23.5).

Posterior drawer test No sensitivity or specificity data 
available.

Tests for posterior shoulder instability. The patient is 
supine, and the clinician holds the arm in forward flexion 
and abduction at 45°. With the other hand, the clinician 
holds the scapular with the index and middle fingers on 
the scapular spine and thumb immediately lateral to the 
coracoid process. The clinician translates humeral head 
posterior with the thumb while lifting the arm forward. A 
positive test is a reproduction of instability symptoms 
(Fig. 23.6).

Load and shift test Sensitivity 71.1%/Specificity 89.9%
Test for General Shoulder Instability. The patient is stand-

ing or supine with the clinician standing behind them and sta-
bilizing the scapula over the acromion with one hand and the 
patient’s upper arm with the other hand. The clinician applies 
a slight axial load, and the humeral head is then translated 
anteriorly and posteriorly (Fig. 23.7). Laxity can be graded 
with the modified Hawkins system [34], Grade I (no sublux-
ation), and Grade II (subluxation over the glenoid rim).

Sulcus sign No sensitivity or specificity data available.

Tests for Inferior Shoulder Instability. The patient is 
standing or sitting upright with the shoulder in a relaxed 
neutral position. The clinician provides an inferior force 
onto the upper arm. A positive test is a reproduction of pain 
with humeral head subluxation (Fig. 23.8).

Fig. 23.4 Apprehension test: The patient has their arm at 90° of abduc-
tion and elbow flexion with the clinician passively moving the shoulder 
to external rotation and applying forward pressure to the posterior 
shoulder. The test is positive if the patient becomes apprehensive about 
their shoulder dislocating Fig. 23.5 Jobe relocation (Fowler) test: At the end of the apprehension 

test, the clinician provides a posteriorly directed force to the humeral 
head. If the sense of apprehension dissipates, then the test is positive

Fig. 23.6 Posterior drawer test. Firmly placing the scapular spine for-
ward with the index and middle finger and the thumb on the coracoid 
process. The clinician’s other hand grasps the relaxed upper arm and 
gently translates it anteriorly. A positive test is a reproduction of insta-
bility symptoms
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Specialized test for specific shoulder instability These tests 
are outlined in Table 23.3.

23.8  Diagnostic Workup

X-Ray A clinician should start with a plain radiograph 
including anterior posterior (AP), scapular Y, and axillary 
view to evaluate for bony abnormalities and alignment 
(Figs. 23.9 and 23.10). A serendipity view can be requested 
for suspicion of a clavicular fracture since this assesses bilat-
eral clavicles, AC, and sternoclavicular joints. In the dislo-
cated patient, radiographs should be taken before and after 
the reduction as there may be subsequent humeral head or 
glenoid involvement (Fig. 23.11).

Computer Tomography (CT) CT scan may be indicated to 
evaluate complex fractures and chronic fracture dislocations 
of the humeral head that are not caught by plain radiographs. 
Fractures of the proximal humerus and glenoid tubercle can 
be appreciated if suspicious for Hill-Sachs or bony Bankart 
lesions, respectively.

Magnetic Resonance Imaging (MRI) MRI of the shoulder 
is indicated when evaluating and/or concern for injuries to 
the rotator cuff, glenoid labrum, capsular and glenohumeral 
 ligaments detachments, and neurovascular structures 
(Fig. 23.12).

Ultrasound Imaging A clinician trained in musculoskel-
etal ultrasound may use ultrasound as a point-of-care 
diagnostic method for acute shoulder injuries. This pro-
vides a non- invasive, dynamic, and radiation-free imaging 
modality. A systematic review investigating diagnostic 
accuracy for shoulder dislocation using ultrasound found 
specificity/sensitivity up to 100% when compared to 
X-ray imaging [35].

Fig. 23.7 Load and shift test: The clinician stabilizes the scapula over 
the acromion with one hand and the patient’s upper arm with the other 
hand. A slight axial load is applied, and the humeral head is then trans-
lated anteriorly and posteriorly

Fig. 23.8 Sulcus sign: With the shoulder in a relaxed neutral position, 
the clinician provides an inferior force onto the upper arm. A positive 
test is a reproduction of pain with humeral head subluxation

Table 23.3 Specialized test for specific shoulder instability

Type of 
instability Test Sensitivity/specificity
General 
instability

Load and shift test Sensitivity 71.1%; 
specificity 89.9%

Anterior 
instability

Apprehension test
Jobe relocation 
(Fowler) test
Anterior drawer test

Sensitivity 81%; 
specificity 90%
Sensitivity 68%; 
specificity 100%
Sensitivity 53%; 
specificity 85%

Posterior 
instability

Posterior drawer test No data available

Inferior 
instability

Sulcus sign No data available
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23.9  Treatment

Different shoulder dislocations and shoulder fractures have 
different treatment algorithms. In this section we will go 
through them individually.

23.9.1  Shoulder Dislocation Treatment

23.9.1.1  Glenohumeral Reduction
Different methods of relocating the shoulder which has been 
dislocated. The technique depends on the direction in which 

the shoulder was dislocated. Table 23.4 outlines the different 
types of shoulder reduction techniques.

23.9.1.2  Anterior Glenohumeral Dislocations
There are multiple reduction techniques for the management 
of anterior shoulder dislocations. Here we will discuss four 
techniques [16]:

Fig. 23.9 AP and Y view of 
a comminuted intra-articular 
humeral head fracture with 
inferior subluxation of the 
humeral head

Fig. 23.10 AP view in internal rotation of a comminuted clavicular 
fracture

Fig. 23.11 AP view of the shoulder showing a small Hill-Sachs defor-
mity post-reduction
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• Kocher’s Method (Fig. 23.13)
For Anterior Shoulder Dislocations
This technique is noted to be painless and excludes trac-
tion using leverage alone.

The clinician bends the affected arm at 90° adducted 
against the body.
The arm is slowly externally rotated between 70° and 85° 
until resistance is felt.
The arm is then forward flexed and reduction of the 
humeral head occurs.
Success rates ranging from 81% to 100% have been 
reported.

• Milch Technique (Fig. 23.14)
For Anterior Shoulder Dislocations
Stand on the same side as the affected arm while the 
patient is seated or lies in a supine position.
The clinician places fingers over the affected shoulder 
using the thumb to stabilize the humeral head.
The arm is then gently abducted and externally rotated 
into an overhead position.
Success rates ranging from 70% to 100% have been 
reported.

• Scapular Manipulation (Fig. 23.15)
For Anterior Shoulder Dislocations
Lie the patient on a prone position on an exam table.

Fig. 23.12 Non-contrast T2 coronal MRI of the shoulder showing a 
mildly displaced subacute fracture of the anterior inferior glenoid 
(Bony Bankart)

Table 23.4 This table outlines the different techniques available for 
glenohumeral reduction relevant to the direction in which the shoulder 
has been dislocated

Type of glenohumeral dislocation Reduction techniques
Anterior dislocation Kocher’s method

Milch technique
Scapular manipulation
Chair technique

Posterior dislocation Stimson technique
Traction technique

Inferior dislocation Two-step maneuver

Fig. 23.13 Kocher’s method: The clinician bends the affected arm at 90° adducted against the body, and the arm is slowly externally rotated 
between 70° and 85° until resistance is felt. The arm is then forward flexed, and reduction of the humeral head occurs

Fig. 23.14 Milch technique. The clinician places their fingers over the 
affected shoulder using the thumb to stabilize the humeral head. The 
arm is then gently abducted and externally rotated into an overhead 
position

O. Olufade et al.



223

Allow the affected arm to hang vertically over the edge of 
the table with gentle traction being provided.
When patient begins to relax, reduction is then attempted 
by pushing on the tip of the scapula medially, with rota-
tion of the superior aspect of the scapular laterally.
Success rates ranging from 79% to 96% have been 
reported.

• Chair Technique (Fig. 23.16)
For Anterior Shoulder Dislocations
The patient is seated sideways in a chair with the arm 
hanging over the backrest.

The clinician holds the patient’s arm, while the patient 
stands providing self-traction.
Success rate of 73% has been reported.

23.9.1.3  Posterior Glenohumeral Dislocations
Closed reduction of a posterior shoulder dislocation is rec-
ommended for those who have <20% of a reverse Hill-Sachs 
lesion [36].

• Stimson Technique
For Posterior Shoulder Dislocations
The patient is placed in a prone position on a table with 
the arm abducted and holding 5–10 LBS of weight in the 
hand.

• Traction Technique
For Posterior Shoulder Dislocations
The clinician forward flexes the shoulder to 90° then 
adducts and internally rotates the arm.
An assistant provides longitudinal traction while the cli-
nician provides anteriorly directed pressure on the 
humeral head.

23.9.1.4  Inferior Glenohumeral Dislocations
Since the humeral head separates inferiorly from the glenoid 
and lodges in the infra-glenoid region, the arm is in a fixed 
and abducted position. Two-step maneuver allows for con-
version of an inferior shoulder dislocation to anterior dislo-
cation. The clinical may then perform an anterior dislocation 
maneuver to complete reduction.

• Two-step maneuver [37]
For Inferior Shoulder Dislocations
The patient is lying supine, and the clinician is standing at 
the patient’s head while placing one hand on the shaft of 
the humerus providing an anterior force with the other 
hand on the medial condyle. This will move the humeral 
head anteriorly converting the inferior dislocation to an 
anterior dislocation.

23.9.2  Rehabilitation

Post-glenohumeral reduction period may include a period 
of immobilization; however, there are conflicting evidence 
regarding the length of immobilization to patient outcomes 
as it is unclear if 3 weeks of immobilization is superior to 
1 week [20, 38–42]. Generally, the patient may implement 
a passive range of motion (ROM) exercise program after-
ward as well as isometric shoulder exercises to maintain 
musculature. External rotation and internal rotation past 
neutral should be limited for anterior and posterior dislo-
cations, respectively, for 4–6 weeks. Return to sports can 
be recommended after the patient has full strength and 
painless ROM.

Fig. 23.15 Scapular manipulation: The patient lies on a prone position 
with the affected arm hanging vertically over the edge of the table. The 
clinician provides gentle traction, and reduction is attempted by push-
ing on the tip of the scapula medially, with rotation of the superior 
aspect of the scapula laterally

Fig. 23.16 Chair technique: The patient is seated sideways in a chair 
with the arm hanging over the backrest. The clinician then holds the 
patient’s arm, while the patient stands providing self-traction
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23.9.3  Procedures

The clinician may inject 10–20 mL of lidocaine or bupiva-
caine into the glenohumeral joint for pain relief. Intra- 
articular lidocaine has been found as effective as using 
intravenous analgesia with or without sedation for pain relief 
prior to manual reduction [43]. For hospital-assisted gleno-
humeral dislocations, procedural sedation may be offered so 
the reduction could be tolerated by the patient.

23.9.4  Surgery

Patients with a high risk of recurrent glenohumeral disloca-
tions may elect for surgical repair (arthroscopic versus open 
stabilization) which may also include anatomic repair of the 
Bankart lesion [23]. For more details please See Chap. 24: 
Shoulder surgeries.

23.10  Clavicle Fracture Treatments

23.10.1  Medical Management

A clinician must take in consideration hand dominance 
involvement which may be surrogate for functional out-
comes as well as activity level for the treatment of clavicular 
fractures. Conservative management is preferred for almost 
all acute and nondisplaced (<5 mm) clavicle fracture (Neer I 
and III). Though a previous study by Rokito et  al. [44] 
showed similar results with conservative and surgical man-
agement of Type II Neer fractures, other studies demon-
strated rates ranging 28–44% of non-union outcomes after 
conservative management [45–48].

23.10.2  Rehabilitation

The patient should have a brief period of immobilization fol-
lowed by range of motion exercises. Treatment with an arm 
sling is favored over a figure-of-eight dressing as it is better 
tolerated [49, 50]. The clinician may clear an athlete for ini-
tiation of non-contact sports after radiographic studies show 
healthy healing at 6 weeks after injury. In addition, it was 
found that most patients may return to contact sports after 
16 weeks [51].

23.10.3  Surgery

Surgical consultation may be warranted if there is >5 mm 
displacement without any bony contact and if there is skin 
compromised by bony fragments [52, 53]. For a displaced 

distal clavicle fracture with intact CC ligaments (Type IIA, 
V), a pre-contoured locking plate or hook plate may be 
considered. For CC ligament disruption, other surgical 
options include intramedullary fixation or tension band 
wiring [53].

23.11  Proximal Humeral Fracture 
Treatments

23.11.1  Medical Management

It is estimated that around 80% of proximal humerus frac-
tures are minimally displaced or nondisplaced. Conservative 
management is the preferred treatment [54]. A Cochrane 
review of 31 studies showed that compared with conserva-
tive management, surgery does not provide better outcomes 
at 1–2 years after sustaining a displaced proximal humeral 
fracture and may progress for a need of further surgery in the 
future [55].

23.11.2  Rehabilitation

Studies have shown that early ROM and physical therapy 
after 1 week may result in better functional and pain out-
comes [56]. Early rehabilitation includes restoring early 
shoulder movement and prevention of pathological com-
pensatory strategies for shoulder girdle movement. 
Intermediate and late stages include starting propriocep-
tive exercises to improve shoulder control and close-chain 
exercises to progressive resistance training. The clinician 
may recommend contact activities between 3 months and 
5  months, depending on if radiographic studies show 
healthy healing [25].

23.11.3  Surgery

Young and active patients with two-, three-, and four-part 
fractures may be referred to an orthopedic surgeon. If sur-
gery is considered, options included open reduction and 
internal fixation (ORIF), closed reduction and percutaneous 
pinning (CRPP), hemiarthroplasty (HA), and reverse total 
shoulder arthroplasty (RSA) [27].

23.12  Scapular Fracture Treatment

23.12.1  Medical Management

Most scapular fractures are managed conservatively.
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23.12.2  Rehabilitation

There is a consensus of immobilization in a sling for 
1–2 weeks with limiting weight-bearing restrictions follow-
ing passive ROM with pendulum swings. Afterward, the 
patient may initiated active-assisted ROM at 4 weeks with 
progressive strengthening exercises at 8 weeks [57].

23.12.3  Surgery

Surgical intervention for internal fixation is generally con-
sidered during two occasions [25]:

• A fracture of scapular neck associated with a clavicle 
fracture creating an unstable floating shoulder

• A displaced fracture of the glenoid which can promote 
chronic shoulder dislocations
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24.1  Soft Tissue and Muscle Injuries

24.1.1  Rotator Cuff Injury

Injuries to the rotator cuff occur on a continuum ranging 
from impingement to full-thickness tendon tears. The supra-
spinatus is the most frequently damaged tendon; however, 
tears can occur in any of the four rotator cuff muscles [1]. 
Factors that impact the management of rotator cuff tears are 
vast and include patient age and activity level, etiology of the 
tear (degenerative vs. traumatic), size and location of the 
tear, and functional deficits. For patients that fail non- 
operative management, several surgical options may be con-
sidered. In patients with partial tears, arthroscopic 
subacromial decompression or acromioplasty is indicated 
[2]. In full-thickness tears, arthroscopic or open rotator cuff 
repair is typically performed [3]. In select cases of massive 
or irreparable rotator cuff tears, pectoralis major or latissi-
mus dorsi tendon transfer is the surgery of choice. 
Additionally, the use of allograft, xenograft, or synthetic 
patches to repair massive rotator cuff tears is a novel area of 
research [4].

Following rotator cuff repair, patients are immobilized 
in a sling for 4 weeks, removing it only for physical ther-
apy. In the early postoperative period, it is imperative to 
protect the repair. At 3 weeks postoperatively, gentle pas-
sive range of motion (ROM) and pendulum exercises can 
be initiated. Limited active ROM can begin at 4 weeks with 
a gradual progression to full active ROM at approximately 
10 weeks. By 4 months postoperatively, advanced strength-
ening exercises can be initiated with gradual return to full 
functional activities over the subsequent months. The rate-
limiting step in rotator cuff repair is a biologic healing of 
the tendon to the humeral head, which may take approxi-
mately 8–12 weeks [5].

24.1.2  Shoulder Labrum Injury

Shoulder labral injuries when associated with dislocations in 
younger individuals (<30 years of age) have varying injury 
patterns. The most prevalent are SLAP (superior labrum 
from anterior to posterior) and Bankart (anteroinferior labral 
tears with glenoid avulsion) lesions [6]. Labral tears that fail 
to respond to conservative management can be addressed 
surgically. Arthroscopic management of labral pathologies 
has been gaining popularity among orthopedic surgeons in 
recent years. Depending on the location and pattern of the 
tear, surgery can entail debridement of frayed tissue, repair 
of the labrum, capsulorrhaphy (tightening of the articular 
capsule), and additional tenotomy or tenodesis of the biceps 
tendon if needed [7, 8].

In the early rehabilitation stages, patients may remain in a 
sling throughout the day, coming out only for physical ther-
apy. Isometric exercises and passive ROM are begun with 
limitations in order to protect the repair. Between 4 and 
6  weeks postoperatively, patients may progress to active 
ROM with gradual advancement to strengthening and func-
tional training by 12 weeks. Return to sport typically occurs 
at approximately 6 months but may be longer in throwing or 
overhead athletes [9].

24.1.3  Pectoralis Major Tendon Injury

Acute rupture of the pectoralis major muscle is typically 
observed in young athletes and is commonly associated with 
weightlifting. Primary repair is the treatment of choice for 
complete tears, and in rare cases of chronic tears that cannot 
be mobilized for primary repair, reconstruction with Achilles 
allograft can be considered [10, 11]. For patients who choose 
not to undergo surgical repair of a pectoralis rupture, a sig-
nificant strength deficit is to be expected, specifically in 
shoulder adduction. Additionally, such patients may experi-
ence delayed recovery, unsatisfactory cosmetic outcomes, 
and for athletes, lower rates of return to competitive sports.
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Postoperatively, the arm is fully immobilized in a sling for 
2 weeks to protect the repair. After 2 weeks, gentle passive 
ROM can be initiated with limitations on external rotation 
and abduction. Patients may discontinue the use of the sling 
at 4–6 weeks and begin progressing to active ROM. After 
6  weeks, muscle strength and endurance are subsequently 
increased over the course of 3–4 months. By approximately 
6 months, patients can gradually return to full activities as 
tolerated [12]. If non-surgical treatment is pursued, a short 
period of immobilization (2 weeks) followed by passive and 
active ROM exercises is recommended [10].

24.1.4  Proximal Biceps Tendon Injury

Proximal biceps tendon rupture is highly correlated with 
rotator cuff pathology, which must be considered when man-
aging patients with this condition. Proximal biceps rupture is 
more common in elderly patients, and non-surgical manage-
ment is often sufficient for this condition. However, in more 
active patients who opt for surgical intervention, biceps teno-
desis can be performed with either interference screws or 
bio-absorbable suture anchors [13].

Postoperatively, the arm is immobilized in a sling with 
gentle passive ROM beginning at 1–2  weeks. Full passive 
ROM should be achieved by 4  weeks, with active ROM 
beginning at this point. At 6–8 weeks, progressive strength-
ening exercises can be implemented, and by approximately 
week 10, patients may return to full unrestricted activities as 
tolerated. More information on this topic can be found in the 
Elbow Chap. 25.

24.2  Shoulder Osteoarthritis

24.2.1  Glenohumeral Osteoarthritis (OA)

Glenohumeral arthritis is a common cause of shoulder pain, 
especially in the aging population. A multitude of etiologies 
contribute to glenohumeral arthritis including degenerative, 
post-traumatic, rotator cuff arthropathy, and inflammatory, 
among others. While there is no universal treatment algo-
rithm, physical therapy and non-steroidal anti-inflammatory 
drugs (NSAIDS) are considered the first-line treatment, 
while intra-articular steroid injections are second line [14]. 
Patients that fail conservative management can be indicated 
for several surgeries ranging from arthroscopic debridement 
to arthroplasty [15]. Following arthroscopic debridement, 
patients may remain in a sling in the early postoperative 
period, typically weaning at 1–2 weeks. Gentle passive and 
active ROM can begin 1 week postoperatively, in addition to 
isometric rotator cuff exercises. Range of motion and pro-

gressive resistance exercises can be advanced from weeks 
2–6, and full return to activity as tolerated can be expected at 
6 weeks.

Arthroplasty can take the form of hemiarthroplasty, total 
shoulder arthroplasty (TSA), or reverse total shoulder arthro-
plasty (rTSA). While TSA maintains the anatomic alignment 
of having a convex humeral head and concave glenoid, a 
rTSA utilizes a convex glenoid and concave humeral head. 
Stability of the shoulder after TSA depends on the function 
of the rotator cuff muscles. rTSA is indicated in patients with 
rotator cuff damage, as it shifts the center of rotation inferi-
orly and medially, allowing the deltoid to raise the arm more 
effectively and stabilize the shoulder.

Following shoulder arthroplasty, patients should remain 
in a sling for 3 weeks to protect the repair. Gentle passive 
ROM can be initiated in the early postoperative period, and 
active ROM can be incorporated into rehabilitation at 
4–6 weeks postoperatively. Following TSA, external rota-
tion (ER) of the shoulder must be limited due to a risk of 
injury to the subscapularis tendon and further shoulder 
instability. In case of rTSA, stability and mobility of the 
shoulder joint depend upon the deltoid musculature. After 
rTSA, patients are at risk of dislocation with the arm in 
internal rotation and adduction in conjunction with exten-
sion. Thus, tucking in one’s shirt or performing bathroom 
hygiene with the operative arm is particularly dangerous. 
These precautions should remain in effect for at least 
12 weeks postoperatively.

24.2.2  Acromioclavicular Osteoarthritis (OA)

Another problem highly prevalent in the aging population is 
acromioclavicular (AC) joint arthritis. Treatment for AC 
arthritis also generally follows a stepwise approach with 
physical therapy, activity modification, use of NSAIDs, and 
occasionally joint injections. AC arthritis that is refractory to 
these conservative measures may be treated surgically with 
either arthroscopic or open distal clavicle resection [16].

Postoperatively, the patient should remain in the sling for 
a period of 4–6 weeks and avoid excessive arm abduction 
and rotation.

24.3  Shoulder Dislocation and Fractures

Fractures of the shoulder are managed based upon several 
anatomic and patient-specific variables. Anatomic factors 
include location, fracture pattern, and degree/direction of 
displacement, while patient factors include age, activity 
level, and mechanism of injury. Management of these inju-
ries is frequently categorized based upon location.
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24.3.1  Clavicle Fracture

Clavicle fractures are common in the young adult (mostly 
male <30  years of age) and generally are localized in the 
midshaft followed by lateral and medial end of the clavicle. 
Most clavicle fractures, regardless of location, can be treated 
with sling immobilization for a period of roughly 2 weeks 
followed by early ROM with weightbearing at around 
6 weeks [17]. Surgical management should be considered in 
the case of open fractures, severely displaced (>100% dis-
placing and >2 cm shortening), associated with disruption of 
the CC ligaments, neurovascular impairment, floating shoul-
der, or multitrauma [17]. Surgical treatment may also be con-
sidered for any displaced clavicle fracture in athletes to 
facilitate better postoperative mobility and earlier return to 
sport [18].

Rehabilitation protocol after surgery is similar to non- 
operative management.

24.3.2  Scapula Fracture

The scapula is a complex bone that can be fractured in mul-
tiple places. Non-operative management of scapular frac-
tures consists of sling immobilization for 2–3 weeks followed 
by early motion. Indications for surgical management are 
ill-defined but include intra-articular glenoid fractures with 
significant displacement and floating shoulders. A floating 
shoulder is considered when there is a scapular neck fracture 
with associated AC joint injury or clavicle fractures. Open 
reduction and internal fixation (ORIF) is the preferred surgi-
cal management for these fractures.

Postoperatively, rehabilitation is generally performed 
similarly to non-surgical management [19].

24.3.3  Humerus Fracture

Management of humeral fractures depends on fracture mor-
phology and location. Non-operative treatment is the main-
stay for minimally displaced (<1  cm displacement or/and 
<45° angulation), extra-articular proximal humerus fractures 
and consists of 2 weeks of sling immobilization followed by 
early passive ROM [20]. Serial x-rays should accompany 
office evaluation of these fractures to ensure stability. 
Surgical intervention is recommended for displaced (>1 cm, 
>45°, or >0.5  cm for greater tuberosity) two or more-part 
proximal humerus fractures in active patients, head-splitting, 
open fractures, or fractures associated with shoulder disloca-
tion. Most often fracture fixation is accomplished with ORIF 
or intramedullary nailing [20]. In older patients, arthroplasty 
should be considered [21].

Postoperative rehabilitation protocols depend on the sur-
gical procedure; however, they generally include early pas-
sive ROM followed by active ROM with progressive 
resistance and strengthening.

24.3.4  Glenohumeral Dislocations

Dislocations of the shoulder most commonly occur in 
younger males but can occur at any age. Anterior shoulder 
dislocation is most common and results from forced abduc-
tion, external rotation, and extension of the shoulder. 
Posterior shoulder dislocations can occur with a fall onto an 
outstretched and internally rotated arm or might be associ-
ated with tetanic muscle contractions occurring during sei-
zure or electric shock. Inferior shoulder dislocations are the 
least common and typically occur with sudden forceful arm 
hyperabduction. Closed reduction of shoulder dislocations 
should be attempted as early as possible. Following reduc-
tion of a shoulder dislocation, the arm is immobilized in a 
sling for 1–3 weeks [22]. After this period, the patient can 
advance to rotator cuff strengthening and ROM exercises, 
while avoiding activities that place the arm in a high-risk 
position (excessive IR for posterior dislocations, abduction/
ER for anterior dislocations, and hyperabduction for inferior 
dislocations). Patients who suffer posterior shoulder disloca-
tions are also immobilized in 10–20° of external rotation 
with the elbow at the patient’s side.

Following anterior dislocations, placing the arm in ER 
may create a greater contact force between the glenoid and 
labrum [23]. However, the recent meta-analyses have failed 
to prove a difference in re-dislocation rates between immobi-
lization in ER and IR, and most surgeons recommend immo-
bilization in IR which is more tolerable by the patients [24, 
25]. Surgical indications following shoulder dislocation aim 
at providing shoulder stability and preventing recurrent dis-
locations. There are multiple described techniques that vary 
from open vs. closed procedures and range from direct repair 
of the labrum to bone grafting and other techniques [24]. 
Postoperatively, patients are typically immobilized in a sling 
with the arm in a neutral position for 4–6 weeks, followed by 
gradual advancement of ROM and progressive resistance 
exercises. Full return to activities may occur at approxi-
mately 6 months postoperatively.

24.3.5  Acromioclavicular Separations/
Dislocations

AC joint dislocation, commonly referred to as a “separated 
shoulder,” generally occurs in younger patients. Rockwood 
classified these injuries into six types based on the degree 
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and direction of displacement, as well as involvement of 
acromioclavicular (AC) and coracoclavicular (CC) liga-
ments. Management of AC injuries is generally based upon 
the integrity of the CC ligaments. Type I and II injuries 
(<100% displacement and intact CC ligament) are treated 
non-operatively. Treatment of type III injuries (AC and CC 
ligament is torn, <100% displacement) is individualized with 
the majority treated non-surgically with good functional 
results. Type IV–VI (AC and CC ligaments torn, >100% dis-
placement posteriorly, superiorly, and inferiorly, respec-
tively) injuries are treated with surgical management, which 
includes reduction of the AC joint with reconstruction of the 
CC ligaments. Technique for repair is surgeon-specific and 
may include ORIF of the AC joint with either direct repair or 
reconstruction of the CC ligaments with sutures, screws, 
autograft, or allograft.

Operative fixation is generally followed by a period of 
sling immobilization for roughly 6  weeks [26]. Shoulder 
ROM is prohibited for the first 6 weeks; however, gentle iso-
metric rotator cuff exercises can be instituted at 2  weeks. 
Following 6  weeks of immobilization, patients may begin 
ROM and progressive resistance exercises with gradual pro-
gression over the subsequent months. Return to full activity 
can be expected at approximately 6 months.
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Anterior Elbow Disorders

Julio A. Martinez-Silvestrini

25.1  Distal Biceps Tendinopathy at 
the Elbow

25.1.1  Synonyms

• Distal biceps tendonitis
• Distal biceps tendinosis
• Distal biceps enthesopathy
• Distal biceps paratenonitis
• Distal biceps peritendinitis

25.1.2  ICD-10 Codes

• S46.211 Strain of muscle, fascia and tendon of other parts 
of biceps, right arm

• S46.212 Strain of muscle, fascia and tendon of other parts 
of biceps, left arm

• M70.31 Other bursitis of elbow, right elbow
• M70.32 Other bursitis of elbow, left elbow

25.1.3  Description

Anterior elbow pain is uncommon, compared to medial or 
lateral elbow pain. The most common causes of anterior 
elbow pain involve the biceps brachii tendon. Biceps tendi-
nopathy at the elbow presents with an insidious course of 
anterior elbow pain, particularly with repetitive or resisted 
flexion and resisted supination of the forearm. This injury is 

commonly seen in middle-aged men and related repetitive 
flexion, extension, pronation, and supination of the elbow, 
such as in the case of mechanics, construction workers, and 
carpenters [1, 2]. Further, exercises such as dumbbell curls 
can cause stress to the biceps distal tendon. The tendon may 
be primarily involved at the mid-substance (tendinosis), and 
its insertion (enthesopathy) or the sheath around it may be 
involved (paratenonitis) [3].

25.1.3.1  Anatomy
The elbow joint is composed of three bones (humerus, radius, 
and ulna) and three joints (humeroulnar, proximal radio- 
ulnar, and radiocapitellar joint) (Fig.  25.1). The humeral 
trochlea articulates with the ulnar olecranon, while the radius 
head articulates with both the proximal ulna and the humeral 
capitellum. It is primarily a hinged joint which allows for 
shortening of the upper extremity to facilitate activities 
closer to the body (like buttoning a shirt) and lengthening of 
the limb to increase our reach and interactions with the envi-
ronment [3]. Compared to other hinged joints like the knee, 
the elbow also allows for rotation of the terminal limb, the 
forearm, and the wrist, known as pronation and supination, 
allowing for increased range of motion and dexterity of the 
distal upper extremity. At the antecubital fossa, a neurovas-
cular bundle including the radial and median nerves and the 
brachial artery is located. Due to the complexity of the ana-
tomic structures at the elbow, multiple causes of pain should 
be considered in patients with anterior elbow pain 
(Table 25.1).

The biceps brachii muscle originates at the supraglenoid 
tubercle and the coracoid process of the scapula, crossing 
over the anterior humerus. The bicipital distal tendon inserts 
on the radial tuberosity, and the lacertus fibrosus (bicipital 
aponeurosis) inserts on the proximal ulna [4–6]. Also known 
as the “everyday supinator,” the biceps brachii is the primary 
supinator of the forearm and flexes the elbow in concert with 
the brachioradialis and brachialis muscles [6].
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25.1.4  Clinical Presentation

The patients commonly have personal or vocational history 
of repetitive elbow flexion or supination. The introduction of 
new exercises, like weighted biceps curls, may be related to 
the symptom origin. Patients state they usually do not have a 
specific single event associated with the onset of symptoms. 
They will complain of vague anterior elbow pain at the ante-
cubital fossa with loss of elbow flexion strength. The symp-
toms are mostly chronic and a gradual decline in function if 
often observed.

25.1.5  Physical Examination

On inspection, swelling of the antecubital fossa may be 
observed. Ecchymosis in the area may be a sign of a partial 
or total biceps tendon rupture. Palpation of the tendon may 
show peritendinous swelling or crepitus, but the rope-like 
tendinous structure should be palpable and contiguous.

Passive supination and pronation of the forearm with the 
elbow flexed to 90° should reveal a normal piston-like move-

ment of the biceps muscle belly. The absence of this motion 
indicates a complete tear. Resisted supination typically rec-
reates pain deep in the antecubital fossa. No sensory loss is 
expected in patients with this condition. Sensory and motor 
examination of the proximal and distal upper extremity and 
cervical spine is recommended, as biceps tendinopathy at the 
elbow may occur as part of a repetitive stress injury syn-
drome or due to abnormal body mechanics at the elbow to 
compensate for other proximal or distal pathologies, as cer-
vical radiculopathy, adhesive capsulitis of the shoulder, rota-
tor cuff tendinopathy, or carpal tunnel syndrome.

25.1.6  Special Tests

 (a) The hook test (Fig. 25.2): This test involves the exam-
iner hooking the biceps tendon with his or her fingertip 
and will confirm an intact tendon and cause pain [3]. As 
this may be a naturally sensitive area, “hook test” com-
parison with the contralateral side is recommended. This 
test is also helpful to identify complete distal biceps 
tears, but not useful in identifying a partial tear [6, 7].

 (b) The flexion initiation test (FIT): This test aims at improv-
ing diagnostic acuity of high-grade partial thickness tears, 
demonstrating a high sensitivity and specificity for both 
partial and complete biceps tendon tears. A positive FIT is 
when the patient cannot overcome the examiner’s counter 
force to initiate the first 10–15 of elbow flexion [6].

a b

Fig. 25.1 Anteroposterior (a) and lateral (b) X-rays view of the right elbow demonstrating the three bones (humerus, radius, and ulna) and three 
joints (humeroulnar, proximal radio-ulnar, and radiocapitellar joint) of the elbow. The radial head and olecranon are also identified

Table 25.1 Differential diagnosis of anterior elbow pain

Anterior capsule strain Osteoarthritis
Gout Pronator syndrome
Intra-articular loose body Rheumatoid arthritis
Muscular strain (biceps brachii, brachialis) Tendon injury
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25.1.7  Diagnostic Workup

X-rays of the elbow are usually normal but may be helpful to 
show osteophytes, loose bodies, or avulsion of the radial 
tuberosity. Magnetic resonance imaging (MRI) or musculo-
skeletal ultrasonography can be used to demonstrate 
 continuity and changes in caliber of the tendon, yet ultraso-
nographic exam of the antecubital fossa is particularly diffi-
cult due to multiple anatomic structures in the region and the 
anatomy of the distal tendon [3]. These studies may help dif-
ferentiate tendinopathy, enthesopathy (changes at the tendon 
insertion), or paratenonitis (inflammation of the tendon 
sheath) [4]. All these conditions are usually considered a 
continuum in the tendinopathy spectrum, and management 
may not change significantly from one to the other.

25.1.8  Treatments

25.1.8.1  Medical Management
Despite no significant evidence of inflammation on patho-
logic examination of tendinopathy, a course of simple anal-

gesics or non-steroidal anti-inflammatories (NSAIDs) may 
be helpful to control pain and soft tissue swelling, specifi-
cally in patients with paratenonitis or inflammation of the 
tendon sheath.

25.1.8.2  Rehabilitation
The goals of rehabilitation are to decrease pain and improve 
range of motion, strength, and function.

To decrease pain modalities as cryotherapy, ultrasound 
and iontophoresis with dexamethasone may be utilized. Note 
that the median nerve is very close the distal biceps tendon 
and direct ice or heat modalities may cause irritation or even 
damage to the nerve. Close monitoring of sensory complaints 
while applying various modalities is advised.

Range of motion and stretching exercises of the shoul-
der capsule, elbow capsule, and wrist flexors and exten-
sors are recommended, keeping in mind the versatility of 
movement at the elbow (flexion-extension and 
pronation-supination).

Isometric strengthening of the biceps in flexion and 
supination, followed by open and close kinetic chain, 
should be implemented, progressing to eccentric strength-
ening exercises. Clinically, it is reasonable to conclude that 
eccentric strengthening of the biceps will be helpful as it is 
a muscle that sustains significant eccentric forces, specifi-
cally during the throwing decelerations phase [2]. Yet, as of 
now, only two case reports of the use of eccentric strength-
ening in the rehabilitation of distal biceps tendinopathy 
were found [1, 2].

25.1.8.3  Procedure
Platelet-rich plasma (PRP) has been used in the treatment of 
distal biceps tendinopathy. Decreases in pain and improve-
ments in strength and function have been reported. 
Unfortunately, due to the rarity of this diagnosis, there is 
minimal published data [8].

The distal tendon should not be injected with corticoste-
roids as this will traumatize the tendon by the needle inser-
tion and alter the collagen matrix and decreased cellular 
viability by the corticosteroids [9]. Paratenonitis could 
potentially be injected safely with corticosteroids under 
ultrasound guidance, as the integrity of the tendon is main-
tained. Yet, considering the morbidity of a potential tendon 
tear, resulting in a significant loss of strength and cosmetic 
deformity, it is the author’s opinion that corticosteroids 
should not be used, as other safer treatment options, as PRP 
are available.

25.1.8.4  Surgery
Surgical consultation for potential repair is usually recom-
mended for patients with high-grade partial tears more of 
50% of the tendon fibers, patients that fail conservative care 
or total tendon ruptures [10].

Fig. 25.2 The “hook test.” The examiner hooking the biceps tendon 
with his or her fingertip will confirm an intact tendon and cause pain, in 
case of tendinopathy. If the examiner cannot hook the finger, it is sug-
gestive of a tendon tear
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25.2  Distal Biceps Tendon Tear

25.2.1  Synonyms

Distal biceps tendon rupture

25.2.2  ICD-10 Codes

• S46.291A Biceps muscle/fascia/tendon injury  – right 
arm, initial encounter

• S46.292A Biceps muscle/fascia/tendon injury – left arm, 
initial encounter

25.2.3  Description

Distal biceps tendon tears are rare, comprising 3–10% of all 
biceps brachii tendon ruptures, with an incidence of 2.6 per 
100,000 patients and typically seen in middle-aged men [6, 
10, 11].

25.2.4  Clinical Presentation

The typical patient is between the fourth and sixth decade 
with an average age of 50 years old [11]. The mechanism of 
injury is a sudden eccentric load that is applied to the flexed 
elbow, forcing it from flexion to extension. The dominant 
arm is usually affected by this injury [1, 6]. Most will experi-
ence a painful “pop” or “snap” and will complain of pain in 
the forearm, not the arm or anterior elbow [4]. Smoking, ana-
bolic steroid use, and local corticosteroid injections are con-
sidered risk factors for distal biceps tendon tears [5]. Only 

about 30% of patients with distal biceps tendon tears are 
considered athletically active or have physical demanding 
vocational roles [10]. Patients present with acute pain and 
ecchymosis on the anterior elbow and weakness of elbow 
flexion and forearm supination, making some activities dif-
ficult for patients, like opening a jar.

25.2.5  Physical Examination

There will be ecchymosis and swelling on the antecubital 
fossa with tenderness to palpation. The distal biceps tendon 
will not be palpable, and there is pain with full elbow exten-
sion. As discussed above, resisted flexion of the elbow with 
the forearm supinated (Fig. 25.3) and supination of the fore-
arm will be weak compared to the contralateral side. Due to 
the swelling close to the medial nerve in the anterior elbow, 
the patients may feel paresthesia in the sensory medial distri-
bution without weakness on pronation of the forearm, flexion 
of the wrist, or median innervated musculature in the hand 
(thumb abduction). Muscle stretch reflexes will be normal 
except for the reflex biceps reflex, which as expected will be 
not only absent, but patients will experience pain with tap-
ping on the anterior elbow.

25.2.6  Diagnostic Workup

Anteroposterior and lateral X-rays of the elbow and forearm 
will be helpful to look at a possible radial tuberosity avulsion 
fracture and other associated bony injuries. Due to the curved 
trajectory of the biceps brachii tendon, the musculoskeletal 
ultrasound evaluation of the distal biceps tendon is difficult 
[4]. MRI is rarely necessary for diagnosis of a complete tear, 

a b

Fig. 25.3 Elbow flexion resistance with the forearm pronated and the 
hand dorsum up tests predominantly the brachialis muscle (a), while 
elbow flexion with the forearm supinated and the palm up will test the 

biceps brachii (b). Note that the biceps tendon is more visible with the 
forearm supinated, as this position provides better mechanical advan-
tage to the biceps

J. A. Martinez-Silvestrini



237

although it can differentiate between complete tears, partial 
tears, and muscular strain. It is also helpful to quantify the 
degree of tendon retraction in cases of complete tears, which 
is necessary for surgical planning. MRI has high sensitivity 
and specificity, particularly for complete tears, and it is more 
accurate than ultrasound in detecting a tear [6].

25.2.7  Treatments

25.2.7.1  Medical Management
There may be a role of non-surgical treatment in patients 
with sedentary work or patients in which surgery is not pos-
sible due to complex medical conditions [10]. Compared 
with the contralateral arm, complete rupture of the distal 
biceps can produce a 40% loss of supination strength, a 47% 
loss of supination endurance, and up to 30% loss of flexion 
strength at the elbow, for which unless medically contraindi-
cated, tendon repair is recommended [6]. Simple analgesics, 
such as acetaminophen and NSAIDs, if not contraindicated, 
can be used for pain control and control of soft tissue inflam-
mation. In the acute setting, NSAIDS should be used care-
fully as they may result in excessive ecchymosis. Due to the 
magnitude of this injury, a short course of oral opioids may 
be considered initially after an acute injury.

25.2.7.2  Rehabilitation
Pain and swelling control are helpful for patients in the pre-
amble of surgical repair or patients in which repair is not 
possible due to medical comorbidities. Protection with an 
elbow brace and/or sling for comfort can be used. 
Compression with an elbow or arm sleeve and elevation 
above the chest level will also help decrease swelling and 
excessive bruising. Stretching or elbow extension range of 
motion is not recommended if surgery is planned, but if 
 conservative care is the only option, gentle passive range, 
progressing to active assistive and active range of motion, is 
recommended to prevent elbow capsulitis. Preservation of 
pronation and supination with range of motion exercises is 
also important. Lastly, for patients with non-surgical man-
agement, strengthening supplementary musculature as the 
brachialis, brachioradialis, and supinator muscles should be 
targeted, noting that even for fully rehabilitated non-surgical 
patients, they will persist with significant elbow weakness.

25.2.7.3  Procedures
Injections are not recommended for this diagnosis.

25.2.7.4  Surgery
Timely diagnosis of a complete distal biceps tendon rupture 
and primary repair to reestablish motion and strength is 

imperative. Early surgical repair is strongly recommended in 
athletes, patients with forceful supination vocational needs, 
and patients that consider arm deformity unacceptable, as 
non-surgical treatment will make the distal biceps tendon 
scar to the brachialis muscle, changing the arm contour [11]. 
The surgical technique results in reinserting the biceps ten-
don into the radial tubercle. Due to the risk of neurovascular 
injury of structures at the antecubital fossa, multiple surgical 
techniques have been developed [10]. Although normal 
strength is usually regained with surgery of the dominant 
arm, residual weakness has been observed in surgical repairs 
of the nondominant arm [12]. Common complications of 
surgical intervention include nerve injury, more commonly 
the lateral antebrachial cutaneous nerve, loss of motion, ten-
don re-rupture, and heterotopic ossification. In patients with 
chronic tendon injuries, surgery may not be possible. In 
patients with tears older than 6 weeks, repair may be diffi-
cult, and after 12 weeks, the tendon may not be repairable 
due to fiber retraction, atrophy, and scarring [10]. Elbow sur-
geries are further discussed in Chap. 30.

25.3  Brachialis Muscle Strain

25.3.1  Synonyms

Climber’s elbow

25.3.2  ICD-10 Code

• S56.81 Strain of other muscles, fascia and tendons at 
forearm level

• S56.811 Strain of other muscles, fascia and tendons at the 
right forearm

• S56.812 Strain of other muscles, fascia and tendons at the 
left forearm

25.3.3  Description

Strains and tears of the brachialis muscle are uncommon 
compared to other muscle strains and other elbow injuries. 
The clinical presentation may be similar to other anterior 
elbow injuries, such as biceps tendon tears. As injuries to the 
brachialis muscle and tendon are rare, their incidence and 
prevalence are not well documented [13]. The information 
currently available in this type of injury are predominantly 
case reports [14]. The deep location of the brachialis muscle 
and scarcity of literature make diagnosis and treatment 
difficult.
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25.3.3.1  Anatomy
Brachialis is composed of two heads, superficial and deep 
heads [14]. The origin of the superficial head is the deltoid 
tuberosity. It continues laterally on the attaching on ante-
rior surface of the ulna at the ulnar tuberosity [15]. The 
deep head originates on the anterior surface of the humerus 
and inserts onto the ulna proximal to the superficial head, 
with some fibers penetrating the distal attachment of the 
superficial head. It is the primary elbow flexor, generating 
the greatest force, compared to the biceps brachii and bra-
chioradialis. It has no role on elbow supination or prona-
tion. While the forearm is held in full protonation, the 
biceps brachii is in a mechanical disadvantage, and the bra-
chialis muscle performs most of the elbow flexion. High 
repetitive stress in this position, as in the case of rock 
climbers, can result in partial tears of the brachialis muscu-
lotendinous junction.

In contrast to brachialis, the biceps brachii is more com-
monly injured and usually involves the tendon. Brachialis 
muscle belly tears, while rare, are the most common injury 
observed in the brachialis muscle [14].

Due to the scarcity of medical evidence, adequate demo-
graphic and epidemiologic analysis reports are not available. 
This type of injury has been observed in both pediatric and 
adult patients [14, 16]. As the brachialis muscle tears are 
rare, and the muscle is deep in the arm and elbow, it is prone 
to misdiagnosis.

25.3.4  Clinical Presentation

The initial presentation of these patients is usually after 
repetitive elbow flexion with the arm pronated, as while 
doing pull-ups or rock climbing [17]. Another mechanism of 
injury may be the sudden hyperextension or forceful eccen-
tric extension force to the elbow [14]. Brachialis muscle 
injury presents with pain and swelling in the anterior mid- 
and distal arm exacerbated by elbow flexion with the forearm 
pronated.

25.3.5  Physical Examination

Brachialis muscle injuries present with pain and swelling in 
the anterior mid- and distal arm exacerbated by elbow flex-
ion with the forearm pronated. Unlike a biceps muscle injury, 
in which a palpable gap may be felt on physical examination, 
the brachialis muscle is difficult to palpate due to its position 
deep to the overlying biceps brachii. Resisted elbow flexion 
with the thumb up or palm up will not be painful (Fig. 25.3). 
Normal sensory examination and preserved biceps reflexes 
should be observed.

25.3.6  Diagnostic Workup

AP and lateral X-rays of the elbow may be obtained to rule 
out other more common bony causes of antecubital pain. 
Usually, muscular injury occurs where the brachialis crosses 
the elbow joint. Because of their close anatomical proximity 
to the radial nerve, median nerve, and brachial artery, ultra-
sound evaluation is recommended for the evaluation of bra-
chialis injuries [15]. MRI is the gold standard to confirm the 
injury, unless an adequate musculoskeletal ultrasound can be 
obtained and performed by an experienced sonographer.

25.3.7  Treatments

25.3.7.1  Medical Management
Traumatic brachialis muscle injuries reported in the litera-
ture were treated non-operatively and responded well to con-
servative treatment. Treatment consists of resting the affected 
limb, ice, and non-steroidal anti-inflammatories if not con-
traindicated [16].

25.3.7.2  Rehabilitation
Swelling control followed by range of motion and strength-
ening exercises is imperative for recovery. Eccentric muscle 
strengthening is strongly recommended in the later stages of 
rehabilitation, due to the action of the brachialis muscle on 
elbow eccentric flexion [16].

25.3.7.3  Procedures
No procedures have been documented in the treatment of this 
injury.

25.3.7.4  Surgery
Brachialis muscle injury is a rare entity, and no surgical 
treatment has been documented for the treatment of this 
injury.

25.4  Elbow Capsular Strain

25.4.1  Synonyms

Elbow sprain

25.4.2  ICD-10 Code

• S53.401 Elbow sprain, right elbow
• S53.402 Elbow sprain, left elbow
• S59.901 Unspecified injury of right elbow
• S59.902 Unspecified injury of left elbow
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25.4.3  Description

Activities requiring repetitive hyperextension of the elbow 
may strain the anterior capsule. The strain results in anterior 
elbow pain that becomes worse with passive extension or 
hyperextension stress testing [18]. Activities that should 
make one suspicious of a possible elbow capsular injury 
include weight-lifting with eccentric strain (such as decline 
dumbbell or barbell curls).

25.4.4  Clinical Presentation

Anterior elbow pain is specifically related to extension or a 
hyperextension injury to the joint. The patient may have a 
history of anterior elbow pain in the antecubital fossa after 
throwing a ball or overhead lifting, usually on the terminal 
phase of the action when the elbow is fully extended.

25.4.5  Physical Examination

Patients may have mild to no swelling in the anterior elbow. 
Severe swelling or ecchymosis may suggest a musculotendi-
nous injury as described in previous sections of this chapter, 
as a biceps or brachialis injury. Patients will have pain with 
hyperextension of the elbow (bounce home test) or passive 
extension of the elbow. In cases of elbow capsulitis, an exten-
sor lag at the elbow may be present. Generally, there is no 
significant pain with resisted elbow flexion or extension at 
midrange (90° of elbow flexion). A normal neurovascular 
exam is typically observed.

25.4.6  Diagnostic Workup

X-rays are commonly recommended to rule out other possi-
ble more serious injuries. Elbow radiographs are usually nor-
mal unless a bony avulsion injury, loose body, or a 
superimposed ruptured brachialis muscle with associated 
myositis ossificans is visible [18]. If there is suspicion of a 
more serious injury, imaging such as musculoskeletal ultra-
sound and/or MRI should be considered.

25.4.7  Treatments

25.4.7.1  Medical Management
Pain control with simple analgesics and NSAIDs may be 
needed in the initial phase of recovery. Activity modifica-
tion, avoiding elbow hyperextension and activities that 
exacerbate symptoms, is encouraged. A shoulder sling 
may be used intermittently, keeping in mind that prolonged 

immobilization of the elbow in flexion and the shoulder in 
adduction may result in adhesive capsulitis of the elbow or 
shoulder. In the author’s experience, therapeutic elbow 
taping may also be useful in preventing elbow 
hyperextension.

25.4.7.2  Rehabilitation
The elbow is known to react by a precipitous loss of motion 
even after minor injuries [19]. Preservation of the elbow’s 
full range of motion including pronation and supination is 
vital. Modalities to decrease pain and/or inflammation such 
as cryotherapy and compression, followed by passive ROM, 
progressing to active ROM are advised. Once adequate ROM 
is achieved, strengthening of the elbow at all planes (flexion, 
extension, pronation, and supination) is recommended, pro-
gressing from isometrics to concentric exercises. As muscu-
lotendinous structures are not usually involved, the role of 
eccentric strengthening for this diagnosis is unknown. 
Follow-up physical examination during rehabilitation is 
important to determine other concomitant musculotendinous 
and/or osseous injuries that may have occurred and were 
missed.

25.4.7.3  Procedures
In patients with secondary adhesive capsulitis of the elbow, 
high-volume intra-articular injections may be considered. 
The author’s preference is to use a mixture of normal saline 
solution, local anesthetics, and low dose corticosteroids (10–
20 mg of triamcinolone acetate). A volume of 5 ml may be 
enough to cause significant capsular distention and improve 
range of motion if the limitation is secondary to capsular 
restrictions. Depending on the clinician’s expertise, ultra-
sound or fluoroscopic guidance may be needed.

25.4.7.4  Surgery
No surgical intervention is recommended for capsular 
strains. In case of elbow adhesive capsulitis or stiff elbow, 
manipulation under anesthesia or arthroscopic debridement 
may be considered [19]. Elbow surgeries are further dis-
cussed in Chap. 30.
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Posterior Elbow Disorders

Eric W. Pettyjohn and Jason L. Zaremski

26.1  Olecranon Bursopathy (Bursitis)

26.1.1  Synonyms

• Baker’s elbow
• Elbow bursitis
• Student’s elbow

26.1.2  ICD-10 Codes

M70.20, M70.21, M70.22

26.1.3  Description

The olecranon bursa is a superficial synovial fluid membrane 
located just posterior to the olecranon. The bursa allows the 
olecranon to track smoothly across the surrounding tissues 
during elbow flexion and extension. Due to its superficial 
location, the bursa is susceptible to injury via multiple mech-
anisms. As an acute injury, olecranon bursitis can occur due 
to trauma, inflammation, or infection. When infection is sus-
pected, this is usually due to direct spread, so typical skin 
flora is the common pathogen. Chronic inflammation can 
also be seen due to certain occupations, such as miners, 
plumbers, heating and air conditioning technicians, and even 
desk jobs with prolonged contact of the elbow on a hard sur-
face. Systemic inflammatory conditions such as rheumatoid 
arthritis, psoriatic arthritis, gout, and chondrocalcinosis can 

also cause the condition. Whether the cause is noninfectious 
or infectious, the event causes an inflammatory cascade 
causing the release of protein and synovial type fluid into the 
bursa. This is manifested by swelling of the joint.

Olecranon bursitis typically affects men between the ages 
of 30 and 60 years old [1]. Two-thirds of the cases are non-
septic and occur with repeated trauma to the area resulting in 
a release of inflammatory mediators. There is no predisposi-
tion between sex and race. Differential diagnosis of olecra-
non bursitis is listed in Table 26.1.

26.1.4  Clinical Presentation

Clinical features can vary depending on whether the cause 
is acute or chronic and aseptic versus septic. Classic pre-
sentation of an acute injury includes symptoms of swell-
ing and pain over the tip of the elbow in both aseptic and 
septic bursitis. Complaints of warmth overlying the elbow 
and fevers can favor a diagnosis of septic bursitis. In addi-
tion to this, septic cases tend to become symptomatic ear-
lier than nonseptic forms, thus presenting earlier for 
evaluation [3]. In chronic cases patients may present with 
a remote history of significant swelling of the elbow that 
diminished in size, leading to small “lumps” when palpat-
ing their elbow. These lumps represent fibrotic scar tissue 
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Table 26.1 Differential diagnosis of olecranon bursopathy

Cause/category Specific injury/process
Acute trauma Olecranon process fracture
Autoimmune condition Rheumatoid arthritis
Crystalline 
inflammatory 
arthropathy

Gout and pseudogout

Muscular Triceps tendinitis or tear
Infectious Staphylococcus aureus (MSSA most 

common) [2], Streptococcus (second most 
common)

Miscellaneous Lipoma, synovial cyst
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as a result of chronic inflammation and increased consis-
tency of the bursal fluid [1].

26.1.5  Physical Examination

Initially, the clinician should inspect both elbows to assess 
for localized swelling. The normal appearance of the bursitis 
is round or “golf ball” in shape due to the fluid being con-
fined within the bursa [4]. Patients may also experience ten-
derness to palpation over the posterior tip of the elbow. 
Erythema is present in 63–100% of patients with septic bur-
sitis versus only 25% with nonseptic bursitis [1]. Fever is 
only present in approximately 70% of septic bursitis cases; 
therefore, infectious etiology cannot be ruled out in an afe-
brile patient [4].

26.1.6  Diagnostic Workup

The diagnosis is usually made by history and physical exam 
alone and does not require imaging to confirm. However, due 
to the overlapping of signs and symptoms of aseptic and 
 septic bursitis, the clinician should highly consider the risk 
of septic bursitis in each patient. If septic bursitis is of con-
cern, bursal aspiration and analysis are considered to be the 
gold standard in diagnosis [4]. Fluid should be sent for cell 
count, Gram stain, culture, and crystal examination. 
Radiographic evaluation is not recommended unless there is 
concern for an olecranon fracture in a setting of recent 
trauma [1].

26.1.7  Treatments

The treatment depends on whether it is infectious or nonin-
fectious. Overall, nonsurgical management leads to better 
clinical resolution of aseptic bursitis compared to surgical 
management [5].

26.1.7.1  Medical Management
Acute, noninfectious bursitis is usually self-limiting and can 
be managed conservatively with rest, ice, and a course of 
NSAIDs. Infectious bursitis requires treatment with antibiot-
ics targeted against streptococcal and staphylococcal organ-
isms [4]. When the diagnosis between aseptic and septic 
bursitis is unknown and aspirated fluid results are pending, it 
is recommended to begin antibiotic therapy against the 
organisms noted above (including methicillin-resistant 
Staphylococcus aureus) until microbiological findings are 
available [6].

26.1.7.2  Rehabilitation
Application of a compressive, elastic bandage or sleeve has 
been shown to help with the treatment and further develop-
ment of swelling [4].

26.1.7.3  Procedures

Nonseptic bursitis In a randomized trial by Kim et  al., the 
likelihood of resolution of nonseptic olecranon bursitis and 
earliest resolution of symptoms were evaluated in three treat-
ment groups: compression bandaging plus NSAID use, aspira-
tion, and aspiration with steroid injection. At the end of 
4 weeks, there were no differences in the proportion of patients 
whose bursitis resolved in the three groups. The steroid injec-
tion after aspiration group was associated with the earliest 
resolution (2.3 weeks), when compared to the aspiration alone 
group (3.1 weeks) and the compression bandaging and NSAID 
group (3.2 weeks) [7]. One systematic review found that CSI 
did not improve the rate of clinical resolution, but did increase 
overall complications and skin atrophy at the injection site [5].

Septic bursitis Traditionally, if there is concern for septic 
bursitis, the general recommendation in the literature is for 
bursal aspiration with fluid analysis. However, a study com-
pared treatment outcomes of traditional bursal aspiration to 
empirical antibiotic management. They concluded that 
empiric management for uncomplicated septic bursitis was 
effective and may be considered [8].

26.1.7.4  Surgery
Surgical treatment options include aspiration and irriga-
tion, incision and drainage, and total excision through 
either open or endoscopic approach [9]. When comparing 
endoscopic to an open approach, endoscopically treated 
patients tolerated local anesthesia (versus general anesthe-
sia in an open approach), had decreased hospitalization 
time, and had superior treatment satisfaction scores [9]. 
When grouped together, clinical resolution was signifi-
cantly more common after nonsurgical management than 
surgical management [5].

26.2  Posteromedial Elbow Impingement

26.2.1  Synonyms

• Posteromedial olecranon impingement (PMOI)
• Valgus extension overload syndrome (VEOS)
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26.2.2  ICD-10 Codes

M19.029

26.2.3  Description

Posteromedial elbow impingement is classically seen in ath-
letes who are involved in frequent and repetitive overhead 
athletes, such as swimmers, volleyball players, gymnasts, 
golfers, as well as baseball and softball players [10, 11]. 
While posteromedial elbow impingement is the most com-
mon elbow injury caused by overhead throwing in baseball 
players, it is an otherwise rare condition in the general popu-
lation [12]. Pathophysiology involves repeated hyperexten-
sion, valgus stress, and supination of the elbow leading to 
progressive medial laxity. This causes abutment of the bony 
and soft tissue structures of the posteromedial elbow. As a 
result, osteoarthritic changes can be seen that include joint 
space narrowing, subchondral sclerosis, osteophyte forma-
tion, loose bodies, subchondral cyst formation, joint effu-
sion, and secondary synovitis [13]. Differential diagnosis of 
posteromedial elbow impingement is given in Table 26.2.

26.2.4  Clinical Presentation

Patients typically report posteromedial elbow pain that is 
most pronounced during the extension or follow-through 
phase of throwing [14]. Patients may only present with com-
plaints of decreased training capacity or performance due to 
premature fatigue, loss of velocity, or loss of control. There 
may also be reports of locking or catching (due to loose bod-
ies) or an inability to fully extend the arm (due to olecranon 
osteophytes and/or loose bodies).

26.2.5  Physical Exam

Physical examination begins with visual inspection of the 
affected elbow in comparison to the unaffected side. The 
normal carrying angle in adults may vary from 5° to 15°; 
however it is not uncommon for throwers to have an increased 
carrying angle in their dominant elbow compared to their 
nondominant elbow [15]. Posteromedial elbow impingement 

does not typically cause a joint effusion or visible muscle 
atrophy of the triceps or forearm muscles. Tenderness to pal-
pation along the posteromedial elbow is usually elicited. 
Range of motion testing may demonstrate a loss of terminal 
extension, as well as posterior elbow pain with pronation, 
valgus stress, and extension. Valgus stress can also induce 
pain or laxity of the ulnar collateral ligament (UCL).

26.2.5.1  Special Tests

 (a) Arm bar test: This maneuver has the patient standing 
with the shoulder in internal rotation with the elbow 
extended and index fingers resting on the examiner’s 
shoulder. The examiner places their hand on the distal 
humerus and applies pressure on the distal humerus to 
the fully extended elbow. The test is positive if there is 
distinctive posteromedial pain [16].

 (b) Valgus overload test/posteromedial impingement test: 
The patient is seated or standing with 20–30° of elbow 
flexion. The examiner stabilizes the upper arm while 
grasping the wrist. The examiner then forcibly extends 
the elbow while applying valgus stress. Posteromedial 
pain specifically indicates a positive test [11].

26.2.6  Diagnostic Workup

To definitively diagnose posteromedial elbow impingement, 
this requires the synthesis of a detailed history, thorough 
physical exam, and imaging evidence. One study found that 
less than half (14 out of 36) of their sample size of baseball 
players could be diagnosed with the condition confidently by 
clinical symptoms and physical examination alone [13]. The 
diagnosis can be further complicated by the presence of co- 
injuries, such as to the medial ulnar collateral ligament 
(UCL).

X-ray Can be useful to help aid in the diagnosis, as well as 
rule out other bony skeletal disorders that are within the dif-
ferential. Anterior-posterior, lateral, and oblique views can 
detect posteromedial osteophytes, loose bodies, osteochon-
dritis dissecans, and associated stress fracture of the olecra-
non seen in posteromedial impingement cases [13, 17]. 
X-ray has less utility when evaluating for joint space narrow-
ing as well as associated soft tissue injuries.

Computer tomography (CT) One study concluded that 
characteristic imaging findings of posteromedial elbow 
impingement are more readily diagnosed by CT compared to 
MRI when it comes to joint space narrowing, medial olecra-
non subluxation, and the number of loose bodies [13]. This is 
because the joint spaces could be more definitively measured 
by CT.

Table 26.2 Differential diagnosis of posteromedial elbow 
impingement

Skeletal Osteoarthritis, olecranon apophysitis, olecranon 
avulsion fracture, and olecranon stress fracture

Muscular/
ligamentous

Triceps tendinopathy/tear, ulnar collateral 
ligament insufficiency/injury

Nervous Cubital tunnel syndrome
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Magnetic resonance imaging (MRI) MRI is considered the 
gold standard imaging modality for the entire aspect of the 
athlete’s elbow, though utility of musculoskeletal ultrasound 
may be considered if one is an experienced ultrasonographer. 
When clinical suspicion is high for posteromedial impinge-
ment in baseball players, MRI should be considered neces-
sary for a comprehensive evaluation of the affected elbow 
because associated bone marrow edema, secondary synovi-
tis, and soft tissue and nerve-related injuries are more readily 
diagnosed. Common associated elbow injuries that would be 
more evident on MRI include UCL injury, distal medial tri-
ceps tendinosis, ulnar neuritis, and flexor-pronator tendino-
sis [13]. It should be noted that if there is a concern for 
concomitant UCL injury, MRI arthrogram has a higher sen-
sitivity and specificity than MRI alone for partial UCL tears, 
but with stronger magnets (such as T3), MRI and MRA both 
have extremely high diagnostic accuracy, 100% in some 
studies [18].

26.2.7  Treatments

26.2.7.1  Medical Management
A conservative treatment approach lasting 6–10  weeks 
should be recommended first. Medical management includes 
a trial of relative rest, cryotherapy, restriction from throwing, 
and valgus stress-related activities and if needed may con-
sider using non-steroidal anti-inflammatory drugs (NSAIDS).

26.2.7.2  Rehabilitation
Early implementation of specific rehabilitation exercises 
including rotator cuff strengthening as well as eccentric 
strengthening of the wrist flexors shoulder be initiated. After 
the initial physical therapy stage, a supervised throwing pro-
gram with correction of flawed throwing mechanics is then 
recommended as long as there are no symptoms including 
pain when throwing.

26.2.7.3  Procedures
None

26.2.7.4  Surgery
Arthroscopy is a viable surgical option in patients who have 
failed a conservative approach and have characteristic find-
ings on advanced imaging. In one study comparing MRI 
findings in overhead throwing athletes and results of 
arthroscopic treatment, patients that benefited subjectively 
and objectively (increased elbow extension range of motion) 
from surgery were found to have posteromedial synovitis, 
olecranon spurring, and loose bodies. Treatment consisted of 
arthroscopic debridement of the synovitis, loose body 
removal, and olecranon spur excision [17]. The presence of 
symptomatic loose bodies or impinging osteophytes typi-

cally has the greatest improvement after arthroscopic sur-
gery, compared to patients with degenerative findings that 
seem to have less satisfactory results [19]. It is recommended 
that only osteophyte and not native olecranon be removed as 
a prior study revealed that 42% of baseball players who 
underwent partial olecranon excision for posteromedial 
impingement required a second surgery, several requiring 
UCL reconstruction [12]. Arthroscopy is also a viable surgi-
cal option in the teenage population for debridement, exci-
sion of olecranon spurs, and removal of any loose bodies 
[20]. All patients were able to return to their previous level of 
play in an average of 3.4 months, and no patient developed 
medial instability that required additional surgery at end fol-
low- up of a mean of 26 months [20]. For more details, please 
see Chap. 30 “Surgeries in the Elbow.”

26.3  Triceps Injury/Tendinopathy

26.3.1  Synonyms

Posterior tennis elbow

26.3.2  ICD-10 Codes

S46.311, S46.312, S46.319

26.3.3  Description

The term tendinopathy can be divided into two varying cat-
egories: tendinosis and tendinitis. Tendinosis is a more 
degenerative process characterized by fibroblastic changes, 
vascular hyperplasia, and immature/disorganized collagen 
that can be seen in histopathology, whereas tendinitis is an 
inflammatory process with the presence of neutrophils and 
lymphocytes seen on histopathology [21]. Triceps tendinop-
athy is the least common type of elbow tendinopathy [22]. 
Triceps tendinopathy is an enthesopathy due to damage to 
the triceps tendon from repetitive, resisted elbow extension 
[21]. The pathology most commonly occurs at the enthesis of 
the olecranon but can also occur within the tendon itself or 
the myotendinous junction. Differential diagnosis of triceps 
injury is listed in Table 26.3.

Table 26.3 Differential diagnosis of triceps injury

Posteromedial elbow impingement
Osteoarthritis
Olecranon bursitis
Snapping triceps
Olecranon stress fracture
Partial triceps tendon tear
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26.3.4  Clinical Presentation

Patients will typically present with pain and swelling of the 
posterior elbow. For the majority of cases, the pain will 
develop progressively over time. Patients may report that the 
pain is elicited with resisted elbow extension, stretching of 
the triceps muscles, or even present at rest. They may also 
report limited mobility and reduced elbow extension strength 
due to pain inhibition. The clinician should focus on the 
mechanism of injury and chronicity and assess for any asso-
ciated risk factors, including olecranon bursitis, injectable 
and/or oral steroid use, and type 1 diabetes when taking a 
history [23–25].

26.3.5  Physical Examination

Initial examination of the posterior elbow includes assess-
ment signs of swelling, ecchymosis, direct trauma, or visible 
defects. Active range of motion with flexion and extension, 
as well as elbow extension strength, should be tested as both 
of these may be reduced. Patients with either tendinosis or 
tendinitis will have worsening of their pain with resisted 
elbow extension [21].

26.3.5.1  Special Tests

Triceps squeeze test The patient is positioned seated with 
the forearm hanging over the back of a chair to where their 
elbow is flexed at 90°. The examiner places one hand on the 
distal triceps tendon with the other around the muscle belly 
and squeezes both hands firmly. The lack of extension of the 
elbow indicated a total triceps rupture [26].

26.3.6  Diagnostic Workup

X-ray Plain radiographs have limited use as an imaging 
modality to aid in the diagnosis of triceps tendinopathy. 
Tendon-specific pathology will not be seen, but X-ray can 
show calcification within the tendon (usually at the osteo- 
tendinous junction), as well as an avulsion fragment proxi-
mal to the olecranon [27]. The utility of X-ray is to help rule 
out skeletal-specific pathologies that are within the 
differential.

Ultrasound The superficial location of the triceps tendon 
allows for a straightforward evaluation of the tendon. 
Tendinopathy will present as reduced echogenicity and pos-
sible calcification within the tendon [27]. Ultrasound is also 
able to visualize partial- and full-thickness tears.

Magnetic resonance imaging The advantage of MRI is that 
it can more readily assess for other causes of the patient’s 
symptoms. Findings of tendinopathy show abnormal 
(increased) signal intensity on fluid-sensitive images. 
Further, the insertions of the superficial and deep tendons 
can be visualized separately, aiding in a more specific diag-
nosis [27].

26.3.7  Treatments

There is very limited data available reporting on the manage-
ment of distal triceps tendinopathy. However, the general 
consensus is that it is a self-limiting condition that typically 
resolves with conservative management.

26.3.7.1  Medical Management
May include the use of cryotherapy, compression, and/or 
NSAIDs at first.

26.3.7.2  Rehabilitation
Rehabilitation management should follow the principles 
used to treat other types of tendinopathies [26]. Initially, 
activity modification and cessation of weight training and 
loading of the elbow is a general recommendation for most 
tendinopathies. Physical therapy can be utilized to address 
any strength or mobility deficits. A physical therapy routine 
incorporating stretching and strengthening exercises of the 
triceps and surrounding muscles, as well as specific eccentric 
strengthening exercises, should be attempted [28].

26.3.7.3  Procedures
Platelet-rich plasma (PRP) PRP does not have the potential 
complications that are associated with steroid injections such 
as skin atrophy, skin discoloration, and secondary tendon 
tear [29]. Evidence of PRP for triceps tendinopathy is lack-
ing in the literature. There is one case report of a 47-year-old 
male with a partial distal triceps tendon rupture who was 
treated with PRP injection and a conservative therapy pro-
gram [30]. A decrease in pain and increase in strength at 2 
and 4 weeks, respectively, after injection were seen. However, 
the single report and lack of control group make PRP diffi-
cult to recommend as a treatment option for triceps 
tendinopathy.

Ultrasound-guided tenotomy (USGT) There is limited 
data in the literature in regard to USGT and triceps tendi-
nopathy. In one case series, five patients that underwent 
USGT all reported moderate pain at baseline, which 
improved to no or mild pain at short-term follow-up (2, 6, 
and 12 weeks) [31].
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26.3.7.4  Surgery
Surgical intervention should be reserved for refractory cases. 
Donaldson et al. propose that a minimum of 1 year should 
pass of attempted conservative treatment prior to surgical 
evaluation [27]. Surgical options include triceps debride-
ment of degenerative tendinous tissue or excision of related 
olecranon osteophytes [32].
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Lateral Elbow Disorders

Julio A. Martinez-Silvestrini

27.1  Lateral Epicondylopathy

27.1.1  Synonyms

• Tennis elbow
• Lateral epicondylosis
• Lateral epicondylalgia
• Lateral elbow tendinopathy

27.1.2  ICD-10 Codes

• M77.11 Lateral epicondylitis, right elbow
• M77.12 Lateral epicondylitis, left elbow

27.1.3  Description

Lateral epicondylopathy (LE) is the most common cause of 
elbow pain. This overuse tendinopathy occurs in approxi-
mately 1–3% of the population annually, and although it is 
commonly called tennis elbow, only 5–10% of tennis players 
develop the condition. Most patients suffering this condition 
are in their 30s and 40s, affecting males and females equally, 
and affect predominantly the dominant upper extremity. 
Most patients develop elbow pain as a result of occupational 
rather than recreational activities [1]. The lateral elbow epi-
condyle is affected four to ten times more often than the 
medial side.

27.1.3.1  Anatomy of Lateral Epicondyle
The lateral epicondyle of humerus (Fig. 27.1) serves as the 
common origin for the anconeus muscle, supinator, extensor 
carpi radialis brevis, extensor digitorum, extensor digiti min-
imi, and extensor carpi ulnaris. As an overload or overuse 
syndrome, it is commonly associated with repetitive micro-
trauma from excessive gripping or wrist extension and/or 
forearm supination. The extensor carpi radialis brevis 
(ECRB) is the most frequently affected muscle, and the supi-
nator and other extensor muscles are also commonly affected 
[1]. Lateral epicondylopathy was originally considered as an 
inflammatory process. However, the current evidence sug-
gests a tendinosis, a degenerative process characterized by 
fibroblasts, vascular hyperplasia, and disorganized collagen, 
known as angiofibroblastic hyperplasia [1, 2]. Differential 
diagnosis of lateral elbow pain is given in Table 27.1.
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27.1.4  Clinical Presentation

A patient complains of lateral elbow pain with forceful grip 
or while lifting objects with the thumb up or the hand 
pronated. Limited range of motion of the wrist and elbow 
due to pain may be observed. Hand grip strength loss and/or 
swelling at the lateral epicondyle or surrounding tissue may 
also be a presenting complaint.

27.1.5  Physical Examination

On inspection, there is no swelling, although in chronic cases, 
soft tissue swelling at the lateral epicondylar region is 
observed. There is no discoloration or bruising. There will be 
exquisite tenderness at the lateral epicondyle. Extension of the 
wrist without resistance may reproduce some of the symp-
toms, but the pain is mainly reproduced with resisted exten-
sion of the wrist or fingers of the affected limb. In severe cases, 
pain may be reproduced with full elbow extension. Decreased 
grip strength secondary to pain may be present. Normal sen-
sory exam and muscle stretch reflexes should be observed:

Special Tests
 1. Third digit extension: The patient will forward flex the 

shoulder at 90° and keep the elbow extended, wrist at neutral 

position, and fingers extended. The examiner will apply 
downward pressure at the third digit, while the patient resists 
the force. Pain will be reproduced at the lateral epicondyle or 
dorsal forearm, not at the finger or wrist (Fig. 27.2).

 2. Chair lift test: This maneuver requires the patient to lift a 
chair by the backrest with the shoulder at neutral position, 
forward flexed at 90°, the elbows extended, and forearm 
pronated (palm down) (Fig. 27.3).

27.1.6  Diagnostic Workup

 1. X-rays are typically negative in patients with lateral epi-
condylitis, although in rare instances, calcifications of 
ECRB tendon (calcific tendinopathy) or spurring at the 
lateral epicondyle may be observed. X-rays are recom-

Table 27.1 Differential diagnosis of lateral elbow pain [3]

Elbow synovitis or capsulitis Posterolateral plica
Lateral epicondylitis Posterolateral rotatory 

instability
Osteochondral defect Radial tunnel syndrome
Posterior interosseous nerve 
syndrome

Radiocapitellar 
chondromalacia

Fig. 27.2 Third digit extension test. The examiner will apply down-
ward pressure at the third digit (dotted line), distal to the proximal inter-
phalangeal joint (PIP), while the patient resists with the elbow and 
fingers extended. A positive test will reproduce the patient symptoms at 
the lateral elbow and extensor muscle mass

ca b

Fig. 27.3 Chair lift test. The patient will try to lift a chair straight up 
(solid arrow) while holding the back rest with a pinch grip (fingers and 
thumb in opposition), using one arm (a). The author recommends this 
variant of pulling with both arms (b). Alternatively, the examiners can 

use their own arm (c) to provide downward resistance (dotted line) to 
the upward motion. A positive test will reproduce the patient’s symp-
toms at the lateral elbow
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mended to rule-out other diagnosis with a similar clinical 
presentation (Table  27.1), such as arthropathy, osteo-
chondral defects, or joint loose bodies [2].

 2. Ultrasound is considered as an efficient, noninvasive, 
and relatively cost-effective imaging method for 
LE. Several findings may be observed on ultrasound 
to identify degenerative changes of the tendons, as 
bone irregularities, thickening, tears, or neovascular-
ization [2, 4].

 3. MRI can provide a better view of the complete anatomical 
structures of the lateral epicondyle. The findings observed 
in patients with LE include abnormal thickening tendon 
and increased signal intensity within the common exten-
sor origin and epicondyle [1]. MRI can also identify par-
tial- or full-thickness tears of the extensor muscle group, 
which can influence the need for surgical management 
and be helpful during preoperative planning. MRI is also 
considered to rule out intra-articular pathology. This imag-
ing modality is not recommended routinely for concerns 
of LE, as it is costly and may not change the treatment [2].

27.1.7  Treatments

27.1.7.1  Medical Management
There is no consensus in the efficacy of oral non-steroidal 
anti-inflammatory drugs (NSAIDs), compared to topical 
NSAIDs. Due to the avascular nature of the ECRB and com-
mon extensor tendons, oral NSAIDs tend not to be as effec-
tive in controlling pain or inflammation and are normally 
contraindicated in patients with cardiovascular, renal, and 
severe hepatic disease or patients with gastrointestinal sensi-
tivity to NSAIDS or history of gastrointestinal bleeding. 
Topical NSAIDs tend to be effective in controlling soft tissue 
swelling and minimizing pain with minimal systemic absorp-
tion. Placebo-controlled trials demonstrated topical NSAIDs 
are effective within 4 weeks in the treatment of LE [2]. Nitric 
oxide and topical glyceryl trinitrate patch is another modal-
ity that has been shown to be effective in the treatment of LE, 
as well [5–7].

Counterforce bracing or tennis elbow brace is often used 
in the treatment of LE.  Using counterforce braces can 
decrease pain by pressing on the forearm extensor muscles, 
dispersing the stress on the lateral epicondyle. Stabilizing the 
wrist in neutral position with a cock-up wrist splint may also 
help reduce the insertional pull of forearm extensors and 
decrease symptoms. Biomechanical studies have shown that 
immobilizing the forearm with braces can significantly 
lessen the stress on the ECRB origin, decrease the frequency 
and severity of pain, and improve elbow function, compared 
with the placebo group [2].

27.1.7.2  Rehabilitation
Strengthening does not seem to have an overall effect on 
patient pain or function long term. The most important com-
ponents of rehabilitation of lateral epicondylopathy are 
 education, activity modifications, and regaining the tendon 
length to enable normal wrist extensor dynamics [8].

A rehabilitation program consisting of 4–6 visits, pro-
gressing to an independent home exercise regimen on edu-
cation, stretches, activity modification, and pain 
management techniques, is possible and effective at reduc-
ing pain and increasing function in patients. Despite eccen-
tric strengthening exercises that have been used successfully 
in the management of other tendinopathies, the addition of 
eccentric exercises failed to improve rehabilitation out-
comes, as demonstrated by the author and confirmed by 
more recent studies [8, 9].

27.1.7.3  Procedures
Corticosteroid local injections may be considered in patients 
with subacute or chronic LE. They are not recommended for 
patients with acute onset of pain, as they have not proven to 
be effective in the acute setting. Corticosteroid injections are 
superior to NSAIDs at 4 weeks, without long-term benefits 
at 1  year. Despite its short-term pain relief, corticosteroid 
injections are inferior to a wait-and-see approach or physical 
therapy at 1-year follow-up. Multiple injections may result in 
iatrogenic tendon rupture and muscle atrophy [2].

The use of regenerative biologic products has become 
very popular recently in the management of chronic condi-
tions as LE. Some of the treatments that have been studied 
include autologous blood injections (ABI) and platelet-rich 
plasma injections (PRP). ABI’s work mechanism includes 
initiating the inflammatory response around the affected ten-
don, which may result in cellular and humoral mediators. 
ABI may also deliver growth factors promoting collagen for-
mation and healing. The current evidence suggests that ABI 
can achieve good outcomes in the short term, but no benefit 
in long-term follow-up has been observed. PRP theoretically 
works by releasing high concentrations of platelet-derived 
growth factors enhancing wound, bone, and tendon healing. 
The current evidence yields conflicting results [2]. There is 
some evidence that PRP injection may reduce the need for 
surgical intervention in intractable lateral epicondylitis [10].

27.1.7.4  Surgery
Surgical intervention (open, percutaneous, or arthroscopic) 
can be an option for patients with persistent pain and disabil-
ity that have failed appropriate nonoperative management. 
The current studies indicate fair to good results for these pro-
cedures and should be offered to patients that fail a course of 
conservative care including analgesics, rehabilitation, and 
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possibly injections. The specific surgical techniques are dis-
cussed in the Chap. 30.

27.2  Osteochondritis Dissecans 
of the Capitellum

27.2.1  Synonyms

OCD

27.2.2  ICD-10 Codes

• M93.22 Osteochondritis dissecans of elbow
• M93.221 Osteochondritis dissecans, right elbow
• M93.222 Osteochondritis dissecans, left elbow

27.2.3  Description

Osteochondritis dissecans of the elbow (OCD) is often 
observed in the humeral capitellum in skeletally immature 
adolescent athletes. The etiology of capitellar OCD is still 
unclear, but genetic predisposition, microtrauma, and isch-
emia appear to play a critical role in the development of this 
condition. Repetitive valgus, hyperextension, and compres-
sion of the poorly vascularized capitellum [11] and radio-
capitellar joint are postulated as the causes of capitellar OCD 
and are commonly observed in gymnasts and overhead- 
throwing athletes. In overhead-throwing athletes, the elbow 
is subjected to valgus overload with significant compression 
stress applied to the radiocapitellar joint, specifically during 
the late cocking and early acceleration phases of throwing 
[12]. This diagnosis is commonly confused with osteochon-
drosis or Panner’s disease, which occurs in younger patients 
and will be discussed later in this chapter. Classification of 
the OCD is outlined in Table 27.2.

27.2.4  Clinical Presentation

The patients with this diagnosis are typically older than 
11 years of age but still skeletally immature. They may com-
plain of vague pain and stiffness deep at the lateral elbow, 

worsened with activity, and relieved by rest. The symptoms 
tend to start gradually and usually become chronic. It is not 
uncommon for athletes to be diagnosed over 1 year after the 
onset of symptoms [11].

27.2.5  Physical Examination

Patients regularly present with swelling in the elbow. On 
inspection they hold their elbow in flexion, and they may 
have an elbow extension lag, in the later stages of the dis-
ease. An elbow effusion may be observed. A normal neuro-
vascular examination is expected. Locking of the elbow may 
be suggestive of an intra-articular loose body.

27.2.5.1  Diagnostic Workup
Radiography of the elbow is commonly performed as the 
first diagnostic study. As typical OCD lesions are in the ante-
rior aspect of the capitellum, the anteroposterior (AP) view 
with the elbow in 45° of flexion is recommended for throw-
ing athletes. In the case of gymnasts, AP views with the 
elbows at 30° of flexion may be more accurate. 
Ultrasonography is effective in detecting early-stage capitel-
lar OCD and may be helpful for athletes that do not partici-
pate in overhead-throwing sports with suspicion of this 
diagnosis. Computer tomography (CT) scan is usually 
reserved for patients with advanced OCD. CT appears to be 
more sensitive and superior to MRI in the classification of 
OCD, with a sensitivity of 100% (CT) vs 96% (MRI) [11–
13]. Some investigators do not recommend CT for patients 
that will be treated conservatively. As the patients are not 
exposed to radiation during MRI, it may be a superior imag-
ing tool in the pediatric population.

27.2.6  Treatments

27.2.6.1  Medical Management
Short courses of immobilization and NSAIDs may be 
considered.

27.2.6.2  Rehabilitation
 1. The first step to determine the adequate treatment of 

OCD is to classify the lesion to determine whether it is 
stable or unstable. This will determine the type of treat-
ment and is closely related to the prognosis (Table 27.2). 
A stable lesion will most likely heal naturally with rest 
of the elbow, but when a lesion has become unstable or 
fragmented, surgery provides significantly better results 
[11]. Stable lesions are characterized by an immature 
capitellum with an open growth plate, and flattening or 
radiolucency of the subchondral bone, in a patient with 
(almost) normal elbow motion. Unstable lesions have at 

Table 27.2 Minami classification of osteochondritis dissecans

Minami classification of osteochondritis dissecans [13]
Grade 1: A stable lesion with a translucent cystic shadow in the 
capitellum
Grade 2: Clear zone between the OCD and adjacent subchondral 
bone
Grade 3: The articular surface separates and forms a loose body
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least one of the following findings: a capitellum with a 
closed growth plate, fragmentation, restriction of elbow 
motion 20°, or more [13]. The mainstay of care for non-
operative management of this condition is rest. Patients 
with a stable lesion should not be participating in activ-
ities that aggravate the elbow pain and symptoms, 
including conditioning exercises, weight-bearing on 
the upper extremities, or weightlifting. Throwing 
should be avoided. General conditioning exercises as 
running, lower extremity strengthening and stretching, 
and core stability work without upper extremity stress 
is advised.

 2. Suboptimal throwing mechanics may result in this condi-
tion as poor throwing mechanics can result in increased 
valgus stress to the elbow. For which, adequate throwing 
technical training is recommended.

 3. Mechanical stress to the elbow during upper extremity 
weight-bearing may contribute to development of the 
capitellar OCD in gymnasts. Gymnasts who develop cap-
itellar OCD tend to demonstrate scapular dyskinesis like 
baseball players. Elbow “locking” or hyperextension can 
also cause excessive stress to the radiocapitellar joint. 
Scapular stabilizer exercises and avoiding elbow hyper-
extension are recommended during their return to sports 
participation training.

 4. Both proper technique training and periscapular condi-
tioning may have a role in prevention of OCD.

27.2.6.3  Procedures
Regenerative biologic products have been used in combina-
tion with surgical care. At this time, there is no evidence of 
orthobiologics use independent of surgical interventions 
[14].

27.2.6.4  Surgery
It is estimated that more than 50% of OCD can be treated 
conservatively. Surgical treatment is recommended for those 
that fail conservative management and patients with unstable 
(as described above in the rehabilitation section), displaced, 
or fragmented lesions [13]. Surgical procedures include 
arthrotomy with loose body removal, curettage of the resid-
ual osteochondral defect, and arthroscopic debridement and 
microfracture procedures. Elbow arthroscopy is considered 
the standard of care and allows for a minimally invasive 
detailed lesion assessment and treatment. Even with surgical 
care, the prognosis of advanced osteochondral lesions is 
guarded [13, 15]. Open procedures are commonly recom-
mended for patients that fail arthroscopic surgery. Good 
clinical results were observed in patients with open growth 
plates and shorter duration of symptoms. However, only 
about 2/3 of patients returned to high-level sports participa-
tion [16].

27.3  Osteochondrosis of the Capitellum

27.3.1  Synonyms

Panner’s disease

27.3.2  ICD-10 Codes

M92.0 Juvenile osteochondrosis of humerus

27.3.3  Description

Osteochondrosis of the capitellum (Panner’s disease) is a 
rare medical condition associated with irregularity of the 
humeral capitellum on plain radiographs. Panner’s disease 
(PD) occurs after the appearance of the ossification nucleus 
of the capitellum, in patients typically younger than 11 years 
of age [17]. It has been reported more commonly in males, 
and the dominant arm tends to be more commonly involved. 
As this is an uncommon condition, good-quality demo-
graphic studies are not available [17]. The author observed 
most initial studies on this diagnosis were done between 
1927 and 1970, according to a recent review bibliography, 
when boys were more likely to participate in sports. It is 
unclear to the author if the reason for males to be more com-
monly seen with this diagnosis is secondary to selection bias 
or delayed ossification compared to females [17]. It has been 
associated with direct trauma and repetitive microtrauma, as 
well as increased valgus stress and compression to the lateral 
elbow, specifically in sports like baseball and gymnastics. 
This diagnosis is commonly confused with osteochondritis 
dissecans (OCD), described above.

27.3.4  Clinical Presentation

Patients with Panner’s disease complain of limited range of 
motion, pain, and/or swelling. Stiffness and increased elbow 
temperature have also been observed. Regularly the symp-
toms worsen by activity and relieved with rest. Duration of 
symptoms may vary from a few weeks to years.

27.3.5  Physical Examination

On inspection, there is objective evidence of inflammation 
with swelling, small elbow effusion, redness, and/or 
increased temperature. Limited range of motion of approxi-
mately 20° is the most common feature and seen in 77% of 
patients. An extension lag is more common, although cases 
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with limited elbow flexion have also been reported [17]. No 
elbow locking and sensorimotor deficits are expected in this 
diagnosis. Ligamentous examination of the elbow is normal, 
yet patients may feel lateral elbow pain on valgus stress 
(Fig. 27.4).

27.3.6  Diagnostic Workup

X-rays of the elbow reveal the following changes in the capi-
tellum: irregularity of the epiphysis, irregularity of the capi-
tellum contour, sclerosis, and/or flattening of the capitellum. 
Destruction of the epiphysis or lytic lesions has been reported 
in rare instances. MRI of the elbow reveals joint effusion 
with decreased T1 signal of the capitellum. Bone scan will 
show increased radionuclide capitellar uptake.

27.3.7  Treatments

27.3.7.1  Medical Management
PD is considered a self-limiting disease, in which immobili-
zation and relative rest are the mainstays of care. Avoidance 
of activities that worsen the elbow symptoms as throwing 
and lifting heavy objects are recommended. Some investiga-
tors suggest immobilizing the elbow and use of NSAIDs. 
There is no consensus on the length of immobilization and 
the degree of flexion in immobilization. As the elbow is a 
joint that is known to react by a precipitous loss of motion 

[18] even after minor injuries, it is the recommendation of 
the author to minimize the use of plaster immobilizers and 
instead consider the use of shoulder sling, progressing to a 
soft elbow brace or hinged elbow braces.

27.3.7.2  Rehabilitation
Gradual pain-free return to activities is recommended with 
an emphasis in regaining ROM. Follow-up X-rays are rec-
ommended. Most patients will have a full recovery and bony 
healing, although in some cases, persistent flattening or scle-
rosis of the capitellum with reduced ROM may be observed.

27.3.7.3  Procedures
None

27.3.7.4  Surgery
Failure to respond to treatment may require arthroscopic sur-
gical debridement. Surgeries in elbows are discussed in 
Chap. 30.

27.4  Lateral Collateral Ligament Complex 
Injury

27.4.1  Synonyms

Radial collateral ligament sprain

27.4.2  ICD-10 Codes

• S53.43 Radial collateral ligament sprain
• S53.431 Radial collateral ligament sprain of right elbow
• S53.432 Radial collateral ligament sprain of left elbow

27.4.3  Description

The lateral collateral ligamentous complex is composed of 
the lateral ulnar collateral ligament (LUCL), annular liga-
ment (AL), and radial collateral ligament (RCL). Injuries to 
the lateral ligamentous complex (LLC) are considered the 
primary lesion associated with elbow dislocations. The 
mechanism of injury of the LLC includes trauma, previous 
elbow surgery, corticosteroid injections, severe LE, and 
cubitus varus deformities [19].

27.4.4  Clinical Presentation

Injury to the LLC typically occurs after elbow dislocations. 
This type of injury typically occurs secondary to a fall on an 
outstretched hand, generating an axial load, and valgus stress 

Fig. 27.4 Elbow valgus stress. The examiner will provide medial 
elbow stress, applying a lateral force to the distal forearm (arrow) while 
stabilizing the distal humerus with the opposite hand. Positioning the 
shoulder of the limb to be examined in full external rotation makes this 
test easier while the patient is sitting, as the shoulder capsule will pro-
vide stability to the humerus. This test is usually performed to test the 
medial collateral ligament and other medial structures of the elbow, but 
lateral elbow pain may be observed in patients with PD
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to the elbow. This causes the radial head and proximal ulna 
to subluxate posterolaterally, detaching or tearing the lateral 
collateral ligament [19]. Patients may present primarily with 
vague, lateral-sided pain rather than complaining of symp-
toms of instability. Clicking and popping at the elbow may 
be present. Transient elbow deformity may be a sign of epi-
sodic subluxations.

Some patients with elbow dislocations will develop 
chronic laxity of the LLC, resulting in posterolateral rotatory 
instability of the elbow, which can result in pain and func-
tional limitation. This rotary instability may range from 
elbows subluxation to gross, recurrent elbow instability [20].

27.4.5  Physical Examination

On inspection, when the radial head is subluxed, an indenta-
tion may be observed in the lateral aspect of the forearm. 
There may be tenderness to palpation at the radial head and 
proximally at the lateral elbow. Range of motion is generally 
normal, but patients may feel instability with active or 
resisted elbow extension. Neurovascular examination of the 
upper extremity is typically normal.

Special Tests
 1. Posterolateral rotatory drawer test: It is the most sensi-

tive maneuver for posterolateral elbow instability, but it 
may be difficult if the patient is not fully relaxed [20]. 
The arm is stabilized between the trunk and arm of the 
examiner. To examine the right upper extremity, it is rec-
ommended that the examiner secures the right limb of the 
patient by the examiner’s left side of the trunk and the left 
upper extremity. The humerus is held securely, while a 
posterolateral rotatory force is applied to the proximal 
radius (Fig. 27.5).

 2. Push-up tests: The patient will start with the elbows fully 
flexed and do a push-up on a table or while holding a 
chair arm rest (chair push-up test). The test is positive if 
the patient feels instability (apprehension) moving from 
elbow flexion to extension (Fig. 27.6). Symptoms improve 
if the test is repeated with the forearm in the pronated 
position [21].

27.4.6  Diagnostic Workup

AP, lateral, and oblique radiographic views of the elbow are 
routinely negative, but occasionally posterolateral sublux-
ation of the radial head may be observed. CT should be con-
sidered in skeletally immature patients with elbow instability, 
specifically looking for dysplasia of the coronoid, radial 
head, or trochlea. CT with 3D reconstruction is normally 
preferred to see these deformities. Impaction injuries of the 

capitellum may also be seen in CT scan. MRI may reveal 
disruption in the lateral ligamentous complex. Examination 
under fluoroscopy or ultrasound guidance may be helpful 
making the diagnosis of dynamic instability [21].

Fig. 27.5 Posterolateral rotatory drawer test: The distal upper extrem-
ity is secured between the trunk and arm of the examiner. The humerus 
is held securely with one hand, while a posterolateral rotatory force is 
applied to the proximal radius (arrow) with the opposite hand. Maximal 
instability generally occurs between 20° and 40° of elbow flexion

Fig. 27.6 Push-up tests: The patient will start with the elbows fully 
flexed and do a push-up and extend both elbows while holding a chair 
arm rest. The test is positive if the patient feels instability moving from 
elbow from flexion to extension

27 Lateral Elbow Disorders
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27.4.7  Treatments

27.4.7.1  Medical Management
If there is a complex injury to the lateral collateral ligament, 
there is usually no role for conservative care. Immobilization 
in a position of stability (based on physical exam) is recom-
mended. Plaster or locked hinged braces limiting the range of 
motion to the range in which the elbow is stable can be used 
until definite surgical treatment. Prolonged immobilization 
for more than 3 weeks often results in elbow stiffness [18].

27.4.7.2  Rehabilitation
A rehabilitation trial may be considered for patients with 
mild elbow instability symptoms and no bony abnormalities. 
The common extensor tendon originates at the lateral aspect 
of the distal humerus, with the ECRB attachment extending 
distal to the radiocapitellar joint line and can provide 
dynamic elbow stability [19]. For which strengthening of 
wrist extensors, elbow supination and finger extensors may 
result in increased lateral elbow stability. Ergonomic evalua-
tion and education on avoiding activities that promote insta-
bility is recommended.

27.4.7.3  Procedures
Regenerative biologics (such as PRP) have been extensively 
used in the treatment of medial elbow pain and medial ulnar 
collateral ligament injuries, as well as for the treatment of 
LE, but no evidence of its use on LLC injuries was found.

27.4.7.4  Surgery
Surgery is generally recommended in patients with traumatic 
lateral ligamentous complex injury and patients with symp-
tomatic elbow instability. Surgical procedures include acute 
ligament repair or reconstruction in patients with severe or 
chronic instability. Surgeries in elbows are discussed in 
Chap. 30.
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Medial Elbow Disorders

Eric W. Pettyjohn and Jason L. Zaremski

28.1  Medial Epicondylopathy 
(Epicondylosis)

28.1.1  Synonyms

• Golfer’s elbow
• Baseball elbow
• Little league elbow

28.1.2  ICD-10 Codes

M77, M77.00, M77.01, M77.02

28.1.3  Description

Medial epicondylopathy (ME) is a relatively common injury 
that may affect as many as 3.8–8.2% of patients with occupa-
tional settings requiring repetitive forceful grip, manual han-
dling of loads over 20 kg, or exposure to constant vibratory 
forces at the elbow [1, 2]. The injury occurs primarily due to 
repetitive eccentric loading of the forearm flexor-pronator 
tendon group, a common flexor tendon (CFT), that conducts 
wrist flexion and forearm pronation, as well as valgus strain 
of the elbow [3]. The flexor-pronator tendon is made up of 
five muscles: the pronator teres, flexor carpi radialis, pal-
maris longus, flexor carpi ulnaris, and flexor digitorum 
superficialis [4]. This injury is common in overhead athletes 
due to the valgus strain that occurs with stabilization of the 

elbow joint from eccentric contraction of the CFT [4]. The 
action of wrist flexion and forearm pronation during ball 
release places additional stress on the CFT. This supraphysi-
ologic stress eventually results in peritendinous inflamma-
tion that, if continued, will result in angiofibroblastic 
hyperplasia [4]. This hyperplasia replaces normal tendon 
with fibroblastic, calcific tissue [4].

An important alternative diagnosis that can be a sequela 
of ME in a patient with medial elbow pain, especially one 
that participates in an overhead sport, is an avulsion fracture 
of the medial epicondyle. This type of injury is typically seen 
in between the ages of 9 and 14 years of age [5]. Mechanisms 
of injury that have been proposed include direct trauma, 
increased sudden tension of the flexor-pronator tendon group 
on the epicondyle itself, elbow dislocation in which the UCL 
provides the avulsion force, and a chronic, stress-related 
injury. Chronic injuries are most often seen in childhood or 
adolescent baseball pitchers who either have high pitch 
counts or limited rest in between pitching episodes [6]. 
Differential diagnosis of medial epicondylopathy is pre-
sented in Table 28.1.

28.1.3.1  Clinical Presentation
It is important to inquire about a patient’s job or take into 
account an athlete’s sports when they present to the clinic 
with medial elbow pain. In the athlete, this condition is pri-
marily associated with overhead-throwing sports and/or 
sports with grip, such as golf and/or tennis; however, other 
sports including football, weightlifting, and bowling have 
been documented in the literature [2]. Patients present with 
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medial elbow pain that can be localized to a location of max-
imal pain at the medial epicondyle, with radiation into the 
proximal forearm. The pain is commonly insidious in onset 
and does not necessarily resolve with rest. In athletes specifi-
cally, they may note that the pain is at its worst during the 
late cocking phase in overhead throwing or early accelera-
tion phase in the tennis player or golfer [7].

28.1.3.2  Physical Examination
Patients with ME typically do not show any abnormalities of 
the elbow on inspection; however, some may present with a 
flexion contracture due to pain and guarding. Most patients 
have full active and passive range of motion at the elbow and 
wrist. Physical examination is significant for tenderness to 
palpation approximately 5–10 mm distal and anterior to the 
medial epicondyle with soft tissue swelling [3]. Strength 
testing with resisted wrist flexion, forearm pronation, and 
grip strength may elicit medial elbow pain, as well as weak-
ness in these maneuvers when compared to the contralateral 
side. Patients should be neurovascularly intact in the affected 
extremity.

However, it should be noted that an avulsion fracture may 
present with soft tissue swelling on inspection, with crepitus 
of the medial epicondyle on palpation, and decreased range 
of motion if the fracture fragment is entrapped within the 
joint [5].

28.1.3.3  Diagnostic Work-up

 1. X-ray: X-ray is not the imaging modality of choice for 
diagnosing ME, but radiographs may reveal up to 25% 
may show signs of calcification of the CFT [3]. In regard 
to an avulsion fracture, X-ray is the imaging modality of 
choice for diagnosis and includes AP, lateral, and oblique 
views to help with assessing fracture displacement [5].

 2. Ultrasound: Diagnostic accuracy is highly dependent on 
the operator but can be a cost-effective option to visual-
ize pathology in the CFT.  Park et  al. showed that an 
ultrasound performed by a trained radiologist had sen-
sitivity, specificity, and positive and negative predictive 
values greater than 90% for the diagnosis of ME in 
patients who had been diagnosed with the condition 
based on their symptoms and clinical signs on physical 
examination [8]. The most commonly discovered find-
ing was hypoechoic or anechoic areas of tendon degen-
eration. Ultrasound also allows for dynamic examination 
of the tendon through range of motion and strength 
testing.

 3. Magnetic resonance imaging: MRI is the standard of care 
for radiologic detection of ME. Advanced imaging with 
MRI is chosen when either there is high concern for con-
comitant pathology or the clinical picture is unclear when 

deciding the source of the medial elbow pain. When 
reviewing the image sequences, increased signal intensity 
at the CFT, especially with associated peritendinous 
edema on T2-weighted images, is the most specific find-
ing of ME [9].

28.1.4  Treatments

28.1.4.1  Medical Management
Non-steroidal anti-inflammatory drugs (NSAIDs) may pro-
vide pain relief and can be used for 1–2 weeks as tolerated 
by the patient. The clinician should be sure to take into 
account the patient’s medical history, including a history of 
hypertension, coronary artery disease, chronic kidney dis-
ease, history of gastrointestinal bleed, and/or gastric ulcer 
prior to initiating NSAID therapy. NSAIDs are particularly 
effective in reducing the synovitis accompanied with CFT 
degeneration [3].

28.1.4.2  Rehabilitation
In ME, patients should initially refrain from activities that 
exacerbate their symptoms, especially activities that require 
repetitive wrist flexion, forearm pronation, and valgus stress 
of the elbow [4]. Once acute symptoms improve, the focus is 
on flexor-pronator mass stretching and strengthening. 
Initially, the return of full, painless range of motion is the 
goal with implementing open-chain exercises and self- 
directed passive stretching techniques [4]. Once there is no 
pain with functional motion, tendon strengthening is focused 
on with concentric exercises to increase flexor-pronator 
strength. Finally, eccentric strengthening exercises are added 
[4]. Return to sport is generally recommended in a stepwise 
manner once the patient can tolerate sprint repetitions of 
concentric and eccentric resistance exercises [3].

Regarding avulsion fractures, nondisplaced and mini-
mally displaced (5 mm or less) fractures can be treated non- 
operative with cast or hinge brace immobilization for a 
period of 4 weeks. Then, a progressive physical therapy is 
routine focused on initially regaining full range of motion 
and then establishing full strength of the affected extremity 
[5, 10].

28.1.4.3  Procedures

Extracorporeal shockwave therapy (ESWT) It provides 
electrical stimulation to the diseased tendon to help promote 
angiogenesis, tendon healing, and pain relief [11]. Long- 
term outcomes were not promising in one study. Only 7 of 30 
patients reported either excellent or good results at 1  year 
follow-up after ESWT sessions were completed on a weekly 
basis [12].
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Platelet-rich plasma (PRP) In a study by Halpern et  al., 
the utilization of PRP was significantly effective in treating 
ME from a clinical and structural standpoint. Further, PRP 
was linked to reduced needs for narcotic medication, 
improved sleep, and reduction in perception of pain [13]. 
However, the study noted unanswered questions in regard to 
the optimal concentration of platelets, what cell types should 
be present, and ideal application frequency that still need to 
be explored [13].

Percutaneous ultrasonic tenotomy (PCU) Limited data is 
available but is promising in highlighting its use in patients 
with tendinopathy refractory to conservative measures. In a 
systematic review by Vajapey et  al., percutaneous ultra-
sonic tenotomy resulted in decreased pain/disability scores 
and improved functional outcome scores for chronic elbow 
tendinopathy [14]. When comparing PCU to PRP, both 
were successful in producing clinically and statistically 
significant improvements in pain, function, and quality of 
life; however, there was no statistical significance found 
between the two [15].

Bone marrow aspirate concentrate (BMAC) To date, no 
research studies are available evaluating BMAC therapy for 
ME. However, stem cell therapy was beneficial from a pain, 
function, and improving the structural defect seen on ultra-
sound in patients with lateral epicondylitis consistently from 
2 to 52 weeks post-injection [16].

28.1.4.4  Surgery
Surgery for ME is typically reserved for patients with recur-
rent and/or persistent symptoms despite nonsurgical man-
agement for at least 4–6 months [4]. However, an elite athlete 
with definitive tendon disruption on MRI may return to pre-
injury performance levels with early surgical intervention, 
compared to initial nonsurgical treatment [3]. Common sur-
gical management involves an open procedure with debride-
ment of injured tissue of the CFT and tendon repair [3].

The decision for surgical intervention of an avulsion frac-
ture includes absolute and relative indications. Absolute 
indications include open fractures and fracture fragments 
that are within the joint [17]. Relative indications are contro-
versial in the literature but can include valgus instability, ath-
letes with high-demand elbow function in their sport, and 
associated ulnar nerve dysfunction [5]. Typically, if the dis-
placement is greater than 5 mm, this is an indication for a 
surgical consultation. Multiple studies have shown either 
good to excellent results with open reduction and internal 
fixation or continued radiographic findings of nonunion with 
non-operative treatment with fractures having a displace-
ment of greater than 5 mm [18–20]. Surgeries in the elbow 
are further discussed in Chap. 30.

28.2  Ulnar (Medial) Collateral Ligament 
Injury

28.2.1  Synonyms

Tommy John injury

28.2.2  ICD-10 Codes

S53.441, S53.442, S53.449, S53.31

28.2.3  Description

The elbow is a hinged joint that is composed of three articu-
lations: the radiocapitellar joint, the ulnohumeral joint, and 
the proximal radioulnar joint. All three joints are enclosed by 
a single fibrous and synovial capsule that thickens and create 
the medial and lateral ligaments of the elbow [21]. The con-
figuration of the joint itself provides stability of the elbow 
against varus and valgus stress at less than 20 degrees and 
more than 120 degrees of flexion; however, between these 
angles, stability is heavily provided by the medial and lateral 
ligaments of the elbow [22]. The ulnar collateral ligament 
(UCL) is composed of three parts: an anterior oblique liga-
ment, a fan-shaped posterior oblique ligament, and a trans-
verse oblique ligament. The transverse oblique is relatively 
nonfunctional in terms of stability [22]. It has been shown 
that the anterior oblique ligament is the primary stabilizer to 
valgus stress.

UCL injury occurs due to repetitive extremes of high 
force valgus stress of the ligament. This injury can be seen in 
any overhead-throwing athlete or any athlete that performs 
high-velocity overhead rotation motions such as baseball, 
softball, American football quarterbacks, Javlineers, gym-
nastics, tennis, golf, wresting, hand ball, and water polo [23]. 
The ligament is specifically vulnerable during the late cock-
ing and early acceleration phases of the throwing motion 
with the arm abducted to 90 degrees, externally rotated at the 
shoulder, and flexed 90 degrees or greater at the elbow [24]. 
This portion of the throwing motion places maximum valgus 
stress on the elbow, which can lead to chronic microtrauma 
or eventual complete rupture of the ligament. There has been 
a rising incidence of UCL injury across age groups and skill 
levels over the past couple of decades. The incidence of UCL 
rupture in baseball players in 15- to 19-year-olds increased 
by more than 9% between 2007 and 2011 [25]. In Major 
League Baseball, 24.1% of all elbow injuries from 2011 to 
2014 were due to UCL-related injury [26]. Further, the prev-
alence of UCL reconstruction (UCL-R) in all professional 
pitchers was 13% with major league pitchers reporting 26% 
prevalence of UCL-R [27].
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28.2.4  Clinical Presentation

Given this injury is prevalent in overhead-throwing sports, it 
is important to determine the patient’s athletic participation 
and level of competition. Injuries to the UCL can be acute or 
chronic, and they present in slightly different ways. Acute 
injuries make up approximately two-thirds of injuries and 
present with intense pain during throwing followed by an 
inability to continue [28]. Some athletes may feel a “pop” in 
their elbow after a specific pitch without having prior elbow 
pain [29]. Chronic injuries have an insidious onset and pres-
ent over a longer period of time with symptoms of medial 
elbow pain while throwing combined with decreased throw-
ing velocity and accuracy as well as decreased sport perfor-
mance as listed in Table 28.2 [24].

28.2.5  Physical Examination

Physical examination should include inspection, palpation, 
range of motion, and neurological examination of both the 
affected and unaffected sides. Inspection should be used to 
rule out other pathologies as UCL injury does not typically 
cause a joint effusion or overlying skin changes. Patients typi-
cally have tenderness to palpation at the medial epicondyle 
and/or at the sublime tubercle, where the ligament inserts 
[24]. Passive and active range of motion (ROM) is typically 
preserved in isolated UCL injuries, but loss of extension or 
pain with terminal extension can indicate an associated pos-
teromedial impingement. Shoulder ROM should be evalu-
ated, including a patient’s total arc of motion. Total arc of 
motion is evaluated by placing the patient in 90 degrees of 
shoulder abduction and combining the measurements of max-
imal internal and external rotation [30]. In a study by Ruotolo 
et al., college-level baseball players with shoulder pain had a 
significant decrease in total arch of motion and internal rota-
tion when compared to their nondominant shoulder and with 
pain-free athletes [30]. This loss of motion has been associ-
ated with conditions such as scapular dyskinesis and glenohu-
meral internal rotation deficit (GIRD) [31].

28.2.5.1  Special Tests

 1. Milking maneuver: The patient should be placed in 90 
degrees of shoulder abduction and elbow flexion and 
forearm sully supinated while pulling the patients thumb 
posteriorly to apply a valgus load. The presence of pain, 
instability, or apprehension is a positive test [29] (see 
Fig. 28.1).

 2. Moving valgus stress test: The patient should be placed in 
90 degrees of shoulder abduction with maximal external 
rotation and full flexion of the elbow. Then a valgus stress 
is applied to the elbow while quickly extending the elbow 
to 30 degrees. Eliciting pain indicates a positive test [32].

28.2.5.2  Diagnostic Workup

 1. X-ray: Radiographs can be used to evaluate for any asso-
ciated osseous abnormalities of the elbow; this could 
include olecranon osteophytes, loose bodies, ligament 
avulsions, and calcification of the UCL.  Utilizing non- 
stressed and stressed radiographs to determine ligament 
insufficiency has shown conflicting results; therefore, a 
negative stress radiograph should not be used to rule out 
UCL pathology [24].

Table 28.2 Differential diagnosis of ulnar collateral ligament injury

Ulnar neuritis
Ulnar nerve subluxation
Subluxation of medial head of triceps
Medial epicondylopathy
Osseous fragmentation or avulsion or loose body
Valgus extension overload syndrome
Stress reaction/fracture of bone

Fig. 28.1 Milking maneuver. While the affected limb’s elbow is flexed 
to approximately 90 degrees, the examiner grabs the patient’s thumb 
and applies a valgus load with a posterior strain (arrow). Pain, instabil-
ity, or apprehension is considered a positive test
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 2. Ultrasound: Stress ultrasonography can be an accurate, 
cost-effective, and timely imaging modality to detect 
medial elbow gapping seen in UCL injury as well as liga-
mentous changes. One recent study compared the dis-
tance in joint space gapping with stress ultrasonography 
of cadaveric elbows with different anatomical locations 
of partial UCL tears: distal anterior/posterior, midsub-
stance anterior/posterior, and proximal anterior/posterior. 
Both distal partial tear groups had mean gapping distance 
similar to intact UCLs [33]. Midsubstance partial tears 
had the largest distance, similar to those of complete tears 
[34]. These findings suggest that whether non-operative 
treatment or early reconstruction is recommended could 
depend on where the partial tear occurs. UCL ruptures 
can present as discontinuity of the ligament with anechoic 
fluid of a heterogeneous echogenicity [35].

 3. MRI or MRI arthrography: Advanced imaging with MRI 
or MRI arthrography (MRA) is the best way to visual-
ize both full- and partial-thickness tears of the UCL 
along with other concomitant elbow pathologies. 
Specifically, MRA has been shown to be more accurate 
than MRI for the diagnosis of UCL tears (sensitivity 
and specificity, 92% and 100%, respectively, compared 
to 57% and 100%, respectively) [36]. Abnormal appear-
ance on MRI depends on the acuity and severity of the 
injury. Sprains are demonstrated by ligament thicken-
ing and signal hyperintensity with no area of disconti-
nuity. Acute, complete tears show increased T2 signal 
within and around the ligament [35]. Partial tears pres-
ent as focal areas of disruption of the ligament with 
increased signal [35].

28.2.6  Treatments

Tailoring treatment options for each patient will require tak-
ing into account the age, athletic level, desire to return to 
competitive play, and potentially location of the tear. Unless 
there is evidence of a complete tear, pediatric athletes should 
be managed initially non-operatively due to injury in this age 
group which is typically a result of poor throwing technique 
and overuse [37]. However, location of injury is important to 
note as research indicated that distal partial tears more likely 
to fail non-operative treatment compared to proximal partial 
tears [38].

28.2.6.1  Medical Management
When beginning non-operative treatment, all patients should 
be initially managed with a period of rest, ice, and poten-
tially anti-inflammatory medications if pain control is 
needed. Patients should also be counseled to avoid valgus 
stress to the elbow to help with decreasing inflammation and 
to avoid any further stress on the ligament [39].

28.2.6.2  Rehabilitation
When taking an initial conservative approach, a gradually 
progressive physical therapy program beginning after the 
initial rest period is recommended. Strengthening and 
stretching exercises of the wrist extensors and flexors, 
improving shoulder motion, and periscapular strengthening 
should be focused on at first [40]. Further, proprioceptive 
training, lower body strength, and core training should be 
implemented to help strengthen the entire kinetic chain to 
help prevent future injuries [40]. Once a patient has pain-free 
full range of motion, pain-free with valgus stress, and full 
strength of shoulder and elbow, sports-specific related activi-
ties and an interval throwing program can be started [39, 40]. 
If the patient experiences pain at any point during the reha-
bilitation process, the elbow should be rested. Once symp-
toms resolve, rehabilitation can be started again either from 
the beginning or an earlier phase of the protocol [40].

If surgery is indicated, the rehabilitation process varies 
compared to the conservative approach. During the initial 
month of therapy, goals are to protect healing tissue, decrease 
pain and inflammation, and begin the process of restoring 
range of motion. During the initial postoperative week, the 
elbow is fixed in 90 degrees of flexion and allowed to rest. At 
week 2, a functional brace is applied, and the patient is 
allowed limited ROM with a goal of achieving a ROM of 
roughly 30–100 degrees. Initiating wrist ROM and gripping 
exercises, as well as scapular and shoulder isometrics, is 
important. During the second month of rehabilitation, full 
ROM with flexion and extension should be achieved. 
Initiating light resistance exercises (one pound) of wrist 
curls, extension, pronation/supination, and elbow flexion/
extension is begun, as well as incorporating a strengthening 
program for the rotator cuff. Elbow bracing is typically dis-
continued once full range of motion is achieved, usually by 
8 weeks. During the third month, the major goal is to obtain 
full strength in the entire upper extremity. Typically, throw-
ers will begin a throwing program at 4 months with a gradual 
return to competitive throwing at around 6  months 
(Ellenbecker) [41]. It is important to emphasize the contin-
ued need for incorporating flexibility and strengthening exer-
cises for the elbow and shoulder into their training program 
to help prevent reinjury.

28.2.6.3  Procedures

 1. Platelet-rich plasma (PRP) injection is a sample of autol-
ogous blood that contains an increased concentration of 
platelets. These platelets release growth factors such as 
platelet-derived growth factor, transforming growth fac-
tor beta, and vascular endothelial growth factor that 
potentially stimulate endothelial growth and angiogene-
sis [42]. PRP has shown promising results in studies and 
may be useful in initiating a healing response, but the lack 
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of randomized controlled trials as well as variability in 
preparation and dosing limits any definitive treatment 
recommendations. In a study by Rettig et al., there was a 
42% return-to-play rate of throwing athletes who were 
treated non-operatively with anti-inflammatory drugs, 
icing, night-time bracing, graduated physical therapy, and 
a throwing program. The average time to return to play 
was 24.5 weeks [43]. In contrast, studies with protocols 
including PRP have shown return-to-play rates of 66% to 
88% [42, 44]. More recent data has suggested that low- 
grade injuries have successful outcomes after PRP when 
combined with physical therapy and rehabilitation com-
pared with higher-grade UCL injuries [45].

 2. Corticosteroid injection: Corticosteroid injections are 
not recommended due to the potential risk of damage to 
articular cartilage and/or further tendon injury or rup-
ture [46].

28.2.6.4  Surgery
Indications for surgical evaluation include failure of non- 
operative treatment, continued medial elbow pain/instabil-
ity, and/or full-thickness UCL rupture [25]. There are 
multiple commonly used surgical techniques for UCL-R as 
well as, more recently, UCL repair using internal bracing. 
The most common graft option is the palmaris longus ten-
don [25]. Surgeries in the elbow are further discussed in 
Chap. 30.
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Elbow Joint Dislocations and Fractures

Jason L. Zaremski, Julio A. Martinez-Silvestrini, 
and Eric W. Pettyjohn

29.1  Elbow Dislocation

29.1.1  ICD-10 Codes

M24.429, M24.421, M24.422, M24.321, M24.322, M24.329 
S53.1, S53.104A, S53.105A, S53.194A, S53.195A

29.1.2  Synonyms

None

29.1.3  Definition

When the proximal radius and/or ulna become malaligned 
with respect to the distal humerus.

29.1.4  Symptoms

Elbow dislocations, which are the most commonly dislo-
cated joint in children and second most common overall 

(the shoulder is the first), are typically due to a traumatic 
forceful impact [1]. Specifically, axial loading with 
 supination or external rotation of the forearm combined 
with a valgus posterolateral force may result in this injury. 
The most common ages for this injury are typically 
10–20 years old. The most common direction of an elbow 
dislocation is posterolateral (about 80%) [2]. For a pos-
teromedial dislocation, the force is due to a varus postero-
medial mechanism.

As with nearly all dislocations, these injuries are acute 
in nature. Patients will have gross deformities of their 
elbow joint with immediate pain and associated swelling. 
Sports that have the greatest number of injuries are 
reported to be American football, wrestling, and 
gymnastics.

29.1.5  Physical Exam

Given the severity of the injury, the immediate focus should 
be to first assess the skin and confirm there are no signs of 
an open injury. Next, neurovascular status should be 
assessed at the wrist, elbow, and upper arm due to the risk of 
neurovascular injury or compromise in upward of 20% of 
cases [3]. Further, injuries to the wrist or shoulder occur 
with elbow dislocations in about 10–15% of cases, and these 
joints should be initially assessed, as well [3].

Finally, checking for the presence of compartment 
syndrome by assessing compartments in the upper arm 
and forearm is paramount. With posterior elbow disloca-
tions, the upper extremity may be shortened, and the 
elbow minimally flexed with a prominent olecranon. Any 
crepitus with active range of motion (AROM) or passive 
range of motion (PROM) is an indicator of a potential 
fracture, and radiograph prior to attempted reduction is 
recommended [3].
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29.1.6  Diagnostic Workup

Imaging workup includes elbow radiographs that include 
anterior-posterior and lateral views, though one may con-
sider oblique views as well. After an attempted reduction 
follow-up, immediate repeat radiographs are recommended 
to assess for joint congruency as well as potential secondary 
fractures [1]. A computed tomography (CT) scan may be 
indicated once reduction is achieved to identify occult frac-
tures not present on radiographs [4].

The treating provider should be aware of the “terrible 
triad” of the elbow. This is when there is a traumatic elbow 
dislocation, radial head fracture, and associated coronoid 
fracture. This injury pattern may lead to poorer outcomes 
and has been associated with recurrent and/or chronic 
 instability and posttraumatic arthritis. Early referral to surgi-
cal specialists are indicated in this scenario [4, 5].

29.1.7  Treatments

For any dislocation, immediate reduction is the primary 
treatment [1]. Once this has been achieved, the patient should 
be splinted at 90 degrees for 5–10 days. Repeated neurovas-
cular and compartment checks after injury are recommended, 
as well [1, 4].

29.1.7.1  Elbow Reduction Maneuvers
For patients that are not in a hospital or emergency room set-
ting, while immediate reduction is recommended, reductions 
should only be performed with a healthcare provider that is 
experienced in evaluating and treating the injury. For sport-
ing events, it has been recommended by the National Athletic 
Trainers’ Association that “onsite elbow reductions should 
not be attempted by athletic trainers in most cases given that 
elbow dislocations typically involve fracture(s) and signifi-
cant potential for neurovascular compromise.” However, the 
consensus recommendations state that “If emergency trans-
port will be delayed, an AT, under the direction of a physi-
cian, may attempt a reduction provided no signs and 
symptoms of fracture or neurovascular damage are present. 
Multiple attempts at reduction are not recommended ” [6].

There are different techniques for elbow reduction in 
supine and prone planes using traction and countertraction. 
After any elbow reduction, always repeat neurovascular sta-
tus and compartment checks [1]:

 1. Elbow reduction technique 1: [4, 7, 8]

The patient will lay supine with the elbow and forearm 
supinated. Traction should be applied to the forearm with 
countertraction to the upper arm. Then, force should be 
applied to the olecranon distally in order to reduce into the 
olecranon fossa (Fig. 29.1).

 2. Elbow reduction technique 2: [9]

With the patient in a prone position, and the affected arm/
forearm laying off of the examination table, traction is applied 
via a downward force on the forearm with one hand while there 
is countertraction to the humerus. Then, olecranon is pushed 
into the olecranon fossa to achieve reduction (Fig. 29.2).

 3. Elbow reduction: technique 3: [10]

The patient is supine with the affected arm across the 
chest. The elbow is flexed to 90 degrees with the forearm in 
supination. Traction is applied to the forearm with one hand, 
while the other hand pulls the arm in the opposite direction. 
The elbow is then flexed, and the thumb pushes the olecra-
non into the olecranon fossa. As noted in previous literature, 
it is important that the forearm is supinated during reduction 
so the coronoid can clear the trochlea (Fig. 29.3) [4].

29.1.7.2  Splinting
Splinting should then take place as elbow stability evalua-
tion is not recommended as the elbow is likely unstable, in 
particular in valgus and with extension. The splint should 
be placed with the elbow in at least 90° of elbow flexion. 
Of note if there is suspicion of radial collateral ligament 
rupture, splint with the elbow in pronation is recom-
mended. However, if there is concern of an ulnar collateral 

Fig. 29.1 Technique 1 elbow reduction maneuver
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ligament rupture, then splinting in supination is recom-
mended. Once splinting has occurred, obtain post-reduc-
tion radiographs.

Elbow dislocations are divided into simple and complex. 
Simple indicates no fracture, whereas a complex elbow dis-
location is associated with a fracture,

For dislocations that result in more significant associated 
injuries (i.e., fractures of the coronoid, radial head, olecra-
non, as well as radial collateral ligament, and/or ulnar col-
lateral ligament ruptures), surgical referral is indicated. 
Persistent post-reduction instability or inability to perform a 
reduction also requires a surgical referral.

29.1.7.3  Medical Management
The goals of treatment include a stable elbow joint with ability 
to achieve early active ROM [1]. For closed reduction and 
non-operative management, typically patients are immobi-
lized for only about 5–10 days. Further, research has indicated 
that immobilization for more than 1–3 weeks results in poor 
ROM and possible elbow contracture [4, 11, 12]. As patients 
progress after the first 5–10 days, early active assisted ROM 
(AAROM) with a physical therapist is strongly recommended 
with a limited ROM arc. Extension blocks may be used for up 
to 3–4 weeks. Gradually the extension block is removed such 
that approximately 6–8 weeks post injury a patient has full 
AROM [4]. A hinged elbow brace that has ROM locking capa-
bility is typically very helpful once the initial splint is removed.

29.1.7.4  Rehabilitation
Clearance for return to sport without restriction will be allowed 
once the patient has full AROM without pain as well as no 
signs of instability with valgus, varus, and posterolateral rota-
tional testing without the use of a stabilization brace [1].

29.1.7.5  Procedures
Once reduced, no additional intervention needed.

29.1.7.6  Surgery
For further details of surgical interventions and postoperative 
rehabilitation, please refer to Chap. 30.

29.2  Elbow Fractures

29.2.1  Synonyms

• Intercondylar fracture
• Olecranon fracture
• Radial head fracture
• Supracondylar fracture

29.2.2  ICD-10 Code

• S42.4: Fracture of distal end of humerus
• S42.41: Simple supracondylar fracture

Fig. 29.2 Technique 2: elbow reduction maneuver

Fig. 29.3 Technique 3: elbow reduction maneuver
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• S52.90XA: Unspecified fracture of forearm
• S52.02: Fracture of olecranon process
• S52.12: Fracture of head of radius

29.2.3  Description

Elbow fractures are one of the most common upper 
extremity fractures. They are the most common type of 
fractures in the pediatric population with acute supracon-
dylar fractures as the most frequent type [13, 14]. The 
adult population includes a large variety of acute frac-
tures, with radial head and olecranon fractures as the most 
common [14]. At the distal humerus, intercondylar frac-
tures are the most common surgery requiring internal fixa-
tion [15]. The overall incidence of elbow fractures in 
pediatric patients is reported at approximately 30/10,000 
per year, a fraction of elbow fractures in adults, 4/10,000. 
Supracondylar fractures have an incidence of 177/100,000 
children [13]. Acutely they may be seen in combination 
with neurovascular injuries. And if left untreated, they 
may also result in non-union, valgus or varus elbow defor-
mities, and chronic nerve injuries [13]. Due to the hetero-
geneity of pathologic fractures, this entity will be excluded 
from this chapter.

29.2.4  Clinical Presentation

Most pediatric elbow fractures have a peak between 6 and 
10 years old and occur after a fall from a play structure as 
trampoline or monkey bars [13, 14]. Skateboard and scooter 
(caster-boarding) injuries are five times more common than 
after a fall while riding a bicycle [13]. The male:female 
ratio of elbow fractures is 1.6:1. The non-dominant upper 
extremity is mostly involved, as it is postulated that the 
dominant arm is in use, while the non-dominant arm 
assumes a protective role [13]. The elbow joint is the most 
common joint dislocation in pediatric patients and is the 
second most common in adults [14]. One-third to half of all 
elbow dislocation may be complex dislocation-fracture 
injuries, requiring surgical care. Multiple elbow fractures 
can coexist and are common in adults suffering dislocation-
fractures, with the radial head and coronoid fractures 
mostly involved [14].

29.2.5  Physical Examination

On inspection, findings may range from mild swelling to 
obvious deformity of the elbow. Patients guard the injured 
elbow in flexion with the shoulder internally rotated. The 

a b

Fig. 29.4 Anteroposterior (a) and lateral (b) views of the elbow illus-
trating common areas of elbow fractures. The solid lines in anteropos-
terior and lateral views mark common areas of supracondylar and 
intercondylar fractures, while the dotted lines in the lateral views mark 

common sites of olecranon fractures. The arrows mark the humerus, 
radius, and ulnar bones, as well as the radial head and radial neck and 
common fracture sites of the proximal radius
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olecranon, medial epicondyle, lateral epicondyle, and radial 
head should be palpated looking for exquisite local tender-
ness (Fig. 29.4). It is not uncommon for the patient to “jump” 
when the fracture site is palpated (known by one of the 
authors as the “jack in the box” sign). ROM is usually lim-
ited on extension. Pronation and supination may be painful 
or limited in cases of radial head fractures [16].

The elbow extension test can be used as an examination 
screening tool to determine the presence of elbow fractures 
in adults. The test is done with the patient seated, shoulders 
flexed forward at 90°, and forearms supinated (palms up). 
The patient can rest the arms on an examination table if 
needed for comfort. Then the patient is asked to fully extend 
and lock both elbows. Injured and uninjured elbows’ range 
of motion is compared. Patients who cannot fully extend 
their affected elbow after injury should be referred for imag-
ing. X-rays can be deferred if the patient has full elbow 
extension, there is no concern for an olecranon fracture and 
the patient can return for a 7–10 days of follow-up. This test 
has a sensitivity of 97% but has a low specificity of 50%. 
This test should be used with caution in the pediatric popula-
tion [17].

Neurovascular injuries by traction, compression (by 
hematoma formation or compartment syndrome), or lacera-
tion by sharp bone fragments may occur acutely [13, 16]. 
Injuries involving the median nerve and brachial artery at the 
antecubital fossa, the ulnar nerve medially, or radial nerve, 
specifically posterior interosseous nerve, in cases of radial 
head fractures may be observed [16]. After elbow trauma and 
suspected fracture or dislocation, a detailed neurovascular 
physical examination of the wrist and hand is imperative. 
Active range of motion and strength examination as tolerated 
as well as palpation of the upper extremity compartments, 
sensory examination, pulses, and capillary refill should be 
performed.

29.2.6  Diagnostic Workup

At least two perpendicular X-ray views of the elbow 
(Fig.  29.4), full-length humerus and full-length radius and 
ulna, are a standard practice in patients after acute trauma. 
Imaging of the joint above and below the fracture site is also 
commonly obtained. The lateral radiograph is helpful for the 
identification of the “posterior fat pad sign” [16], which may 
represent an elbow effusion in patients with a fracture diffi-
cult to visualize. In addition, a raised anterior fat pad (a.k.a. 
“the sail sign”) may also be present in an intra-articular frac-
ture such as in an occult radial head fracture [18]. Contra- 
lateral X-rays are recommended in pediatric patients for 
detailed comparison of ossification centers [16]. Proximal 
radial fractures are associated with other fractures or elbow 
dislocations in 30–50% of cases, for which once a proximal 

radial fracture is identified, the examiner should look for 
another possible fracture [16]. Elbow arthrogram and com-
puter tomography (CT) are particularly helpful for elbow 
injuries due to the anatomic complexity of the joint and bony 
overlap on X-rays AP and lateral images.

29.2.7  Treatments

29.2.7.1  Medical Management
To prevent elbow fractures in the pediatric population, the 
use of protective elbow pads is recommended while riding 
skateboards and bicycles [13]. Most radial fractures and 
minimally displaced radial neck fractures can be treated con-
servatively resulting in excellent results in most patients [14, 
16]. Some displaced proximal radial fractures can be treated 
with close reduction. Pronation and supination ROM loss is 
common in pediatric patients with radial head fractures [16], 
and proactive warning and education should be given to the 
patient and family members. Recommendation of 2–3 weeks 
of immobilization in a long arm cast with the forearm in neu-
tral rotation or slight pronation after reduction is indicated. 
Ninety to ninety-five percent of excellent to good outcomes 
are seen in patients treated conservatively for proximal radial 
fractures [16]. If a patient has a non-displaced or minimally 
displaced radial head or neck fracture, recommendations 
include the use of a sling with early ROM in flexion and 
extension planes only (no supination or pronation), but non- 
weight- bearing is recommended for the first 2–4 weeks.

29.2.7.2  Rehabilitation
Early rehabilitation is recommended to prevent function loss 
after elbow fractures. The best interventions of a comprehen-
sive rehabilitation program are exercise, education, and 
functional activities. The optimal rehabilitation after elbow 
fractures is unknown due to the lack of medical evidence and 
clarity defining rehabilitation interventions. The current 
expert consensus is that elbow fracture rehabilitation can 
begin within days of the initial injury and continue through-
out the recovery process [19]. Direct input of ROM limita-
tions, splinting, and weight-bearing status should be obtained 
from the orthopedic surgeon or sports physician treating the 
fracture.

The rehabilitation program post-elbow fracture can be 
divided in two phases:

 1. Acute phase: Posture, ergonomic, and precautions educa-
tion is considered an important part of this phase of the 
rehabilitation program. AROM and AAROM are more 
commonly used, compared to passive ROM (PROM) and 
stretching. Static or dynamic splinting is commonly used 
to protect the joint and promote healing. Modalities to 
control pain and inflammation as rest, ice compression, 
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elevation, and heat are also used in this phase by most 
practitioners.

 2. Rehabilitation phase: This phase focuses more on the res-
toration of function and less on pain and edema manage-
ment. AROM, stretching, strengthening, and functional 
exercises are the most common treatments prescribed 
[19]. The goal is to maintain adequate range of motion, 
prevent a “stiff elbow,” and then restore strength and 
function.

29.2.7.3  Procedures
No other procedures are recommended for this diagnosis.

29.2.7.4  Surgery
Surgery is recommended in patients with open fractures, 
non-reducible fracture fragments, joint instability, or neuro-
vascular dysfunction [13]. Less than 50% of pediatric frac-
ture will require surgical care, with medial epicondyle 
fracture accounting for close to 80% of all cases requiring 
surgery [13]. Numerous methods of percutaneous reduction 
have been described for pediatric displaced radial head frac-
tures, and surgical care should be considered in patients fail-
ing closed reduction. Open reduction should be avoided if 
possible, as they are associated with poor outcomes [16]. 
Close to 80% of adult patients report their post-surgical out-
come from excellent to good [15]. Olecranon fractures are 
the most common adult fracture requiring hospital admission 
and subsequent surgical care [14]. Tension band wiring, 
K-wires, screw fixation, and plate fixation are some of the 
procedures done for the treatment of olecranon and other 
adult elbow fractures [14]. Radial head arthroplasty may be 
required in rare instances for adult patients with proximal 
radial fractures. In cases with open fractures and complex 
comminuted fractures, external fixation may be needed.

Possible post-surgical complications include non-
union, neurovascular injury, elbow stiffness, permanent 
loss of ROM, hardware fracture, myositis ossificans, and 
infection [15].

Contractures and elbow stiffness after surgery are consid-
ered problematic and are observed in patients with the fol-
lowing risk factors: elbow dislocation, specifically those 
involving the humeroulnar joint, complex or comminuted 
fractures, other fractures not involving the elbow, limited 
elbow ROM, and presence of radiographic heterotopic ossi-
fication at 6 weeks postoperatively. Patients with these risk 
factors should receive aggressive physical therapy and be 
counseled as to the possible development of elbow stiffness 
and needing subsequent surgery [20].

In the pediatric population, bony overgrowth, osteonecro-
sis, and premature physeal closure are possible complica-
tions. Elbow stiffness is also seen in the pediatric population 
and has poor functional outcomes. Other factors associated 

with poor outcome include greater initial bony angulation 
and displacement, associated injuries, age more than 
10 years, articular involvement, and the need for open reduc-
tion [16]. For more details, please see the Chap. 30.
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30.1  Distal Biceps Tendon Rupture

Distal biceps tendon ruptures most often occur when a flexed 
elbow is eccentrically loaded and is best diagnosed on mag-
netic resonance imaging (MRI). Risk factors for rupture include 
a history of anabolic steroid use, smoking, and impingement of 
the tendon during motion. Both nonoperative and operative 
treatment options are available. Nonoperative treatment may 
leave the patient with reduced strength in forearm supination 
and elbow flexion and can be considered in patients who are 
low-demand, elderly, or willing to sacrifice function and poten-
tial limitations to activities of daily living (ADL). Surgical fixa-
tion is indicated in young patients with complete tendon 
ruptures who do not want to sacrifice function and patients with 
partial tears who fail nonoperative treatment. Early operative 
fixation within 2–3 weeks is favorable, as delayed repair leads 
to adhesions, loss of elasticity, and retraction of the tendon 
which may necessitate a more extensile approach, and is asso-
ciated with a higher complication rate [1].

There are multiple methods of surgical treatment for distal 
biceps tendon ruptures, including suture button, suture anchor, 
bone tunnel, and interference screw fixation. Biomechanical 
studies have shown the Endobutton (Smith & Nephew, 

Andover, MA, USA) (Fig. 30.1), a type of suture button, to be 
superior [2]. Dual fixation involving the use of an interference 
screw in conjunction with suture button or anchor has also 
been described. The repair may use a single- or dual-incision 
approach. The single-incision technique carries a higher risk 
of neurological injury, primarily to the lateral antebrachial 
cutaneous nerve. The two-incision technique is associated 
with a greater risk of radio-ulnar synostosis.

After surgery, the elbow is initially placed in a splint or 
brace at 90 degrees of flexion for 1–2  weeks until suture 
removal. Then, active elbow extension with passive elbow 
flexion is initiated, with the goal to reach full range of motion 
by 6 weeks postoperatively. Resistance training may begin at 
10–12 weeks postoperatively. Dual fixation using both suture 
buttons with an interference screw may allow more aggres-
sive early therapy, where splinting is discontinued after 
3–5  days and the patient is transitioned to a compression 
sleeve by 1  week to allow gentle range of motion [3]. 
Strengthening begins 1-week postoperatively with 1 pound 
(lb) weights, with return to daily activities at 2–3 weeks.

30.2  Lateral Epicondylitis

Surgery for lateral epicondylitis can be performed with an 
open, arthroscopic, or percutaneous approach. Studies have 
shown all three methods to be highly effective [4, 5] with the 
reported success rate of operative intervention approximat-
ing 80% good to excellent results in most studies, regardless 
of the surgical technique used [6].

The surgery includes open or arthroscopic release of the 
common extensor tendon with resection of degenerative 
extensor carpi radialis brevis tissue and tendon repair:

• Arthroscopic debridement enables examination of the 
intra-articular structures, provides greater ligament stabil-
ity, and can treat concomitant elbow pathologies, such as 
plica, loose bodies, or chondral lesions [4]. An arthroscopic 
approach offers a faster recovery time and a quicker return 
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to activities compared to an open procedure. Active and 
passive range of motion (ROM) exercises can begin 
immediately, followed by stretching and progressive 
strengthening exercises, with return to light activities at 
2 weeks postoperatively [7].

• Open release allows for complete removal of the patho-
logic tissue and improved vascularity to the region but can 
result in higher postoperative morbidity due to ligament 
damage [5]. The rehabilitation after open procedures gen-
erally requires a longer recovery course postoperatively to 
allow for adequate healing. The upper extremity is 
splinted with the elbow in 90 degrees of flexion for 
1–2 weeks. After this time, active ROM exercises begin, 
followed by strengthening exercises 6 weeks postopera-
tively or once painless ROM is achieved [4].

Radial tunnel syndrome and posterior interosseous nerve 
(PIN) syndrome can be associated with lateral epicondylitis. 
Concurrent PIN entrapment has been reported in up to 5% of 
patients [7]. For these patients, surgical decompression of 
the radial nerve or PIN is necessary. If there is associated 
lateral collateral ligament complex instability, ligamentous 
repair and reconstruction are performed as well.

30.3  Medial Epicondylitis

Surgical treatment for medial epicondylitis is indicated after 
6 months of failed conservative measures or the elite athlete 
with indications of tendon disruption [8]. The open release is 
the standard of care for the treatment of medial epicondylitis 
[9]. This technique involves epicondylar debridement and 
repair of the common flexor tendon. An open approach affords 

the surgeon the ability to visualize and protect the ulnar col-
lateral ligament (UCL) and ulnar nerve posterior to the medial 
epicondyle [9]. Studies have reported ulnar nerve involvement 
in 23–60% of patients requiring operative treatment for medial 
epicondylitis [7]. When ulnar neuropathy is present, surgical 
decompression, submuscular transposition, or subcutaneous 
transposition of the ulnar nerve is necessary. Patients with con-
current ulnar neuritis experience less favorable outcomes.

Rehabilitation protocols are similar to that of lateral epi-
condylitis. Postoperatively, the upper extremity is splinted 
with the elbow in 90 degrees of flexion for 1–2 weeks. This 
is followed by passive and active ROM exercises of the upper 
extremity. Isometric exercises begin 3–4  weeks postopera-
tively, while wrist flexion and forearm pronation exercises 
begin 6 weeks postoperatively [8]. Strengthening exercises 
of the hand, wrist, and forearm can begin at 6–8 weeks with 
return to regular activities 3–6 months postoperatively [9].

30.4  Medial Ulnar Collateral Ligament 
Injury

Injury to the medial ulnar collateral ligament (MUCL) leads to 
valgus instability of the elbow and is more common in throw-
ing athletes due to repetitive stress. UCL reconstruction (UCL-
R) is indicated for intractable pain and dysfunction when all 
nonoperative measures have failed or the athlete desires to 
return to pre-injury performance levels. Operative treatment 
involves ligamentous reconstruction with tendon autograft via 
the Jobe or modified Jobe technique. Alternatively, UCL repair 
with collagen-treated internal brace is another viable treat-
ment option, which involves the use of a suture tape to rein-
force the repair of the native ligament [10].

a b

Fig. 30.1 (a) Illustration of the Endobutton (Smith & Nephew, Andover, MA, USA) fixation of a distal biceps tendon rupture. (b) Lateral radio-
graph showing Endobutton fixation. (With permission from Greenberg et al. [2])
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UCL-R requires a rigorous recovery course. Erickson 
et  al. [11] describe a standard rehabilitation program. 
Postoperatively, the elbow is placed in 90 degrees of flexion 
for 1 week and then transitioned to a hinged elbow brace. 
Gentle progressive ROM exercises begin, increasing by 5 
degrees of extension and 10 degrees of flexion per week until 
full ROM is established. Progressive strengthening exercises 
of the elbow, shoulder, and scapular stabilizers can com-
mence at 4–8 weeks, followed by isotonic and manual resis-
tance exercises, proprioception, and dynamic stabilization 
drills at 9–13  weeks. Throwing progression is initiated at 
weeks 14–26, and patients can return to competitive throw-
ing at 7–9 months [11].

UCL repair with internal brace allows for faster rehabili-
tation and a quicker return to sports and activities compared 
to traditional UCL-R, which makes it an appealing proce-
dure for high-level throwing athletes [10]. The rehabilitation 
protocol proceeds similarly to UCL-R except when patients 
generally progress more rapidly through the stages and can 
expect to return to competitive throwing at 5 months postop-
eratively [10].

30.5  Olecranon Bursitis

Olecranon bursitis may be classified as acute versus chronic 
and aseptic versus septic. Acute olecranon bursitis is typi-
cally secondary to direct pressure or trauma to the bursa. 
Chronic olecranon bursitis may develop after prolonged 
stress is inflicted on the bursa or from systemic illnesses such 
as rheumatoid arthritis. A septic bursitis may develop from a 
skin opening where microbes can enter or via local spread 
from cellulitis and requires antibiotics to treat the infection. 
As noted in the posterior elbow chapter, needle aspiration is 
helpful to determine the organism and antibiotic susceptibil-
ity. Incision and drainage may be necessary in cases that fail 
isolated antibiotic therapy.

Overall, surgical treatments for olecranon bursitis are 
associated with higher complication rates compared to non-
surgical treatments and should therefore only be pursued 
when nonsurgical treatments have failed [12]. Olecranon 
bursectomy, open or arthroscopic, is an option for unrelent-
ing cases of olecranon bursitis:

• Open bursectomy is often associated with wound healing 
complications, where up to 27% of patients develop post-
operative hematoma, exudate, or skin necrosis [12]. 
Physicians should take care when considering open bur-
sectomy in patients with rheumatoid arthritis, as these 
patients tend to have significantly lower rates (40% versus 
94%) of success following this procedure [13]. After open 
bursectomy, patients are often placed into a well-padded 
posterior splint in approximately 90 degrees of flexion, 

which reduces the dead space available for fluid accumu-
lation. After adequate skin healing in 1–2  weeks, the 
splint may be removed and replaced with a light compres-
sive wrap to reduce swelling.

• Gentle ROM at the elbow may begin, as well as at the 
shoulder and wrist to prevent stiffness. A pad or cushion 
may be applied for several weeks postoperatively to pre-
vent irritation to the area.

• Arthroscopic bursectomy was developed to combat the 
wound complications associated with an open procedure. 
Offending osteophytes can be removed at the same time, 
and recovery is usually quicker. Some studies show 
equivalent success rates between arthroscopic and open 
olecranon bursectomy but with less soft tissue compro-
mise, faster healing, and fewer complications [14]. 
Patients may initially be splinted or placed in a sling for a 
few days postoperatively and ROM advanced as tolerated 
to preserve motion.

30.6  Elbow Dislocation

The treatment of elbow dislocations is variable depending on 
associated fracture and ligamentous structures injured. The 
majority of elbow dislocations (up to 74%) are simple dislo-
cations without bony fracture [15]. These can primarily be 
treated with closed reduction and posterior splint with the 
elbow in 90 degrees of flexion [15]. Stability of the elbow 
should be assessed through ROM and stressing the liga-
ments. ROM exercises for simple dislocations should begin 
approximately a week after initial injury. Immobilization for 
longer periods has been associated with worse outcomes, 
usually related to stiffness [15]. An extension block brace is 
often used for 3–4 weeks. ROM should be instituted within 
the stable arc as determined by physical exam.

Open reduction internal fixation (ORIF) is indicated in 
complex elbow dislocations or a persistently unstable elbow. 
The “terrible triad” injury describes the constellation of 
injuring the lateral ulnar collateral ligament (LUCL), radial 
head fracture, and coronoid fracture and is so named for its 
association with poor outcomes (Fig. 30.2) [15]. Coronoid 
fractures may be treated with internal fixation if the fragment 
is large enough but are often too small for hardware. The 
radial head may be addressed with plate and screw construct 
(Fig. 30.3) or radial head arthroplasty (Fig. 30.3) if the frag-
ments are irreparable.

The rehabilitation following internal fixation of elbow 
dislocations depends on the stability at the conclusion of the 
surgical procedure. Patients are often initially splinted for 
1–2 weeks after the procedure. The timing of initiating ROM 
exercises should be correlated with the surgical stability with 
the knowledge that stiffness is the most common 
complication.
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30.7  Elbow Osteoarthritis

Surgical management of primary osteoarthritis of the elbow 
consists of either arthroscopic or open arthrotomy proce-
dures, as well as total elbow arthroplasty (TEA), depending 
on the severity of symptoms and joint degeneration. Ulnar 
nerve transposition may be done concomitantly with any of 
these procedures, especially if cubital tunnel symptoms are 
present:

• In younger patients or those with milder symptoms, 
arthroscopic debridement may help remove inflamed 
synovium, loose bodies, and osteophytes that may con-
tribute to pain and loss of motion [16]. Such a minimally 
invasive procedure allows immediate ROM exercises to 
restore motion.

• The Outerbridge-Kashiwagi procedure, also known as the 
OK procedure or ulnohumeral arthroplasty, entails osteo-
phyte removal through a burr hole in the olecranon fossa 

a b
Fig. 30.2 Lateral (a) and AP 
(b) radiographs of a terrible 
triad elbow dislocation. (With 
permission from Rezaie et al. 
[15], p. 646. Fig. 9)

ba

Fig. 30.3 (a) Operative fixation of the radial head with plate and screw construct. (b) Radial head fracture replacement with LUCL repair. (With 
permission from Rezaie et al. [15], p. 649)
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[16]. This may be done open or arthroscopically and is 
indicated in younger patients with limited range of motion 
secondary to impinging osteophytes as their primary 
complaint [16]. Postoperatively, heavy lifting should be 
avoided for 2–3 weeks, but ROM exercises at the elbow 
may begin immediately.

• In cases of severe osteoarthritis that is unresponsive to 
conservative treatment, the primary surgical consider-
ation is age and level of function of the patient. In younger 
patients (less than 60 years of age), interposition arthro-
plasty involving placement of graft tissue (tensor fascia 
lata, Achilles tendon, etc.) between the ulnohumeral artic-
ulating surfaces may be considered [17]. A hinged exter-
nal fixator is often applied intra-operatively to allow early 
stable range of motion while protecting the graft and soft 
tissue repair. The external fixator is removed after 
6–8 weeks [17].

• In older, low-demand patients with inflammatory, pri-
mary, or post-traumatic arthritis with painful arc of 
motion, TEA is indicated [16]. Patients who undergo this 
procedure must understand the lifelong limitations of 
this procedure, which often include restriction not to lift 
more than 5 lb. Rehabilitation following TEA is depen-
dent on whether or not the triceps was detached during 
surgery and the strength of the repair. If the triceps was 
detached, then active flexion may be limited for the first 
6  weeks in order to protect the repair. Otherwise, full 
active and passive ROM is encouraged in order to pre-
vent stiffness.
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31.1  Ganglion Cysts

31.1.1  Synonyms

• Synovial cyst
• Gideon’s disease

31.1.2  ICD-10 Codes

M67.431, M67.432, M67.439

31.1.3  Description

Ganglion cysts are the most common soft tissue masses seen 
amongst hand and wrist pathologies; they are more com-
monly seen on the dorsal aspect of the wrist and measure 
approximately 1–2 centimeters in size [1, 2] (Fig.  31.1). 
They are thought to occur due to repetitive irritation and 
microtrauma, leading to the accumulation of a highly vis-
cous fluid within a ganglion; this fluid contains a large 

amount of hyaluronic acid, as well as glucosamine, globu-
lins, and albumin [2]. The exact mechanism of where the 
fluid comes from, as well as how the cyst walls form, is not 
fully understood, though multiple theories exist regarding 
both extra-articular and intra-articular origins [2]. Differential 
diagnosis for wrist ganglion cysts is in Table 31.1.
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31.1.4  Clinical Presentation

Patients will often present with pain located at the dorsal or 
volar aspect of the wrist, with concern regarding the growth 
that has developed. For some patients, there may be no pain 
at all, but concern regarding a new growth that was not pres-
ent before. If pain is present, they will report increased pain 
with activities, as well as decreased range of motion in flex-
ion/extension. If the ganglion cyst is located on the volar 
aspect of the wrist, patients may report paresthesia due to 
compression of the median or ulnar nerves [2].

31.1.5  Physical Examination

A firm, well-circumscribed lesion is seen on inspection of 
the wrist. On palpation, it may be painful and will be immo-
bile as most of these cysts are tethered to underlying tissues, 
as opposed to a lipoma, which is more likely to be mobile 
[2]. There will not be any erythema or warmth. Ganglion 
cysts will also transilluminate versus solid masses. If the 
ganglion cyst is causing compression of a nerve or is large, 
there may be findings of decreased range of motion or 
reduced grip strength on physical examination.

31.1.6  Diagnostic Workup

A diagnosis of ganglion cyst can often be made based on the 
history and physical examination alone. Plain radiographs 
will reveal a normal wrist; magnetic resonance imaging 
(MRI) is usually not necessary but would show a well- 
circumscribed mass with homogenous fluid signal intensity. 
You may consider the above imaging if there is concern for a 
more malignant process. The best imaging modality to con-
firm the presence of a ganglion cyst is ultrasound, where a 
well-marginated hypoechogenic mass would be seen [3]. 
The differential diagnosis to consider is in Table 31.1 [4].

31.1.7  Treatment

31.1.7.1  Medical Management
First and foremost, patients should be reassured of the benign 
nature of a ganglion cyst. The management is largely conser-
vative, focusing on observation or immobilization when 
painful. Some, especially smaller-sized, cysts may even 

resolve on their own if patients modify their activities to 
decrease repetitive microtrauma for a period of time [1].

31.1.7.2  Rehabilitation
The timeline for hand therapy varies in nonoperative manage-
ment of a ganglion cyst, depending on symptoms and func-
tional impairment. Therapeutic interventions may include 
fitting the patient with a wrist immobilization orthosis to 
address discomfort, issuing a home exercise program (HEP) 
consisting of gentle range of motion (ROM) to address joint 
stiffness and function, and educating the patient on heat and 
cold modalities to address pain and swelling [5]. It is impor-
tant to educate the patient that therapy will not resolve the gan-
glion. Education on activity modification, adaptation, and 
ergonomics is beneficial in preventing repetitive microtrauma. 
Postoperative treatment of a ganglion excision should focus 
on early ROM (active and passive) of the wrist and digits to 
prevent postoperative stiffness. For dorsal wrist ganglion exci-
sions, wrist flexion should be emphasized to avoid develop-
ment of extrinsic tightness [6]. The therapist should monitor 
the patient’s symptoms with progression of motion, strength-
ening, and activity. The therapist should additionally educate 
the postoperative patient on scar management techniques to 
reduce scar formation and adherence to underlying structures 
[5]. Moist heat, transcutaneous electrical nerve stimulation 
(TENS), and orthotic fabrication may be beneficial to patients 
experiencing significant postoperative pain [5, 6].

31.1.7.3  Procedures
Aspiration of a ganglion cyst can be performed and has been 
considered the mainstay of nonsurgical treatment for many 
years; however, it has been found in recent studies that the 
recurrence rate is very high [1, 2]. Some studies have com-
pared aspiration with reassurance alone and found no signifi-
cant difference with respect to outcomes [1]. Blind aspiration 
of volar wrist ganglion cysts should be avoided due to the 
neurovascular structures in its proximity [2].

31.1.7.4  Surgery
Surgical excision is considered when there are recurrent cysts 
or if there are neurologic deficits present. On meta- analysis, 
recurrence was found to be less common in those who have 
surgical incision than aspiration [1]. For more details on sur-
gery for dorsal wrist disorders, refer to Chap. 37.

31.2  Posterior Interosseous Nerve (PIN) 
Entrapment Syndrome

31.2.1  Synonyms

• Posterior interosseous nerve syndrome (PINS)
• Posterior interosseous neuropathy
• Posterior interosseous nerve palsy
• Dorsal interosseous nerve syndrome

Table 31.1 Differential diagnosis for wrist ganglion cysts [4]

Neuroma
Lipoma
Tenosynovitis
Gouty tophus
Giant cell tumor of tendon sheath
Soft tissue sarcoma

N. N. Zaman et al.
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31.2.2  ICD-10 Codes

G56.3

31.2.3  Description

The posterior interosseous nerve syndrome (PINS) is a motor 
nerve that branches off the radial nerve and supplies the mus-
cles of the extensor compartment of the wrist and hand [Table 
31.2]. PIN palsy can occur due to both compressive and non-
compressive etiologies. The most common sites of compres-
sion include the Arcade of Frohse, a fibrous connection 
between the two heads of the supinator muscle, and at the 
supinator muscle itself; it can also be compressed by extrinsic 
factors, such as fibrous bands at the radial tunnel, as well as 
masses, such as ganglion cysts or tumors [7]. Non- compressive 
etiologies are often due to disruption of the nerve from a med-
ical diagnosis like neuralgic amyotrophy, rheumatoid arthri-
tis, and hourglass-like fascicular constriction [7]. PINS is 
often confused with radial tunnel syndrome (RTS); however, 
the major difference lies in the clinical presentation of these 
two pathologies. Differential diagnosis for PIN entrapment 
syndrome is given in Table 31.3 [8]. Table 31.2 lists the mus-
cles innervated by posterior interosseous nerve.

31.2.4  Clinical Presentation

Patients with posterior interosseous nerve syndrome (PINS) 
will usually present with weakness of finger and thumb 
extensors without any associated pain; the wrist extensors 
and forearm supinators are generally spared because their 
innervations are more proximal to the area of compression 
[8]. The dorsal part of the forearm and wrist receives their 
sensory innervation from the superficial radial nerve; there-
fore, the PIN is a purely motor nerve with no sensory compo-
nent. This is one of the main distinctions between PINS and 

RTS, as the latter will usually have pain as the primary pre-
senting symptom.

31.2.5  Physical Examination

The forearm should be inspected and palpated to identify any 
mass that may be present. A thorough neurologic examination 
is important to rule out more proximal causes of the weakness 
that may be present, such as cervical radiculopathy or brachial 
plexopathy. Whenever possible, muscles should be isolated 
and tested with their specific innervations in mind [8]. Elbow 
joint ROM is not affected.

31.2.6  Diagnostic Workup

Posterior interosseous nerve syndrome (PINS) can be diag-
nosed based on history and physical examination findings; 
imaging can be helpful in looking for space-occupying 
masses that may be extra-neural [8]. Plain radiographs can 
be obtained to look for fractures or soft tissue swelling but 
should be accompanied by MRI and ultrasound imaging to 
look more closely at the anatomy of the forearm and explore 
the common sites of compression [7]. Additionally, electro-
diagnostic studies can be considered to determine both the 
severity of muscle denervation and the site of compression 
[7]. Timing of the electrophysiologic studies can affect their 
usefulness in the management of PINS; a study that is per-
formed too early will be negative regardless of the clinical 
presentation. The ideal time to perform a needle electromy-
ography is at least 3–4 weeks after symptom onset [8]. The 
differential diagnosis to consider is in Table 31.3 [7, 8].

31.2.7  Treatment

31.2.7.1  Medical Management
A significant component of the medical management of 
PINS is focused on nonoperative care, emphasizing rest, 
anti-inflammatory medications, splinting, and activity modi-
fications. One study found 73% of those with PINS due to a 
non-compressive etiology like neuralgic amyotrophy will 
recover in 1 year and 80–90% will recover in 2 years; PINS 
due to hourglass-like fascicular constriction should have 
some improvement in pain and weakness in 3 months, after 
which surgical consultation should be considered [8].

31.2.7.2  Rehabilitation
Given the low occurrence of PINS in the population, high- 
level evidence for current clinical treatments is lacking. 
Current best practice in this area is derived from the study of 
anatomy, clinical data on radial tunnel, and research of treat-
ment techniques in other nerve entrapments [9]. Conservative 
rehabilitation for PINS should focus on decreasing pressure to 

Table 31.2 Muscles innervated by posterior interosseous nerve

Extensor carpi radialis brevis
(deep branch of radial nerve)

Supinator muscle
(deep branch of radial nerve)

Extensor indicis Abductor pollicis longus
Extensor digiti minimi Extensor pollicis longus
Extensor carpi ulnaris Extensor digitorum
Extensor pollicis brevis

Table 31.3 Differential diagnosis for ganglion cysts [7, 8]

Differential diagnosis for PIN entrapment syndrome
Radial tunnel syndrome
Neuralgic amyotrophy
Radial nerve injury/palsy
Brachial plexopathy
Cervical radiculopathy
Extensor tendon rupture

31 Dorsal Wrist Disorders
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the radial nerve through activity modification, splinting, tap-
ing, and incorporation of exercises aimed at increasing free 
gliding of the nerve and lengthening of surrounding muscles 
(Fig. 31.2). Stretching of cervical and scapular muscles can 
also be beneficial to relieve proximal pressure to the radial 
nerve [9]. Patients should be taught to avoid activities that 
require combined forearm rotation, elbow extension, and 
repetitive grasp or pinch. The use of an orthosis with the wrist 
positioned in extension may also be helpful for relieving ten-
sion on the nerve. The use of counterforce bracing for lateral 
epicondylitis can be a causative factor for PINS and should be 

avoided [9]. As the patient awaits motor return to wrist and 
finger extensors, they may benefit from adapted equipment 
and use of a low-profile wrist and digit extension splint to 
maintain the wrist and metacarpal joints in extension during 
functional tasks [10] (Fig.  31.3). Postoperatively, gentle 
AROM of the wrist and forearm is encouraged to improve 
nerve gliding and to prevent scar adhesions. A wrist immobili-
zation orthosis is often used to provide support and decrease 
inflammation during functional tasks [10]. Other areas of post-
operative rehabilitation include scar management, desensitiza-
tion, edema management, and modalities for pain relief [10].

Fig. 31.2 Radial nerve glides are a series of motions aimed at provid-
ing a gentle stretch and gliding to the affected nerve. To complete: (1) 
Stand with your body in a relaxed position. (2) Lower your affected 
shoulder. (3) Internally rotate your shoulder and flex your wrist. (4) Tilt 

your head away from the affected arm. (5) Bring your shoulder back 
while maintaining your head tilted and wrist bent. (Reproduced with 
permission from OrthoInfo. © American Academy of Orthopaedic 
Surgeons. https://orthoinfo.org/)

a b

Fig. 31.3 (a) Patients with weakness of paralysis of the wrist and fin-
ger extensors may benefit from the use of a low-profile digit and wrist 
extension splint. (b) This splint has elastics that hold the fingers and 

thumb in extension. This will provide the extension force to straighten 
the fingers after the patient has actively flexed. (Photos by Cara 
Rodriguez)

N. N. Zaman et al.
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31.2.7.3  Procedures
There are no particular injections that assist in the recovery 
of PINS. One can, however, consider a local anesthetic injec-
tion as a part of the diagnostic workup, especially if trying to 
determine if a radial tunnel syndrome or lateral epicondylitis 
is present [8].

31.2.7.4  Surgery
For PINS that results from a space-occupying lesion seen on 
imaging, surgery is often the preferred treatment [7]. This 
will often lead to better and faster recovery once the offend-
ing mass is removed. PINS that presents as paralysis often 
requires surgery as well. Additionally, PINS that has not 
responded to nonoperative management for 3 months should 
have surgical consultation [8]. For more details on surgery 
for dorsal wrist disorders, refer to Chap. 37.

31.3  Triangular Fibrocartilage Complex 
Injuries

31.3.1  ICD-10 Codes

M24.131, M24.132

31.3.2  Description

The triangular fibrocartilage complex (TFCC) is a ligamen-
tous complex that is considered one of the main stabilizers 
on the ulnar side of the wrist. Located between the carpus 
and the ulna, it not only serves as a load-bearing structure but 
also stabilizes the distal radioulnar joint (DRUJ). The rele-
vant anatomy is highlighted in Fig. 31.4 [11]. When a wrist 

Radioscaphocapitate
ligment

Long radiolunate
ligment

Short radiolunate
ligment Articular disc (fibrocartilage)

Ulnolunate ligament

Palmar radiolnar ligament

Ulnotriquetral ligament
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in sheathLunate

Triquetrum

Scaphoid

Ulnar styloid

Dorsal radioulnar
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Dorsal branch of
anterior interosseous artery
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Triangular fibrocartilage complex (TFC)

©2009
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Fig. 31.4 TFCC and its relevant anatomy. (From: Kovachevich and Elhassan [26]; with permission)

31 Dorsal Wrist Disorders



282

has neutral ulnar variance, the TFCC transmits and absorbs 
approximately 20% of the forces that cross the wrist [11, 12]. 
This force is increased in positive ulnar variance, where the 
thickness of the TFCC is decreased, while the force is 
decreased in negative ulnar variance where the thickness of 
the TFCC is increased [12].

Blood supply to the TFCC comes from the terminal 
branches of the anterior and posterior interosseous arteries. 
While the peripheral 10–30% of the TFCC has adequate 
blood supply for healing, the central and radial aspects are 
more poorly vascularized [13]. The Palmer classification is 
widely recognized as one of the best classifications for TFCC 
injuries [Table 31.4] [14].

31.3.3  Clinical Presentation

Injuries to the TFCC can result both from a traumatic inci-
dent and from degenerative changes to the structures above 
over time. Patients will usually present with ulnar-sided 
wrist pain with or without DRUJ instability that is aggra-
vated by repetitive axial loading or activities that require pro-
nation/supination or ulnar deviation [12]. With more 
degenerative tears, patients may report a clicking or clunking 
with forearm rotation, which may signify DRUJ instability 
[13]. Because ulnar-sided wrist pain can result from a wide 
assortment of pathologies, care must be taken in gathering a 
thorough history from the patient to rule out other 
etiologies.

31.3.4  Physical Examination

A thorough musculoskeletal and neurologic physical exami-
nation is required to determine the best course of action. 

Inspection of the skin over the dorsal and volar wrist should 
be performed to look for any lesions, trophic changes, ecchy-
mosis, or edema. Palpation of the bony prominences along 
the dorsal and ulnar wrist will assist in determining if there is 
suspicion for a fracture. Patients with TFCC injury will often 
have tenderness over the ulnar fovea, lunotriquetral interval, 
ECU tendon, or DRUJ [13]. Range of motion should be 
checked in flexion-extension, radial-ulnar deviation, and 
pronation/supination planes and compared bilaterally. 
Functional testing includes asking patients to turn a door-
knob or having them push up from a chair, which leads to 
axially loading of the wrist in pronation [13].

Special maneuvers are often used to rule out other injuries 
in the ulnar wrist:

• Piano key test: Performed by holding the patient’s arm in 
pronation with the wrist in a neutral position. A force is 
applied to the ulna dorsally and ventrally to look for insta-
bility at the DRUJ.

• TFCC stress test: Performed by axially loading the wrist 
while in ulnar deviation and then applying pronation- 
supination force. The test is positive if it reproduces the 
patient’s pain but is nonspecific.

• Fovea sign: Performed by placing the patient’s elbow at 
90° of flexion with the forearm and wrist in neutral posi-
tion. The examiner places their thumb in the soft space 
between the ulnar styloid and the flexor carpi ulnaris ten-
don, the location of the ulnar fovea. The test is positive if 
applying pressure in this area causes pain and may indi-
cate ulnotriquetral or distal radioulnar ligaments disrup-
tion [12].

31.3.5  Diagnostic Workup

Initial workup for TFCC injuries includes plain radio-
graphs to identify any underlying fractures, arthritic 
changes, bony malalignment, or gapping of the radius and 
ulna that would denote DRUJ instability [12]. These should 
include posteroanterior (PA), lateral and oblique films, as 
well as posteroanterior grip views [13]. Radiographs will 
also allow for the measurement of ulnar variance, as a 
majority of TFCC injuries are thought to occur in positive 
or neutral ulnar variance [11]. More advanced imaging can 
include computed tomographic arthrography (CTA) or 
MRI.  MRI sensitivity and specificity are 67–100% and 
71–100%, respectively; magnetic resonance arthrography 
(MRA) has also been used and found to be superior to MRI 
alone in some studies, while others note that a 3.0T scan-
ner has excellent resolution to diagnose TFCC tears, and 
an arthrogram is not necessary [12, 13]. CTA is an alterna-
tive modality and found to be 100% sensitive and specific 
for accuracy in the diagnosis of TFCC tears, especially for 

Table 31.4 Palmer classification for TFCC tears

The Palmer classification for TFCC injuries
I Traumatic II Degenerative
IA Central perforation of 

the articular disk
IIA Central wear of TFCC

IB Foveal insertional tear, 
with or without ulnar 
styloid fracture

IIB Wear with chondromalacia of the 
lunate or ulnar head

IC Tear of ulnocarpal 
ligaments (ulnolunate 
and ulnotriquetral)

IIC TFCC perforation with 
chondromalacia

ID Radial-sided insertional 
tear

IID TFCC perforation with 
chondromalacia and wear or tear 
of the LT ligament

IIE TFCC perforation with 
chondromalacia and wear or tear 
of the LT ligament, with 
ulnocarpal arthritis

From: Adams [13]; with permission
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those who cannot undergo MRI [13, 15]. The differential 
diagnosis to consider is in Table 31.5 [16].

31.3.6  Treatment

31.3.6.1  Medical Management
If there is no DRUJ instability present, the initial manage-
ment of TFCC injuries is conservative. Symptom manage-
ment is the focus of care, with the concepts of RICE applied. 
This may include bracing of the wrist for immobilization and 
comfort [12]. It also includes activity modifications, as well 
as anti-inflammatory medications as needed in the acute 
phase.

31.3.6.2  Rehabilitation
The primary goal of rehabilitation after TFCC injury is to 
restore the normal joint mechanics and anatomy of the DRUJ 

[17]. In conservative management of TFCC injuries, initial 
therapy will focus on techniques to decrease inflammation 
including rest, use of modalities, taping, and supportive 
splinting. Splinting needs will vary depending on the 
patient’s pain level and the stability of the DRUJ. The use of 
a wrist immobilization splint, a long arm orthosis that immo-
bilizes the wrist and forearm, or use of a wrist strap, such as 
a WristWidget®, are all common forms of support after this 
injury [17, 18] (Fig. 31.5). Patients should be instructed to 
avoid activities that require forearm pronation, ulnar devia-
tion, weight-bearing, or gripping. As pain allows, occupa-
tional therapy and physical therapy will incorporate pain-free 
active ROM exercises of the wrist and forearm into the ther-
apy program. This would be followed by progressive 
strengthening with a focus on wrist stabilization [18] 
(Fig.  31.6). Postoperative therapy for TFCC injuries will 
vary depending on the surgery that was performed. Open or 
arthroscopic TFCC repairs will require a period of immobili-
zation to the wrist and forearm to minimize tension to the 
repair site. The patient’s status post-TFCC debridement does 
not require as extensive protection and are advanced through 
the rehab stages above as post-surgical inflammation 
resolves. It is important with all TFCC surgeries to respect 
pain during the healing process. Increases in pain, edema, 
and inflammation are indications that therapy is progressing 
too rapidly [17, 19].

Table 31.5 Differential diagnosis for TFCC tears [16]

ECU tendinopathy
DRUJ sprain or instability
Triquetral fracture
Ulnar neuropathy at Guyon’s canal
Lunotriquetral tear
Ulnar impaction syndrome

a b c

Fig. 31.5 (a) An ulnar gutter splint. (b). A long arm orthosis that immobilizes the wrist and forearm. (c) A wrist strap such as a WristWidget®. 
(Photos by Cara Rodriguez)
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31.3.6.3  Procedures
Management begins with bracing, activity modification, 
anti-inflammatory medications, and hand therapy as men-
tioned above. In those who cannot tolerate rehabilitation due 
to severe pain, corticosteroid injections can be considered.

31.3.6.4  Surgery
Most patients will improve with conservative management 
as listed above. Surgery may be indicated in those with cen-
tral tears of the TFCC, due to the poor vascularity for heal-
ing, or in those with concomitant fractures [13, 16]. Those 
with DRUJ instability may not improve with conservative 
management alone and require surgery. For more details on 
surgery for dorsal wrist disorders, refer to Chap. 37.

31.4  Kienböck’s Disease

31.4.1  Synonyms

• Avascular necrosis of the lunate
• Osteonecrosis of the lunate
• Osteomalacia of the lunate

31.4.2  ICD-10 Codes

M92.21, M93.1

31.4.3  Description

The first known description of Kienböck’s disease was from 
a cadaveric case study in 1843, but the term was not used 
until Dr. Robert Kienböck, a radiologist, presented the clini-
cal and radiographic evidence for osteonecrosis of the lunate 
in 1910 [20]. While the exact mechanism of why this occurs 
is not fully understood, it is thought to result from a combi-
nation of multiple factors, such as altered vascular perfusion, 
repetitive microtrauma, variable anatomy, and altered bio-
mechanics and kinematics [21]. The lunate typically has 
blood supply from both palmar and dorsal arteries, which 
serves as protection should there be vascular disruption; 
however, 20–26% of lunates may only have a palmar blood 
supply, which increases the risk for developing Kienböck’s 
disease [21]. Anatomic variations in lunate morphology, as 
well as ulnar variance, has also been thought to contribute to 
abnormal load distribution through the radiolunate joint [20].
Table 31.6 lists the differential diagnosis for Kienböck’s 
disease.

cba

Fig. 31.6 (a) Activities that might be included in a progressive 
strengthening program after TFCC injury include (a) rotation of a ham-
mer for forearm strengthening, (b) use of a gyroscope for wrist stability, 

and (c) incorporation of progressive weight-bearing activities. (Photos 
by Cara Rodriguez)

Table 31.6 Differential diagnosis for Kienböck’s disease [21, 22]

Perilunate dislocation
Ulnar impaction syndrome
Lunate contusion/acute fracture
Arthritis (early rheumatoid arthritis, gout, osteoarthritis)
Intraosseous ganglion cyst
Osteoid osteoma
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31.4.4  Clinical Presentation

Kienböck’s disease is often seen in males 20–40  years of 
age, who may have a history of trauma to the wrist or those 
who do repetitive wrist loading. Because the osteonecrosis of 
the lunate may be slow to develop, patients will usually pres-
ent with generalized wrist pain, altered range of motion, 
decreased grip strength, or pain with grip and edema, depend-
ing on the stage at initial presentation [20, 21]. Symptoms 
are usually seen in the dominant wrist and are rarely bilat-
eral. Because of the insidious onset of usually low-grade 
pain, most patients will report continuing work duties or 
other activities despite having symptoms.

31.4.5  Physical Examination

Physical examination will reveal tenderness over the dorsal 
lunate and radiolunate facet, with an effusion or fullness pal-
pated over the radiocarpal joint [20]. Range of motion testing 
will usually reveal limitations in flexion/extension arc with 
pain. Testing grip strength with a dynamometer and compar-
ing to the contralateral, asymptomatic side will show up to 
50% decrease in strength [20].

31.4.6  Diagnostic Workup

Imaging starts with posterior-anterior (PA) and lateral radio-
graphs with the affected wrist in neutral rotation. While ini-
tial stages of Kienböck’s disease may produce negative plain 
films, later stages of the disease may show increased lunate 
density, which signifies osteonecrosis, as well as progressive 
collapse and fragmentation of the lunate [20] (Fig.  31.7). 
Measurements should be taken for ulnar variance, as well as 
to look for dorsal intercalary segmental instability (DISI). 
Suspicion of Kienböck’s disease should prompt more 
advanced imaging, such as CT or MRI, despite negative 
plain radiographs. MRI can detect early stages of osteone-
crosis that are not seen in other imaging modalities and aids 
in developing the best management plan [21]. The differen-
tial diagnosis to consider is in Table 31.6 [21, 22].

31.4.7  Treatment

31.4.7.1  Medical Management
The proper management is determined based on the stage of 
the disease. The most commonly known and frequently used 
classification scheme was developed by Lichtman and col-

a b

Fig. 31.7 (a) AP radiograph of a wrist with known stage I disease, showing no acute changes. (b) Coronal T1-weighted MRI showing decreased 
signal intensity in the lunate. (From: Pientka et al. [27]; with permission)
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leagues [23] [Table 31.7]. Conservative management includ-
ing the use of anti-inflammatory medications and 
immobilization has shown to be successful in early stage I 
disease [21]. However, a large number of those with stage I 
will likely progress, so close monitoring is paramount to 
ensuring healing or need for surgical management.

31.4.7.2  Rehabilitation
While a patient with early Kienböck’s disease may benefit 
from a wrist immobilization orthosis in providing short-term 
relief, there is little research supporting effective long-term 
success in addressing progressed stages of the disease with 
conservative management [24]. Therefore, a patient with 
Kienböck’s disease is generally treated by hand therapy as a 
post-surgical intervention. While casted, the patient should 
begin digit and elbow ROM immediately following surgery 
to avoid stiffness. Active and gentle passive ROM is initiated 
upon cast removal and the patient provided a HEP. A wrist 
immobilization orthosis may be fitted for comfort and pro-
tection as indicated. Scar management techniques may be 
included in treatment as well as the HEP in order to reduce 
scar formation. Progressive strengthening is initiated in 
accordance with the surgeon’s postoperative protocol. It is 
important to note that the primary goal of surgery is to pro-
vide a stable, pain-free wrist [6]. With this in mind, the thera-
pist should set clear, realistic expectations with the patient 
regarding long-term wrist ROM and grip strength and should 
not attempt to achieve motion beyond the expected range. 
Education on activity adaptation and modifications may be 
necessary given post-surgical biomechanical changes.

31.4.7.3  Procedures
Because localized corticosteroid injections have been known 
to worsen osteonecrosis, these should be avoided in 
Kienböck’s disease. There is no evidence for the use of 
orthobiologics for this condition [25].

31.4.7.4  Surgery
Any evidence of sclerotic changes in the lunate or lunate col-
lapse will require surgical management to prevent further 

worsening. For more details on surgery for dorsal wrist dis-
orders, refer to Chap. 37.
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Ventral Wrist Disorders
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32.1  Carpal Tunnel Syndrome

32.1.1  Synonyms

• CTS
• Median nerve entrapment
• Repetitive motion injury

32.1.2  ICD 10 Code

G56.00

32.1.3  Description

Carpal tunnel syndrome (CTS) is a symptomatic focal median 
mononeuropathy at the wrist. It is caused by compression of 
the median nerve as it passes through the osteofibrous carpal 
tunnel in the volar wrist between the transverse carpal ligament 
(TCL; flexor retinaculum) and carpal bones. CTS is the most 
common focal entrapment mononeuropathy representing about 
90% of all entrapment mononeuropathies and has a lifetime 
risk around 10% [1]. CTS typically presents with a characteris-
tic pattern of abnormal sensation and pain in the ventral palm, 
thumb, index, middle, and radial half of the ring fingers and is 
bilateral in about 65% of patients at first presentation [2].

Etiology and pathophysiology CTS is caused by ischemia of 
the median nerve due to elevated pressure within the confined 
carpal tunnel. Risk factors for the development of CTS include 
elevated body mass index (BMI), female gender (3:1 ratio), dia-
betes, hypothyroidism, rheumatoid arthritis, and occupational 
risk factors, which predispose to repetitive wrist flexion and 
extension [2]. The increased pressure can be a result of wrist 
position, flexor tenosynovitis (e.g., rheumatoid arthritis), wrist 
trauma, fibrosis of the surrounding connective tissue, congeni-
tally small tunnel, or idiopathic. CTS is also fairly common dur-
ing pregnancy, especially during the third trimester and may 
persist after delivery if the mother is breastfeeding.

Normal CT pressure is less than 5 mm Hg in a neutral 
position but can be elevated to 20–30 mm Hg when using a 
computer mouse. At these elevated pressures, there is a 
decrease in median nerve blood flow [1]. An increased pres-
sure can result in demyelination and, in more advanced 
cases, axonal loss. Sensory nerves are typically affected first 
and undergo demyelination followed later by axonal loss. 
Motor fibers are affected later and muscle atrophy is often 
considered an absolute indication for surgery.

Anatomy The median nerve is formed by the convergence of 
the medial and lateral cord of the brachial plexus and has con-
tributions from the ventral roots of C5 to T1. The nerve 
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descends lateral to the brachial artery in the arm until the nerve 
crosses over the brachial artery at the elbow and under the 
bicipital aponeurosis between the pronator teres and the biceps 
tendon. The nerve then passes between the two heads of the 
pronator teres. Compression at these points can lead to prona-
tor syndrome. The nerve then innervates the flexor–pronator 
muscles, including the superficial layer (pronator teres, flexor 
carpi radialis, and palmaris longus) and the intermediate layer 
(flexor digitorum superficialis) before the takeoff of the ante-
rior interosseous nerve, which innervates the deep layer (the 
flexor digitorum profundus of the index and middle fingers, 
flexor pollicis longus, and pronator quadratus). Approximately 
5 cm proximal to the wrist, the palmar cutaneous branch of the 
median nerve arises from the main trunk and travels superfi-
cial to the carpal tunnel to innervate the skin in the radial palm; 
this area is spared in CTS. The median nerve then passes into 
the carpal tunnel and divides into the recurrent motor branch 
supplying the thenar muscles (opponens pollicis, abductor 
pollicis brevis, superficial head flexor pollicis brevis) and the 
palmar digital branches innervating the ulnar two lumbricals 
and the median-innervated skin. Table 32.1 outlines differen-
tial diagnosis of carpal tunnel syndrome.

32.1.4  Clinical Presentation

Patients commonly endorse a nighttime sensation of burn-
ing, tingling, or numbness primarily in the median nerve dis-
tribution of the affected hand. In some instances, the 
discomfort will radiate proximally as well. The symptoms 
may be aggravated during the day by activities such as driv-
ing, reading, or computer use. They may “shake out” their 
hands to relieve the numbness. As the condition progresses, 
the irritability symptoms may subside and be replaced by 
constant numbness. Over time, the numbness may become 
constant, and patients may have difficulty with activities 
such as fastening buttons or picking up small objects. In the 
physical examination and diagnostic workup sections, we 
will address differentiating CTS from some other patholo-
gies that can mimic symptoms of CTS (Table 32.1).

32.1.5  Physical Examination

Evaluation of the median nerve should include both sensory 
and motor examination. Sensation should be assessed proxi-
mal and distal to the carpal tunnel, as proximal sensory 
changes may be indicative of other diagnoses. Muscle bulk 
and strength should be evaluated and one should also consider 
the patient’s comorbidities. Thenar atrophy in numerous stud-
ies is considered an absolute indication for operative release.

32.1.5.1  Provocative Maneuvers
Tinel test: Firm percussion just proximal to or over the trans-
verse carpal ligament (Fig. 32.1). A positive test elicits tin-
gling or electric shock–like sensations in the median nerve 
distribution. It is estimated to be about 50% sensitive and 
77% specific [2]. It may be negative in advanced cases.

Phalen maneuver Patient fully flexes the wrist with the 
elbow extended or, alternatively, presses the dorsum of the 
hands together causing hyperflexion of both wrists (Fig. 32.2). 
It is estimated to be about 68% sensitive and 73% specific [2].

Carpal compression test Examiner applies manual pressure 
over the transverse carpal ligament recreating the pain or 
paresthesias in the median dermatome (Fig. 32.3). It is esti-
mated to be about 64% sensitive and 83% specific [2].

The hand elevation test The patient holds their hand above 
their head for 1 minute and is positive if their symptoms are 
recreated. It is estimated to have similar sensitivity and spec-
ificity to the Phalen maneuver and Tinel test [2].

32.1.6  Diagnostic Workup

32.1.6.1  Electrodiagnostic Testing (EDX)
Nerve conduction studies (NCS) can localize the lesion, 
assess the degree of injury, and rule out other pathology. 
Needle electromyography (EMG) is frequently used to aug-
ment the NCS and can help rule out plexopathy, polyneu-
ropathy, and radiculopathy. The NCS and EMG combined 
provide a high degree of sensitivity and specificity, and stud-
ies should be conducted bilaterally.

Nerve compression initially causes demyelination, which 
will cause delayed distal latencies in the NCS. With progres-
sion, there can be axonal loss, which manifests as decreased 
amplitude of the compound motor action potential (CMAP) and 
sensory nerve action potentials (SNAP). The degree of severity 
is important in deciding the appropriate course of treatment and 
the likelihood of improvement versus progression of disease. 
More advanced cases are unlikely to resolve with conservative 
management and should be referred for operative release.

32.1.6.2  Neuromuscular Ultrasound
In patients with CTS, there is an increase in the cross- 
sectional area of the median nerve at the distal wrist crease. 

Table 32.1 Differential diagnosis of carpal tunnel syndrome

Cervical radiculopathy 
(particularly C6, C7)

Brachial plexopathy

Cervical spondylotic myelopathy Proximal median neuropathy
Motor neuron disease (e.g., ALS) Fibromyalgia
Ligament disruption Forearm or hand compartment 

syndrome
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Multiple high-quality studies use a cutoff of 8.5–10 mm for 
diagnosis, though the optimal cutoff has varied [2]. Some 
recent studies using cross-sectional area cutoffs have demon-
strated good interrater reliability and sensitivity and specific-
ity approaching or surpassing electrodiagnostic studies. 
Additionally, ultrasound can shed light on anatomic abnor-
malities that may be causing injury such as ganglion cysts. It 
is also helpful to compare the cross-sectional area of the 
affected versus contralateral nerve at the distal wrist crease. 
One such study used a cross-sectional area difference of 
2.5mm2 and was 97% sensitive and 100% specific [3].

32.1.6.3  Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is typically reserved for 
unusual cases or to rule out other pathology such as a mass. 
It can provide information on abnormal nerve, tendon, vas-
cular structures, or other soft tissue anomalies.

Fig. 32.1 Tinel test

Fig. 32.2 Phalen maneuver

Fig. 32.3 Carpal compression test
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32.1.7  Treatments

32.1.7.1  Medical Management
Splinting is a commonly used and widely available non- 
surgical treatment for CTS. It is most effective in mild cases 
and has less evidence of support in moderate to severe cases 
[1]. In addition to providing pain relief and improving dura-
tion or quality of sleep, splints help patients become more 
aware of hand positioning and those activities that  exacerbate 
their symptoms. Although NSAIDs are commonly pre-
scribed, there is little evidence to support its effectiveness in 
treating CTS. Oral corticosteroids can also be used but may 
be more limited by comorbidities, patient tolerance, and 
duration due to their systemic effects.

32.1.7.2  Rehabilitation
Occupational and physical therapy can be beneficial in both 
conservative and surgical management of CTS. Conservative 
management focuses on symptom reduction and typically 
includes splinting, tendon gliding exercises, and patient edu-
cation. Education includes activity modifications, ergonom-
ics, and adaptive equipment to reduce symptoms and improve 
the client’s ability to participate in daily activities. Physical 
agent modalities such as ultrasound and iontophoresis have 
been used in the conservative treatment of CTS but are not 
strongly supported by evidence.

If conservative treatment is unsuccessful, patients may be 
referred for surgical intervention. Rehabilitation after carpal 
tunnel release surgery begins with wound care, splinting, edema 
control, and ROM exercises. This is followed by scar mobility, 
desensitization, tendon gliding exercises, and progression of 
strengthening exercises as appropriate. The therapist will also 
educate the client on postoperative precautions, adaptive equip-
ment, and activity modifications to promote healing of the surgi-
cal site and maximize independence with daily activities.

32.1.7.3  Procedures

CTS Corticosteroid Injection (CPT Code 20526)
Corticosteroid is a widely accepted treatment for relief of 
symptoms in CTS. The INSTINCTS trial showed that when 
compared to night splinting alone, patients undergoing car-
pal tunnel injection had less pain and better hand function at 
6 weeks and no adverse events were reported. Additionally, 
the treatment was found to be cost-effective because of the 
low cost of a single dose of methylprednisolone and the ear-
lier onset of relief that was sustained over 6  months [4]. 
Injections are commonly performed under landmark or 
imaging guidance (Fig. 32.4).

Median Nerve Hydrodissection
This is another treatment for nerve entrapment via injection 
of anesthetic, saline, or 5% dextrose and is sometimes 
accompanied by a small volume of steroid. The goal is to 
provide separation of the nerve from the surrounding tissue, 
fascia, or adjacent structures relieving compressive forces 
that may cause relative ischemia. Hydrodissection (HD) with 
normal saline (NS) has been shown to outperform an injec-
tion of NS subcutaneously placed above the carpal tunnel 
(control) by a greater decrease in Boston Carpal Tunnel 
Syndrome Questionnaire (BCTSQ) score, better functional 
status, and decreased nerve cross-sectional area at 6 months. 
Studies have also demonstrated an even greater improvement 
in pain, functional status, and edema in a group comparing 
dextrose 5% in water HD with NS HD at 6 months [5].

CTS PRP Injection (CPT: 0232T)
Several RCTs have compared platelet-rich plasma (PRP) 
injections to various conservative treatments, and multiple 
systematic reviews and meta-analyses have evaluated the 
efficacy of PRP in carpal tunnel syndrome (CTS) [6–8]. 

a b

Fig. 32.4 Ultrasound-guided carpal tunnel injection. (a) Transducer 
position for transverse imaging of the carpal tunnel and in-plane needle 
approach. (b) Transverse sonogram of the carpal tunnel with a 25 gauge 

needle (arrows) passing a shallow oblique angle deep to the median 
nerve (MN)
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While corticosteroids consistently had short-term benefit 
over PRP injections, the 3–6  months data suggest better 
symptom relief with PRP treatment compared with cortico-
steroids and other conservative treatments [6–8]. The studies 
are limited due to the variability in PRP preparations and the 
definition of the control group (splint, steroid, or saline injec-
tion, no treatment.) PRP may also be effective as an adjuvant 
treatment with carpal tunnel release, facilitating earlier 
recovery of grip strength [9]. Studies including median nerve 
cross-sectional area by ultrasound and NCS have not conclu-
sively demonstrated a clear benefit of PRP over traditional 
treatment [8, 10, 11].

Percutaneous CTS Release (CPT: 64721+ 76342 US 
Guidance)
Ultrasound-guided carpal tunnel release is a minimally inva-
sive procedure performed under local anesthesia to release 
the median nerve by transecting the transverse carpal liga-
ment (TCL). It combines a small incision with real-time 
ultrasound visualization of at-risk structures including the 
median nerve, recurrent motor branch, ulnar vessels, and 
superficial palmar arch. Several methods for release have 
been described ranging from the use of a spinal needle and 
surgical dissecting thread to single-use disposable devices 
with a retractable cutting blade (Fig. 32.5) [12–17]. These 
various techniques have proven clinical success of greater 
than 95% with a reduced post-procedure recovery time com-
pared to traditional surgical approaches and without any sig-
nificant complications reported to date [12, 13, 18, 19].

32.1.7.4  Surgery
Open surgical treatments are discussed in Chap. 37.
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Fig. 32.5 Ultrasound-guided carpal tunnel release. (a) Intraprocedural 
ultrasound images during transverse carpal ligament transection dem-
onstrate a short-axis image of the carpal tunnel following insertion of 
the device (arrow) and inflation of the balloon (b). The device is posi-
tioned within the transverse safe zone ulnar to the median nerve (cir-
cle). S scaphoid, FCR flexor carpi radialis, FT flexor tendons, A ulnar 

artery. (b) Longitudinal image (distal to the right, proximal to the left) 
shows the device (arrowheads) cutting the transverse carpal ligament 
(star) with the hook of the device deployed (arrow). (c) The SX-One 
MicroKnife device (Sonex Health) used to transect the transverse car-
pal ligament
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33.1  De Quervain’s Tenosynovitis

33.1.1  Synonyms

• Radial styloid tenosynovitis
• Stenosing tenosynovitis
• De Quervain’s tendinosis
• Washerwoman’s sprain

33.1.2  ICD 10 Code

M65.4

33.1.3  Description

De Quervain’s tenosynovitis is a painful condition involving 
the abductor pollicis longus (APL) and the extensor pollicis 
brevis (EPB) in the first dorsal wrist compartment. It is an 
overuse injury resulting in thickening of the APL and/or EPB 
tendon and extensor retinaculum. Local trauma and scar tis-

sue can restrict tendon movement and precipitate pain. The 
APL and EPB tendons pass through the first wrist compart-
ment, in a fibro-osseous tunnel, and inflammation of the ten-
don or thickening of the extensor retinaculum can restrict 
gliding of the tendons resulting in a local stenosing effect. 
Chronic de Quervain’s tenosynovitis has also been attributed 
to myxoid degeneration and increased vascularity rather than 
acute inflammation [1]. Differential diagnosis of de 
Quervain’s tenosynovitis is given in Table 33.1.

33.1.3.1  Anatomy

Extensor pollicis brevis EPB originates from the dorsal 
radius and inserts on the proximal phalanx of the thumb. 
Functionally, it is involved in radial abduction of the wrist 
and thumb extension. Innervation is by the radial nerve.

Abductor pollicis longus APL originates from the dorsal 
radius and ulna. The APL may have multiple tendon slips 
and inserts onto the trapezium with the abductor pollicis bre-
vis, opponens pollicis, and anterior oblique ligament. It is 
one of the deep extensor muscles of the forearm and lies 
deep to the supinator. Functionally, the APL is involved in 
abduction of the thumb and extension of the first carpometa-
carpal (CMC) joint. Innervation is by a terminal branch of 
the radial nerve.
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Table 33.1 Differential diagnosis of de Quervain’s tenosynovitis

Differential diagnosis Key elements
Osteoarthritis of the first 
carpometacarpal joint (base 
of the thumb)

Radiographs will show the first CMC 
OA typical progressive.

Intersection syndrome Pain is more proximal than de 
Quervain’s tenosynovitis.

Gamekeeper or skier’s 
thumb

Due to radial deviation of the thumb 
and pain is focal over the medial 
thumb. Typically traumatic.

Flexor tenosynovitis Pain is volar to the first compartment. 
Can be acute or chronic presentation. 
Pyogenic cases are surgical 
emergencies.
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33.1.4  Clinical Presentation

Patients typically present with pain over the radial styloid 
joint, which worsens with activities that cause ulnar devia-
tion such as clenching a fist. Activities associated with this 
type of pain include golfing, lifting children, and hammer-
ing. The patient may also endorse paresthesias and/or weak-
ness in the affected hand. A thorough history should include 
trauma, evolution of symptoms, work or daily activities, and 
current or recent pregnancy. History can help eliminate some 
of the differentials noted above (Table 33.1).

33.1.5  Physical Examination

There is tenderness over the base of the radial thumb. A 
“catching” or “snapping” sensation may be palpable over the 
first dorsal compartment of the wrist when performing range 
of motion (ROM) testing.

33.1.5.1  Special Test

Finkelstein’s test Patient thumb is flexed and held inside a 
closed fist and the wrist is then ulnarly deviated. Test is posi-
tive if it reproduces pain over the first dorsal compartment. 
Eichhoff’s test is similar, but the patient performs the move-
ments themselves (Fig. 33.1).

33.1.6  Diagnostic Workup

X-rays These are non-diagnostic for de Quervain’s tenosy-
novitis but can be used to rule out osteoarthritis (OA) of the 
first carpometacarpal joint or radiostyloid joint and other 
bony abnormalities that may cause radial wrist pain.

Ultrasound (US) Findings can include hypoechoic thicken-
ing of the APL and EPB tendons (Fig. 33.2), tenosynovitis of 
the tendon sheath, split tear of the tendon, thickening of the 
overlying retinaculum (Fig. 33.3), and neovascularization on 
power Doppler imaging. An inter-tendinous septum between 
the APL and EPB tendons can usually be identified and may 
have implications for management when injection of the ten-
don sheath is considered [2].

Magnetic resonance imaging (MRI) Findings can include 
tenosynovitis or tendinosis of the APL and EPB, thickening 
of the retinaculum, and linear split tear. MRI has a high sen-
sitivity and specificity for de Quervain’s tenosynovitis [3].

33.1.7  Treatments

33.1.7.1  Medical Management

Nonsteroidal anti-inflammatory drugs (NSAIDs) NSAIDs 
can be administered in oral, topical, or injectable formula-
tions. Iontophoresis has also been used in delivery of anti- 
inflammatory medications (typically dexamethasone).

Thumb spica splints Splinting has been shown to decrease 
pain by immobilizing thumb and wrist joint tendons and 
decreasing thumb metacarpal phalangeal (MP) joint flexion 
and wrist ulnar deviation. A forearm-based thumb spica 
splint should position the wrist joint in neutral, carpometa-
carpal joint in 30° of flexion and abduction, while leaving 
the thumb interphalangeal joint free [4].

33.1.7.2  Rehabilitation
Physical or occupational therapy for de Quervain’s tenosy-
novitis therapy focuses on splinting, therapeutic ultrasound, 
iontophoresis, eccentric therapeutic exercise to assist in soft 
tissue mobilization, and education. The goal of therapeutic 
exercises is to enhance gliding of the APL and EPB tendons 
in the first dorsal compartment. Pain-free active range of 
motion (AROM) exercise is initiated to the patient’s toler-
ance, focusing on the wrist and thumb joints. Tendon gliding 
of the APL and EPB tendons is gently incorporated into 
thumb MP flexion combined with wrist ulnar deviation [5]. 
Strengthening exercises are then initiated to assist in return 
to functional activity. Activity modifications and adaptive 
equipment can improve an individual’s function and decrease 
symptoms during daily activities.

In post-surgical cases after a first dorsal compartment 
release, rehabilitation will start with splinting, gentle range 
of motion exercise, scar management, and desensitization. 
The therapist will then progress the patient through strength-
ening exercises and returning to daily activities as 
appropriate.

Fig. 33.1 Eichhoff’s test with thumb clinched within grip and ulnar 
deviation. Finkelstein’s test is similar, but the ulnar deviation is per-
formed actively by the examiner

C. Elmore et al.
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33.1.7.3  Procedures

Corticosteroid Injection (CSI)
Corticosteroids have been shown to be effective, with 
patients remaining symptom free at 6  months in up to 
80–82% of cases [1, 6]. In another study, 70% of patients 
responded to 1 or 2 injections [1].

Platelet-Rich Plasma (PRP)
The literature on PRP’s role in treatment is still being evalu-
ated, but one case study combined US-guided percutaneous 
needle tenotomy with PRP injection and found that at 
6 months, visual analog scale (VAS) pain scale had decreased 
by 63% [7].

Prolotherapy
Another option for failed conservative management is pro-
lotherapy with a mix of local anesthetic and dextrose. One 
case study showed that a 4 mL combination of 1% lidocaine 
with 12.5% dextrose provided complete pain relief for 
2  months, equivalent to steroid injection, without any 
adverse effects [8].

33.1.8  Surgery

33.1.8.1  Ultrasound-Guided Percutaneous 
Release

Ultrasound (US) is highly effective in visualizing superficial 
structures of the forearm, wrist, and hand. Emerging tech-
niques such as US-guided percutaneous release of the reti-

a b

c

Fig. 33.2 (a) Sonogram of the first dorsal compartment in a postpar-
tum wrist, showing neovascularization of the tendon (arrows) in the 
long axis and thickening of the retinaculum (arrowheads). (b) Short- 
axis views of the tendons demonstrate neovascularization of the exten-
sor pollicis brevis (EPB) and abductor pollicis longus (APL). The APL 

tendon appears thickened with degenerative changes. (c) There is a 
hypoechoic halo with neovascularization surrounding the EPA and APL 
tendons with thickening of the APL. (Image courtesy of Ali Mostoufi, 
MD, Boston Regenerative Medicine)

Fig. 33.3 Ultrasound of the radial wrist joint (*) in the long axis dem-
onstrating thickened retinaculum (open arrows) causing stenosing teno-
synovitis of APL/EPB (arrows). (Image from authors library)

33 Radial-Side Wrist Disorders
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naculum overlying the first dorsal extensor compartment 
have shown promising results (Fig.  33.4). In one study, 
91.4% of patients had a negative Finkelstein test at the 
1 month follow-up and decreased pain within 7 days of the 
procedure [6].

33.1.8.2  Open Surgical Release
In recalcitrant cases, surgical intervention can be considered. 
An incision through the extensor retinaculum is made over 
the first dorsal extensor compartment followed by the release 
of any sub-compartments such as the one frequently found 
with EPB, and return to activity is typically 2–3 weeks after 
surgery [1]. Surgical treatment of wrist and hand is discussed 
in Chap. 37.

33.2  Thumb Carpometacarpal 
Osteoarthritis

33.2.1  Synonyms

• First CMC OA
• Thumb arthritis
• Basal joint arthritis
• CMC osteoarthritis
• Trapeziometacarpal arthritis

33.2.2  ICD 10 Code

M18.9

33.2.3  Description

Degenerative osteoarthritis of the carpometacarpal (CMC) 
joint is a common, progressive, and painful condition, even-
tually causing weakness and decreased range of motion of 

the joint. Differential diagnosis of thumb carpometacarpal 
osteoarthritis is presented in Table 33.2.

Etiology The first CMC joint is the most affected single 
joint involved in hand OA [9]. The risk factors include age 
and female sex, white ethnic groups, high body mass index 
(BMI), history of traumatic radial subluxation [10], and 
Ehlers–Danlos syndrome or hereditary ligament laxity [9]. 
The lifetime prevalence has varied in the literature. A 2020 
meta-analysis found the prevalence of radiographic CMC 
osteoarthritis to be 5.8% in males and 7.3% in females at age 
50. At age 80, the prevalence was 33.1% in males and 39% 
in females [9].

Pathophysiology Osteoarthritis is a chronic degenerative 
disease of the cartilage. Progression of the first CMC osteo-
arthritis can eventually result in instability and subluxation 
of the first metacarpal on the trapezium. Studies also suggest 
a role for the peptide hormone relaxin, which may help 
explain an elevated female predilection [11]. Instability con-
tributes to progressive deterioration of the cartilage and pain, 
altered thumb mechanics, and hyperextension of the meta-
carpophalangeal joint.

Anatomy The first CMC joint is a synovial saddle joint 
between the trapezium and first metacarpal. Movement 
includes flexion, extension, abduction, adduction, opposi-
tion, retroposition, and circumduction (Table 33.3). Multiple 
ligaments may be implicated in the progressive instability, 
including the dorsal deltoid ligament complex of the thumb, 
anterior and posterior oblique carpometacarpal ligaments, 
lateral ligament, and fibrous capsule. Blood supply comes 
from the first dorsal metacarpal branch of the radial artery. 
The joint is innervated by a combination of the lateral ante-
brachial cutaneous nerve, palmar cutaneous branch of the 
median nerve, and the superficial radial nerve.

33.2.4  Clinical Presentation

History typically involves the insidious onset of progressive 
pain at the base of the thumb. The first CMC osteoarthritis 
can greatly impact an individual’s ability to participate in 

Fig. 33.4 Percutaneous release for de Quervain’s tenosynovitis with a 
Nokor (arrows). (Image from authors’ library)

Table 33.2 Differential diagnosis of thumb carpometacarpal 
osteoarthritis

De Quervain’s tenosynovitis
Carpal tunnel syndrome
Gamekeeper’s thumb
Rheumatoid arthritis
Arthritis of the radial styloid
Arthritis of scaphotrapezial trapezoidal (STT) joint
Trigger thumb

C. Elmore et al.
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daily activities, and activity may worsen symptoms, includ-
ing turning of door knobs, pinching and gripping maneuvers, 
and wringing out washcloths. As noted above (Table 33.2), a 
variety of pathology can present similarly so the special tests 
noted below can help narrow the differential.

33.2.5  Physical Examination

Grip strength should be tested to assess for weakness or rec-
reation of symptoms. The provider should assess for tender-
ness over the first CMC joint as well as range of motion.

33.2.5.1  Special Test

 1. Axial grind test assesses the integrity of the thumb CMC 
joint and a positive test is indicative of arthrosis and/or 
synovitis. The test is performed by gripping the thumb 
metacarpal, applying axial force and rotating in a circle. 
Reproduction of pain and crepitus is a positive test. The 
sensitivity and specificity are estimated to be 30% and 
97%, respectively [11].

 2. Traction-shift test: In this test, the metacarpal is passively 
subluxed and relocated. Reproduction of pain is consid-
ered a positive test. Sensitivity and specificity have been 
estimated at 67% and 100%, respectively [11].

33.2.6  Diagnostic Workup

33.2.6.1  X-Rays
Imaging typically includes posteroanterior, lateral, and 
oblique views. These may be supplemented with a basal joint 
stress view, which is obtained in the posterior–anterior (PA) 
projection with the patient firmly pressing the thumbs 
together, and provides an increased visualization of the basal 

joint articulations, and allows assessment of trapeziometa-
carpal joint subluxation, which may not be apparent on rou-
tine radiographs [12]. These images can then be applied to 
the Eaton–Littler classification system for staging 
(Table 33.4).

• The Robert view, with thumb positioned with the dorsal 
side of the hand flat on the plate with pronation of the 
wrist, allows visualization of all four trapezial 
articulations

• The Lewis modification is similar to the Robert view but 
angles 150 proximally and is preferred by some.

33.2.6.2  Ultrasound
It can be used to evaluate thickness and integrity of liga-
ments, including the anterior oblique ligament, joint effu-
sions, synovitis, and osteophytes.

33.2.6.3  MRI and MR Arthrography
They both can be used to provide an in-depth ligamentous 
information to delineate between superficial and deep AOL 
and 3D reconstruction for operative planning.

33.2.6.4  CT Scan
It also can be used in perioperative planning in addition to 
plain films due to a higher inter-observer reliability and OA 
detection [12].

33.2.7  Treatment

33.2.7.1  Medical Management
Conservative management in mild to moderate cases typi-
cally includes activity modification, oral and topical nonste-
roidal anti-inflammatory (NSAID) and analgesic 
medications, orthoses, and strengthening and flexibility 
exercises. At least one randomized controlled trial (RCT) 
trial showed oral analgesics supplemented with a topical 
NSAID showed an improvement in pain of 40% in hand 
osteoarthritis, though it does not alter the natural history 
[12]. Renal function should be monitored when prolonged 
NSAID use is considered.

Table 33.3 Movement of the thumb and corresponding muscle 
activation

Flexion Opponens pollicis, flexor pollicis brevis, flexor 
pollicis longus

Extension Abductor pollicis longus, extensor pollicis longus, 
extensor pollicis brevis

Abduction Abductor pollicis longus, abductor pollicis brevis
Adduction Adductor pollicis, extensor pollicis longus
Opposition Simultaneous activation of muscles of abduction, 

flexion, and pronation
Retroposition Extensor pollicis longus
Circumduction Sequential extension, abduction, flexion, and 

abduction

Opposition is a motion in which thumb pulp contacting the fifth digit 
pulp. Retroposition is elevation of pulp of the thumb into extension and 
ulnar adduction

Table 33.4 Eaton–Littler classification of thumb carpometacarpal 
(CMC) osteoarthritis [4]

Stage I Subtle carpometacarpal (CMC) joint space widening
Stage 
II

Slight (CMC) joint space narrowing, sclerosis, cystic 
changes with osteophytes or loose bodies <2 mm

Stage 
III

Advanced CMC joint space narrowing, sclerosis, and cystic 
changes with osteophytes or loose bodies >2 mm

Stage 
IV

Stage III changes + scaphotrapezial OA
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33.2.7.2  Rehabilitation
Occupational and physical therapy may include splinting, 
therapeutic exercises, and education. Education includes 
joint protection strategies, activity modifications, and the use 
of adaptive equipment to increase independence with daily 
activities. Thermal modalities such as paraffin and hot packs 
are commonly used for pain management and have been 
shown to decrease pain in some cases; however, they are not 
strongly supported by evidence [13, 14].

33.2.7.3  Procedures
Corticosteroid injection (CSI), with or without local anes-
thetic, has shown short-term benefit [11, 15]. Hyaluronic 
acid and platelet-rich plasma (PRP) injections have also been 
studied for the first CMC osteoarthritis. A systematic review 
suggested that hyaluronic acid and CSI both provided pain 
relief with hyaluronic acid shown to be more effective and 
longer lasting [11].

A RCT published in 2021 comparing intra-articular PRP 
to CSI found that in mild to moderate disease, PRP was 
effective and yielded significantly better results in VAS pain 
scores, functional scores using Q-DASH, and patient satis-
faction when compared to CSI [15].

33.2.7.4  Surgery
Failing other treatment modalities, a number of surgical 
approaches exist. These include extension osteotomy, CMC 
arthroscopy and debridement, trapeziectomy with or with-
out ligament reconstruction, trapeziectomy with tightrope 
suspension, CMC arthrodesis, and implant arthroplasty. 
Surgical treatment of the wrist and hand is discussed in 
Chap. 37.

33.3  Intersection Syndromes

33.3.1  Synonyms

• Oarsmen’s wrist
• Crossover syndrome
• Squeaker’s wrist
• Abductor pollicis longus bursitis
• Abductor pollicis longus syndrome
• Subcutaneous polymyositis
• Peritendinitis crepitans

33.3.2  ICD 10 Code

• M65.841, other synovitis and tenosynovitis, right hand
• M65.842, other synovitis and tenosynovitis, left hand
• M65.849, other synovitis and tenosynovitis, unspecified 

hand

33.3.3  Description

Intersection syndrome is a painful condition of the forearm 
that has been described in two locations. Proximal intersec-
tion syndrome is a tenosynovitis involving the first and sec-
ond dorsal compartments of the wrist extensors about 4–6 cm 
proximal to Lister’s tubercle. Distal intersection syndrome is 
a tenosynovitis involving the second and third extensor 
compartments.

Anatomy The dorsal wrist extensor tendons are split into six 
compartments, and each is occupied by one or two extensor 
tendons (Table 33.5).

Etiology In the forearm, the extensor tendons cross over 
each other predisposing them to friction-type forces, and 
similar to other tendinopathies, overuse can predispose to 
inflammation and pain. The risk factors are similar to those 
of other tendinopathies of the hand and wrist and include 
activities such as rowing, weightlifting, cycling, skiing, and 
repetitive flexion/extension activities. Incidence and preva-
lence among males and females are equal. The overall 
 incidence of proximal intersection syndrome is 0.2–0.37% 
[16]. Distal intersection syndrome is rare compared to the 
more common proximal intersection syndrome [17].

Pathophysiology Repetitive flexion and compressive forces 
can irritate and damage the tendon sheath leading to inflam-
mation, tenosynovitis, swelling, pain, and decreased func-
tional ability.

• Proximal intersection syndrome is defined anatomically 
as where the abductor pollicis longus (APL) and extensor 
pollicis brevis (EPB) cross over the extensor carpi radialis 
brevis (ECRB) and extensor carpi radialis longus (ECRL). 
This point of intersection between the first and second 
extensor compartment typically occurs 4–6 cm proximal 
to the radial styloid, just proximal to the extensor reti-
naculum and Lister’s tubercle.

• Distal intersection syndrome is defined anatomically as 
where the extensor pollicis longus (EPL) tendon crosses 
over the extensor carpi radialis tendons (ECRB and 

Table 33.5 Dorsal wrist extensor compartments and its tendons 
(radial to ulnar)

Compartment 1 (most radial) Abductor pollicis brevis
Extensor pollicis brevis

Compartment 2 Extensor carpi radialis brevis (ECRB)
Extensor carpi radialis longus (ECRL)

Compartment 3 Extensor pollicis longus
Compartment 4 Extensor indices

Extensor digitorum communis
Compartment 5 Extensor digiti minimi
Compartment 6 Extensor carpi ulnaris

C. Elmore et al.
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ECRL), and pathology occurs at the intersection of the 
second and third extensor compartment. Lister’s tubercle 
acts as a pully for the EPL, mechanically predisposing the 
tendon to injury due to the mechanical disadvantage 
placed on the tendon. Progression to EPL tendon rupture 
has been reported [17].

33.3.4  Clinical Presentation

History typically includes focal dull aching pain in the dor-
soradial distal forearm over the area of intersection. Patients 
are likely to deny any known history of trauma or falls. The 
pain may be exacerbated by wrist extension or ulnar devia-
tion. History, exam, and imaging can all be used to help nar-
row the differential (Table 33.6).

33.3.5  Physical Examination

Examination usually reveals tenderness to palpation at the 
sites of intersection. Localized swelling and crepitus may be 
felt with passive ranging and palpation. Pain and crepitus can 
also be elicited with resisted wrist and thumb extension. 
Resisted pronation can recreate the symptoms and is specific 
to intersection syndrome. This test can help differentiate the 
condition from de Quervain’s tenosynovitis [16, 18]. 
Tenderness in de Quervain’s tenosynovitis is near the radial 
styloid, whereas tenderness in intersection syndrome is found 
4–6 cm proximal to the radial styloid and Lister’s tubercle.

33.3.6  Diagnostic Workup

Clinical exams are usually sufficient, but imaging, in particu-
lar the US, may assist with accurate diagnosis.

Radiographs Plain films have minimal utility in diagnosing 
intersection syndrome but can be used to rule out other 
pathology.

Ultrasound US is the imaging of choice for intersection 
syndrome. The structures are superficial and easily imaged 
with a linear probe. Images consistent with the syndrome 

may show areas of hypoechoic inflammatory fluid between 
the two compartments. The US may also visualize tendon 
thickening or damage. US can also be used in interventional 
treatment [16].

MRI MRI can provide high fidelity images of the soft tis-
sues and compartments but is usually not necessary as the 
US is more accessible, faster, and more cost-effective. In dis-
tal intersection syndrome, the anatomy of the EPL is difficult 
to examine with MRI as the tendon is flat and the tendon’s 
course results in false positives [17].

33.3.7  Treatment

33.3.7.1  Medical Management
Initial management is conservative, including activity modi-
fication, oral and topical nonsteroidal anti-inflammatory 
medications, cryotherapy, and short-term splinting.

33.3.7.2  Rehabilitation
After an initial rest phase, therapy consists of progressive 
stretching exercises and joint mobilization techniques. 
Progressive strength training should be initiated carefully to 
avoid relapse of symptoms and gradual return to daily 
activities.

33.3.7.3  Procedures
Corticosteroid injection, PRP, or prolotherapy may be effec-
tive options if conservative management has failed, although 
high-quality data is still lacking.

33.3.7.4  Surgery
In recalcitrant cases, surgical decompression has been 
reported. Return to full activities is suggested to be about 
4–6 weeks [1]. Surgical treatment of the wrist and hand is 
discussed in Chap. 37.

33.4  Scapholunate Ligament Injury

33.4.1  ICD 10 Code

S63, dislocation and sprain of joints and ligaments at wrist 
and hand level

33.4.2  Description

Scapholunate ligament (SLL) injury is a source of dorsora-
dial wrist pain, and chronic injuries are the most common 
cause of carpal instability [19].

Table 33.6 Differential diagnosis of intersection syndrome

De Quervain’s tenosynovitis Ganglion cyst
Myofascial pain or muscle 
strain

Osteoarthritis of the wrist first CMC 
joint

Metacarpophalangeal 
ligament tear

Radial nerve entrapment 
(Wartenberg’s syndrome)

Scaphoid fracture Cervical radiculopathy
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Etiology Most scapholunate ligament injuries are traumatic 
due to sudden force on the wrist with an extended and ulnarly 
deviated wrist [20]. In one study, 13.4% of distal radius frac-
tures were associated with scapholunate ligament dissocia-
tion [21]. The position a hand assumes when holding a 
steering wheel has also been described as a mechanism of 
injury to the ligament [20]. Individuals with chronic inflam-
matory conditions such as gout can have gradual breakdown 
of the scapholunate ligament as well as other carpal liga-
ments [22].

Pathophysiology The stability of the wrist is dependent on 
the anatomy and biomechanics of the wrist with the SLL 
playing a critical role in carpal stability. Disruption of the 
ligament results in altered carpal alignment and biomechan-
ics. Axial loads through the distal carpal row are evenly dis-
tributed, while 50% of the load through the proximal role is 
transmitted through the radioscaphoid joint and 35% across 
the radiolunate joint [20]. The SLL is between these load- 
sustaining bones and predisposes the ligament to injury. 
There are four stages of injury based on imaging classifica-
tion (Table 33.8), which range from stage I (occult), stage II 
(dynamic), stage III (SLL dissociation), and stage IV (dorsal 
intercalated segment instability [DISI]). Patients with stage I 
injuries may not initially seek out evaluation and only com-
plain of symptoms during certain activities involving 
mechanical loading. This stage has been termed pre-dynamic 
instability because of the implied progression for some but 
not all [19]. Higher-energy impacts are likely to lead to 
higher-grade injuries. Once the SLL is incompetent, there 
are altered kinematics and progressive deterioration of other 
ligaments and abnormal pressure on the cartilage of the 
wrist. This can lead to a pattern of wrist arthritis, namely, 
scapholunate advanced collapse (SLAC).

Anatomy The carpal bones are generally organized into 
two rows. The proximal row from radial to ulnar is made up 
of scaphoid, lunate, triquetrum, and pisiform. The distal 
row from radial to ulnar includes trapezium, trapezoid, cap-
itate, and hamate. There is no direct tendinous insertion to 
the scaphoid, lunate, or triquetrum, and their movement is 
dependent on mechanical forces of the surrounding 
tissues.

The scaphoid and lunate are bound by the SLL, which is 
composed of three histologically distinct regions [19]. The 
scapholunate interosseous ligament (SLIL) is the primary 
stabilizer of this joint, and this joint is the most frequently 
injured of the ligaments [19]. The SLIL attaches on the dor-
sal, proximal, and volar margins with the dorsal being the 
thickest and strongest [19]. The dorsal component resists 
distraction, torsion and translation. The palmar component 
contributes to rotational stability. Disruption of the SLIL can 

lead to progressive wear of the secondary stabilizers (scapho- 
capitate, scapho-trapezio-trapezoid, radio-scapho-capitate, 
and dorsal intercarpal ligaments) leading to further disrup-
tion and instability.

33.4.3  Clinical Presentation

Patients may describe a fall onto an outstretched hand fol-
lowed by progressive pain, decreased ability to bear weight 
with the wrist, and/or a feeling of instability. In the acute 
phase, there may be swelling and acute tenderness with pain 
potentially limiting provocative testing. In the subacute 
phase, patients may complain of continued pain, painful 
clunking or clicking sensation in the wrist, decreased grip 
strength, and localized pain over the dorsoradial wrist. 
Differential diagnosis of scapholunate ligament injury is pre-
sented in Table 33.7.

33.4.4  Physical Examination

Palpation of anatomic landmarks may elicit tenderness. The 
range of motion of the wrist and grip strength should be com-
pared to the contralateral wrist.

Scaphoid shift test The examiner’s thumb applies pressure 
to the scaphoid tubercle, while the subject’s hand is moved 
from ulnar deviation and slight extension to radial deviation 
and slight flexion. Pain should be recreated in a positive test, 
and if instability is present, there may be an audible or pal-
pable click as pressure is released and the scaphoid is allowed 
to spontaneously reduce. False positives occur in up to one- 
third of patients due to ligament hyperlaxity allowing for 
capito-lunate translation with similar findings [19].

33.4.5  Diagnostic Workup

X-rays Radiographs can help determine if there is malalign-
ment of the carpal bones. Four views should be obtained: 
posteroanterior (PA), lateral, scaphoid projection, and 
oblique view. Clenched fist views will load the carpal bones 
and widen the diastasis in cases of dynamic instability 
(Table 33.8).

Table 33.7 Differential diagnosis of scapholunate ligament injury

Pseudogout Scaphoid nonunion advanced 
collapse

Scaphotrapezial trapezoidal 
arthritis

Idiopathic osteonecrosis (Keinbock’s 
disease)

Infection
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CT arthrography Has improved upon traditional arthros-
copy and has been noted to be as sensitive as 85% and spe-
cific as 86% in detecting SLIL tears, although still rarely 
performed today [19].

MRI MRI depends on the strength of the magnet with some 
studies reporting as high as 89% sensitivity and 100% speci-
ficity with a 3-T magnet [19]. This is notably dependent on 
the radiologist and clinical provider. Results are improved 
with new wrist specific protocols and more powerful mag-
nets [19, 23].

33.4.6  Treatment

33.4.6.1  Medical Management
Nonsurgical management involves symptomatic treatment 
including activity modification, splinting, NSAIDs, and 
intra-articular corticosteroid injection (CSI). As in other 
wrist pathology, surgery is indicated in more severe cases or 
those poorly controlled with conservative management [24].

33.4.6.2  Rehabilitation
Rehabilitation of a scapho-lunate ligament injury will vary 
depending on the severity of the injury. For mild injuries, the 
first step is typically to immobilize the wrist in a neutral posi-
tion with a splint and allow the ligament to heal. After the 
immobilization period, the patient can begin progressive 
stretching and strengthening exercises under the supervision 
of an occupational or physical therapist. In addition, wrist 
stabilization exercises focused on the surrounding muscula-
ture are key to regaining carpal stability.

In more severe injuries, surgical intervention may be 
required to repair the ligament. Postoperative rehabilitation 
will begin with splinting, edema management, scar mobili-
zation, and active range of motion (AROM) of uninvolved 
joints to preserve joint mobility. In the next phase, the patient 
can begin AROM of the wrist in certain planes under the 
guidance of an occupational therapist (OT) or physical thera-
pist (PT). Modalities such as moist heat and ultrasound are 
often used during this phase but are not strongly supported 

by evidence. Finally, the patient can initiate weight bearing 
of the surgical hand and begin progressive strengthening 
exercises with the supervision of a therapist. Emerging 
research is exploring the role of dart thrower’s motion (DTM) 
and proprioception activities in the rehabilitation of these 
particular injuries [25].

33.4.6.3  Procedures
Wrist arthroscopy can be used in the acute phase for diagno-
sis and treatment decision-making by visualizing the 
involved ligaments.

33.4.6.4  Surgery
Early surgical intervention is considered the mainstay of 
treatment and should be repaired within 4–6 weeks as failure 
to intervene early can lead to deterioration of function, insta-
bility, pain, loss of grip strength, and articular damage [26], 
although stage 1 occult injuries may be amenable to conser-
vative management [19]. Acute or partial tears may involve 
arthroscopic debridement with or without capsulodesis. 
Complete tears can be repaired via direct repair of the SLL 
and dorsal radioscaphoid capsulodesis. Chronic or severe 
tears may require reconstruction of which there are numer-
ous options available [27]. Surgical treatment of the wrist 
and hand is discussed in Chap. 37.

33.5  Thumb Sprain

33.5.1  Synonyms

• Skier’s thumb
• Gamekeeper’s thumb

33.5.2  ICD 10 Code

• S63.642A, sprain of metacarpophalangeal joint of left 
thumb, initial encounter

• S63.621A, sprain of interphalangeal joint of right thumb, 
initial encounter

Table 33.8 Stages of scapholunate instability

I. Occult II. Dynamic III. SL dissociation IV. DISI
Ligament(s) Partial SLIL Incomplete or complete SLIL; 

partial volar extrinsics
Complete SLIL; dorsal or volar 
extrinsics

Complete SLIL, volar extrinsics, 
changes in RL, ST and DIC ligaments

Static XR Normal Usually normal SL gap ≥3 mm; RS angle ≥600 SL angle ≥70°, SL gap ≥3 mm; RL 
angle ≥15°, CL angle ≥15°

Stress XR Normal–abnormal 
fluoroscopy

Abnormal Grossly abnormal Unnecessary

Treatment Pinning or 
capsulodesis

SLIL repair with capsulodesis SLIL repair with capsulodesis vs 
triligament reconstruction

Reducible: triligament reconstruction
Fixed: intercarpal arthrodesis

Adapted from reference [19]
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33.5.3  Description

Injury to the ulnar collateral ligament (UCL) of the thumb 
along the medial metacarpophalangeal (MCP) joint can 
result in disruption of the UCL complex with or without an 
avulsion fracture. This is often called gamekeeper’s thumb in 
chronic valgus strain injuries and skier’s thumb for the acute 
counterpart prevalent among skiers where poles can cause a 
forced radial deviation of the thumb [28]. Differential diag-
nosis of thumb sprain is presented in Table 33.9.

Etiology Disruption of the UCL of the thumb MCP joint 
was first reported as laxity in Scottish gamekeepers due to 
chronic repetitive valgus strain. The same injury can also 
occur acutely. The most frequent mechanism of injury 
involves skiers falling on an outstretched hand holding a ski 
pole [28] and is the second most common skiing injury [29], 
accounting for up to one-third of all skiing injuries of the 
upper extremity [28]. It can also occur in sports where there 
are falls on the outstretched hand or those with direct ball 
impact on the thumb, as seen in volleyball and handball.

Pathophysiology Acute injury to the UCL is typically 
caused by forceful radial deviation of the thumb or a twisting 
injury to the thumb, causing a range of injuries from simple 
sprains to complete rupture of the ulnar ligamento-capsular 
complex and/or avulsion fracture of the ulnar-volar base of 
the proximal phalanx [28]. Even if the UCL is not completely 
torn, the aponeurosis can become interposed between a dis-
tally damaged UCL and metacarpal head causing disrupted 
healing, known as a Stener lesion [28].

Anatomy The thumb MCP joint is a hinge joint, which 
moves mainly in flexion and extension and to a lesser-degree 
adduction, abduction, and rotation [30]. The joint involves a 
proximal convex surface and distal concave surface. The 
soft-tissue structures that provide static restraint of the CP 
joint include the dorsal capsule, volar plate, radial collateral 
ligament (RCL), and UCL [30]. The collateral ligaments 
resist varus–valgus stress in varying degrees of flexion [30].

33.5.4  Clinical Presentation

Patients typically present with a history of trauma and com-
plain of pain in the MCP area, which is worsened by thumb 
extension or abduction. Swelling and hematoma may be 
present in the acute phase. In the subacute and acute phase, 

patients may report instability, [31] weakness, and difficulty 
holding large objects [28]. As with other pathology, history 
and physical exams are important in narrowing the differen-
tial (Table 33.9).

33.5.5  Physical Examination

A high degree of suspicion based on the history of the injury 
and localization of pain should lead to a detailed examina-
tion of the thumb, including observation for any anatomic 
abnormalities, swelling, and ecchymosis. Palpation may 
reveal localized tenderness to the MCP joint and UCL [28]. 
A Stener lesion (Fig. 33.5) may have a palpable and tender 
mass proximal to the adductor aponeurosis [28]. Valgus 
stress testing with the MCP joint in both neutral and flexed 
(about 45 degrees) can reveal laxity and pain. When tested in 
the flexed position, the UCL is isolated from other stabilizers 
[31]. This should be compared to the uninjured side, and a 
relative increase of 15–200 in laxity may indicate a UCL rup-
ture [31]. Pinch strength may also be decreased. Median and 
radial nerve block with local anesthesia can be used to aug-
ment the exam if stress testing cannot be assessed due to pain 
[28, 31].

33.5.6  Diagnostic Workup

X-rays Standard posteroanterior, lateral, and oblique radio-
graphs are used to identify bony lesions and avulsion fracture 
of the metacarpal or proximal phalanx. Stress films can also 
be obtained to determine the degree of UCL laxity.

Ultrasound (US) US is cost-effective and lends itself to 
dynamic evaluations where the MCP joint can undergo a val-
gus stress to further elucidate any defect. Sensitivity and 
specificity of ultrasound in detecting injuries of the UCL var-
ied from 76% to 100% and 81% to 100%, respectively, 
across the literature [32].

MRI MRI is more accurate and is the standard test in detect-
ing UCL injuries of the thumb with sensitivity and specific-
ity of 96–100% and 100%, respectively [32].

33.5.7  Treatment

33.5.7.1  Medical Management
Conservative treatments are based on symptomatic manage-
ment and early immobilization of the thumb MCP joint. The 
interphalangeal joint is not immobilized and ROM is encour-
aged. Many patients with partial injuries, or even tears with 

Table 33.9 Differential diagnosis of thumb sprain

De Quervain’s tenosynovitis MCP dislocation
Distal metacarpal fracture Proximal phalanx fracture
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avulsion injuries, do well with splinting. Some studies sug-
gest that up to 85% heal without residual instability, pain, or 
stiffness [31]. They can eventually move into a supervised 
therapy program 3–4 weeks after the injury [28].

33.5.7.2  Rehabilitation
Following a period of immobilization, rehabilitation includes 
progressive ROM exercises and a transition to strengthening 
exercises. Following surgical repair, the patient may require 
a rehabilitation program to regain full function of the hand. 
Postoperative therapy will begin with splinting, wound man-
agement, and edema management. After a period of immobi-
lization, patients can begin ROM exercises and progression 
to grip and pinch strengthening exercises as appropriate, 
with a gradual return to daily activities.

33.5.7.3  Procedure
PRP or prolotherapy may be an effective next treatment 
option if conservative options have failed, but clinical trials 
are lacking to this point.

33.5.7.4  Surgery
Surgical referral is indicated in patients with radiographs 
showing a bony avulsion fragment >2 mm displaced or frac-
ture involving >10–20% of the articular surface. Surgery is 
also indicated if there is evidence of a complete UCL tear 
[31] or if a Stener lesion is present (Fig. 33.5) [31]. Surgical 
treatment of the wrist and hand is discussed in Chap. 37.
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Ulnar-Sided Wrist Disorders
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34.1  Triangular Fibrocartilage Complex 
Injuries

34.1.1  Synonyms

None

34.1.2  ICD-10 Codes

• M24.131
• M24.132

34.1.3  Description

The triangular fibrocartilage complex (TFCC) is a ligamen-
tous complex that is one of the main stabilizers on the ulnar 
side of the wrist. Located between the carpus and the ulna, it 
not only serves as a load-bearing structure but also stabilizes 
the distal radioulnar joint (DRUJ). It is composed of the trian-
gular fibrocartilage disc proper (or central articular disc), dor-
sal and volar distal radioulnar ligaments, meniscal homolog, 
ulnocarpal collateral ligament, ulnotriquetral ligament, ulno-

lunate ligament, and extensor carpi ulnaris (ECU) tendon 
subsheath [1] (Fig. 34.1). When a wrist has neutral ulnar vari-
ance, the TFCC transmits and absorbs approximately 20% of 
the forces that cross the wrist [1, 2]. Blood supply to the 
TFCC comes from the terminal branches of the anterior and 
posterior interosseous arteries. While the peripheral 10–30% 
of the TFCC has adequate blood supply for healing, the cen-
tral and radial aspects are more poorly vascularized [3]. The 
Palmer classification is widely recognized as one of the best 
classifications for TFCC injuries [4] (Table 34.2). The differ-
ential diagnosis of TFCC injury is broad (Table 34.1).

34.1.4  Clinical Presentation

Injuries to the TFCC can result from both a traumatic inci-
dent and degenerative changes over time. Patients will usu-
ally present with ulnar-sided wrist pain with or without 
DRUJ instability that is aggravated by repetitive axial load-
ing, activities that require pronosupination, or ulnar devia-
tion [2]. Patients may report a clicking or clunking with 
forearm pronosupination, which may signify DRUJ instabil-
ity [3]. Because ulnar-sided wrist pain can result from a wide 
assortment of pathologies, care must be taken in gathering a 
thorough history from the patient to rule out other 
etiologies.

34.1.5  Physical Examination

A thorough musculoskeletal and neurologic physical exami-
nation is required in order to determine the best course of 
action. Inspection of the skin over the dorsal and volar wrist 
should be performed to look for any lesions, trophic changes, 
ecchymosis, or edema. Palpation of the bony prominences 
along the dorsal and ulnar wrist will assist in determining if 
there is suspicion for a fracture. Patients with TFCC injury 
will often have tenderness over the ulnar fovea, lunotrique-
tral interval, ECU tendon, or DRUJ [3]. The range of motion 
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Fig. 34.1 TFCC and its relevant anatomy. (From: Kovachevich and Elhassan [41]; with permission)

Table 34.2 Palmer classification of TFCC injury

Type 1 traumatic Type 2 degenerative
A. Central perforation A. TFCC wear
B.  Ulnar avulsion, with or 

without distal ulna fracture
B.  TFCC wear and lunate or ulnar 

chondromalacia
C. Distal avulsion C.  TFCC perforation and lunate 

or ulnar chondromalacia
D.  Radial avulsion, with or 

without sigmoid notch 
fracture

D.  Type 2C injury plus 
lunotriquetral ligament 
perforation

E.  Type 2D injury plus ulnocarpal 
arthritis

Table 34.1 Differential diagnosis for TFCC tears

ECU tendinopathy
DRUJ arthritis
Triquetral fracture
Ulnar neuropathy at Guyon’s canal
Lunotriquetral tear
Ulnar impaction syndrome
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should be checked in flexion–extension, radial–ulnar devia-
tion, and pronation–supination planes and compared bilater-
ally. Functional testing includes asking patients to turn a 
doorknob or having them push up from a chair, which leads 
to axial loading of the wrist in pronation [4].

Special Tests
It is important to note that these examination maneuvers are 
applicable in the assessment of suspected TFCC tears, ulno-
carpal impaction, and ulnar collateral ligament injuries but 
may not be specific enough to localize the exact structure(s) 
involved.

• Piano key/ballottement test: The examiner uses one hand 
to stabilize the patient’s wrist/hand in pronation while, 
with the other hand, applying dorsal-volar translation 
force to the ulnar head. Increased laxity (compared to the 
uninjured side) is suggestive of DRUJ instability [5].

• Fovea sign: The flexor carpi ulnaris (FCU)–ECU interval 
is a “window” into the region of the ulnar fovea. 
Tenderness in the soft space immediately volar to the 
ulnar styloid between the ulnar head and the pisiform 
(Fig. 34.2) is suggestive of a foveal TFCC lesion, with a 
sensitivity of 95.2% and specificity of 86.5% [2, 6].

• Ulnocarpal stress test: The patient’s wrist is placed in 
maximal ulnar deviation, and an axial load is applied 
while passively rotating the forearm from supination to 
pronation [3, 7] (Fig.  34.3). Pronation makes the ulna 
relatively longer, impinging on the lunate and exacerbat-
ing the pain [8]. This test is sensitive for ulnar-sided wrist 
pain but not specific as it may be positive in ulnar impac-

tion syndrome, ulnocarpal arthritis, and lunotriquetral 
ligamentous injury [9].

• Ulnar grinding test: Pain with an axial force applied to an 
ulnar-deviated wrist while passively directing the wrist 
through flexion, extension, pronation, and supination.

• Pisiform boost: Pain with dorsal elevation of the pisiform 
with volar-directed depression of the ulnar head. Examiner 
may elicit crepitus while rotating the forearm during this 
maneuver [7].

34.1.6  Diagnostic Workup

Initial workup for suspected TFCC injuries should include 
neutral rotation posteroanterior (PA), lateral, and oblique 
radiographs [2, 3]. Radiographs will also allow for the mea-
surement of ulnar variance, as a majority of TFCC injuries 
are associated with positive (Fig. 34.4) or neutral ulnar vari-
ance [1]. Pronated PA grip views accentuate positive ulnar 
variance by making the radius relatively shorter than the 
fixed ulna (Fig. 34.5) [9, 11, 12]. A more advanced imaging 
can include computed tomographic arthrography (CTA) or 

Fig. 34.2 Ulnar fovea sign, with examiner indicating site of ulnar 
fovea

Fig. 34.3 Ulnocarpal stress test with arrow indicating site of pain
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magnetic resonance imaging (MRI). MRI sensitivity and 
specificity are 67–100% and 71–100%, respectively. 
Magnetic resonance arthrography (MRA) has also been used 
and found to be superior to MRI alone in some studies, while 
others note that a 3.0 T MRI scanner has excellent resolution 
to diagnose TFCC tears, and an arthrogram is not necessary 
[2, 3]. CTA is an alternative modality and found to be 100% 
sensitive and specific for accuracy in the diagnosis of TFCC 
tears, especially for those who cannot undergo MRI [13].

34.1.7  Treatment

 (a) Medical Management
If no DRUJ instability is present, the initial manage-

ment of TFCC injuries is conservative. Symptom man-
agement is the focus of care, with the concepts of RICE 
applied. This may include bracing of the wrist for immo-
bilization and comfort [2]. It also includes activity 
 modifications and anti-inflammatory medications as 
needed in the acute phase.

 (b) Rehabilitation
The primary goal of rehabilitation after TFCC injury 

is to restore the normal joint mechanics and anatomy of 
the DRUJ [14]. In conservative management of TFCC 

Fig. 34.4 PA wrist radiograph demonstrating a positive ulnar variance 
of 3.3 mm. A line is drawn tangential to the articular surface of the ulnar 
and perpendicular to the ulnar shaft. A second line is drawn tangential 
to the articular surface of the distal radius lunate facet and perpendicu-
lar to the shaft of the radius. The distance between these two lines is the 
ulnar variance

Fig. 34.5 A pronated grip PA 
wrist radiograph 
demonstrating bilateral 
positive ulnar variance
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injuries, initial therapy will focus on techniques to 
decrease inflammation including rest, use of modalities, 
taping, and supportive splinting. Splinting needs will 
vary depending on the patient’s pain level and the stabil-
ity of the DRUJ. The use of a wrist immobilization splint, 
a long arm orthosis that immobilizes the wrist and fore-
arm, and the use of a wrist strap, such as a wrist widget, 
are all common forms of support after this injury [14, 15] 
(Fig. 34.6). Patients should be instructed to avoid activi-
ties that require forearm pronation, ulnar deviation, 
weight-bearing, or gripping. As pain allows, therapy will 
incorporate active range of motion (AROM) exercises of 
the wrist and forearm into the therapy program. This 
would be followed by progressive strengthening with a 
focus on wrist stabilization [15] (Fig. 34.7). Postoperative 
therapy for TFCC injuries will vary depending on the sur-
gery that was performed. Open or arthroscopic TFCC 
repairs will require a period of immobilization to the 
wrist and forearm to minimize tension on the repair site. 

Patients who have undergone TFCC debridement do not 
require an extensive protection and are advanced through 
the rehabilitation stages above as postsurgical inflamma-
tion resolves. It is  important with all TFCC surgeries to 
respect pain during the healing process. Increases in pain, 
edema, and inflammation are indications that therapy is 
progressing too rapidly [16].

 (c) Procedures
Management begins with bracing, activity modifica-

tion, anti-inflammatory medications, and hand therapy 
as mentioned above. For ulnar-sided wrist pain without 
instability, intra-articular corticosteroid injections can 
be helpful. Ultrasound guidance facilitates accurate 
placement and minimizes pain.

 (d) Surgery
Surgery is reserved for refractory ulnar-sided wrist 

pain and/or DRUJ instability. For more details on sur-
gery for dorsal wrist disorders, refer to Chap. 50.

a b
Fig. 34.6 An ulnar gutter 
splint (A), a long arm orthosis 
that immobilizes the wrist and 
forearm (center), or a wrist 
strap such as a wrist widget 
(B) are all common forms of 
support used after a TFCC 
tear. (Photos by Cara 
Rodriguez)

34 Ulnar-Sided Wrist Disorders



312

34.2  Ulnar Impaction Syndrome

34.2.1  Synonyms

• Ulnar abutment syndrome
• Ulnocarpal impaction
• Ulnocarpal abutment
• Ulnocarpal impingement

34.2.2  ICD-10 Codes

• M24.831, other specific joint derangements of right wrist, 
not elsewhere classified

• M24.832, other specific joint derangements of left wrist, 
not elsewhere classified

• M24.839, other specific joint derangements of unspeci-
fied wrist, not elsewhere classified

34.2.3  Description

Not surprisingly, there is considerable overlap between 
TFCC injuries and ulnar impaction syndrome. Ulnar impac-
tion syndrome is caused by excessive, repetitive stress 
through the ulnocarpal joint, leading to degenerative changes 
[17]. The triangular fibrocartilage complex (TFCC), or the 
load-bearing structure between the ulnar head and the car-
pus, plays a key role in load transfer. In a normal wrist, 
18–20% of the load is transmitted through the ulna [17]. 
Positive ulnar variance, congenital or acquired, is a signifi-
cant risk factor for ulnar impaction syndrome due to the 

resulting increase in loading of the ulnocarpal joint [11]. 
Small changes in ulnar variance can have a significant impact 
on the force transmitted through the ulnocarpal joint.

A cadaveric study by Palmer et al. [17] demonstrated that 
a decrease in ulnar variance of 2.5 mm resulted in a decrease 
of ulnocarpal joint load to 4% and an increase in ulnar vari-
ance of 2.5 mm resulted in an increase of ulnocarpal joint 
load to 42%. Positive ulnar variance can be acquired in mul-
tiple conditions, including distal radius physeal injury, 
Madelung’s deformity, radius malunion, and Essex-Lopresti 
injury [11, 13]. Additionally, developmentally positive ulnar 
variance is more common in Asian populations, possibly 
making idiopathic ulnar impaction more prevalent in this 
racial group [13].

The thickness of the TFCC is inversely related to ulnar 
variance [11, 13, 18]. Patients with positive ulnar variance 
have been shown to have thinner TFCC discs that are there-
fore more susceptible to injury [17]. Ulnar variance can also 
change with forearm position, as pronation and grip result in 
relative shortening of the radius, causing a physiologic, 
dynamic increase in ulnar variance [11, 13].

Persistent stress between the distal ulna and the carpus 
results in the spectrum of findings in ulnar impaction, includ-
ing TFCC tears, chondromalacia of the ulnar aspect of the 
lunate and ulnar head, and lunotriquetral ligament tears [11, 
13]. The differential diagnosis of ulnar impaction syndrome 
is broad (Table 34.3).

34.2.4  Clinical Presentation

Patients with ulnar impaction syndrome generally present 
with ulnar-sided wrist pain that is insidious, is onset, and 

Fig. 34.7 Activities that might be included in a progressive strengthen-
ing program after TFCC injury include rotation of a hammer for fore-
arm strengthening, the use of a gyroscope for wrist stability (center), 

and incorporation of progressive weight-bearing activities (right). 
(Photos by Cara Rodriguez)
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worsens over time [13]. Patients may experience associated 
swelling and loss of wrist or forearm motion. Any activities 
that involve forearm pronation, hand grip, and ulnar devia-
tion of the wrist will exacerbate symptoms [13]. Patient may 
or may not have a history of wrist trauma prior to symptom 
onset.

34.2.5  Physical Examination

Ulnar impaction syndrome can be diagnosed based on 
clinical exam with the support of radiographic findings. 
Patients may have swelling in the affected area with ten-
derness to palpation around the ulnar head: just distal to 
the ulnar head dorsally and just volar to the ulnar styloid 
ulnarly [11, 13]. Ulnar deviation of the wrist, both passive 
and active, will produce pain, which can be intensified by 
providing a dorsal force on the pisiform and a volar force 
on the ulnar head to better replicate the ulnocarpal joint 
forces during grip activities [11]. The distal radioulnar 
joint (DRUJ) should be evaluated to assess for pain and 
stability since this can impact treatment decisions, and the 
contralateral wrist should be examined for comparison 
purposes [13].

Special tests: Please refer to the previous section on TFCC 
injuries, with specific attention to ulnocarpal stress test and 
pisiform boost.

34.2.6  Diagnostic Workup

Radiographs Please refer to the previous section on TFCC 
injuries [9, 10]. It is important to look for distal radius phy-
seal growth arrest, distal radius malunion, or other pathology 
that may result in ulnar positive variance. With distal radius 
malunions, it is beneficial to compare X-rays to the contra-
lateral side. Additionally, bony changes may be evident on 
radiographs secondary to ulnar impaction syndrome, includ-
ing subchondral sclerosis and cysts of the ulnar head, radial 
triquetrum, and ulnar proximal lunate, which can progress to 
ulnocarpal arthritis [10]. Radiographs should also be exam-
ined for DRUJ arthritis and stability.

Magnetic resonance imaging MRI can detect early disease 
or other pathology that can present similarly [10]. MRI in 
ulnar impaction syndrome will often show early articular 
cartilage wear and bony edema in the involved areas [17].

34.2.7  Treatment

Conservative Care
For medical, rehabilitation, and procedural treatments, 
please refer to the TFCC injuries.

Surgery
Surgery is considered in patients with symptoms refractory to 
a 6- to 12-week course of non-operative treatment. Arthroscopy 
alone is less effective in patients who are ulnar positive, and 
consideration should be made for ulnar shortening osteotomy 
(Fig. 34.8.) Please refer to Chap. 50 for more details.

Table 34.3 Differential diagnosis for ulnar impaction syndrome

Distal radial ulnar joint (DRUJ) arthritis or instability
Triangular fibrocartilage complex (TFCC) tear
Extensor carpi ulnaris (ECU) instability or tendonitis
Pisotriquetral arthritis
Dorsal cutaneous ulnar nerve branch neuritis
Lunotriquetral interosseous ligament (LTIL) injury
Hypothenar hammer syndrome
Carpal fracture or instability

Fig. 34.8 Postoperative anterior–posterior (AP) forearm radiograph 
demonstrating an ulnar shortening osteotomy with a resulting negative 
ulnar variance
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34.3  Extensor Carpi Ulnaris (ECU) 
Tendinopathy

34.3.1  Synonyms

• ECU tendinosis
• ECU tenosynovitis
• ECU tendon instability
• ECU tendon subluxation
• ECU tendon dislocation

34.3.2  ICD-10 Codes

• M65.849, other synovitis and tenosynovitis, unspecified 
hand

• M65.841, other synovitis and tenosynovitis, right hand
• M65.842, other synovitis and tenosynovitis, left hand
• S63.509, unspecified sprain of unspecified wrist
• S63.501, unspecified sprain of right wrist
• S63.502, unspecified sprain of left wrist

34.3.3  Description

Extensor carpi ulnaris (ECU) tendinopathy includes a spec-
trum of tendon pathology, ranging from tenosynovitis to ten-
don instability, and is a common cause of ulnar-sided wrist 
pain. The ECU tendon occupies the sixth dorsal compartment, 
passing along a bony groove in the ulnar before inserting on the 
fifth metacarpal base. The ECU tendon is held in the osseous 
groove by deep antebrachial fascia duplication, which forms 
the tendon subsheath, acting as a tunnel that inserts on the ulna 
[18]. The dorsal wrist retinaculum also helps to stabilize the 
ECU tendon, running like a bridge over the sixth dorsal com-
partment [18]. With forearm rotation, the relative position of 
the tendon changes due to the rotation of the hand around the 
stable ulna. With full forearm pronation, the ECU tendon trav-
els in a linear path, and with full supination, the tendon travels 
around the ulnar styloid at an angle to insert on the base of the 
fifth metacarpal. The floor of the ECU tendon sheath is an 
important stabilizer for the TFCC, making ECU tendon pathol-
ogy difficult to distinguish from TFCC pathology [19].

Instability of the ECU tendon can coexist with tenosyno-
vitis or exist in isolation. ECU tendon instability can occur 
when there is disruption to the stable osseofibrous sheath 
through which the ECU tendon travels [18]. The ECU ten-
don can completely dislocate out of the sheath, or it can sub-
luxate during supination and reduce during pronation [18]. 
There are three reported types of ECU tendon instability 
(Fig. 34.9) [18]:

 1. Type A ulnar-sided subsheath tear
 2. Type B radial-sided subsheath tear

 3. Type C detachment of the subsheath from the ulna result-
ing in sheath attenuation and a false pouch

Due to differences in treatment, it is important to differen-
tiate between an acute injury resulting in instability and 
instability secondary to chronic tendonitis [19]. Acute ECU 
instability is more commonly seen in athletes, often after a 
forceful forearm supination activity, such as playing tennis, 
baseball, hockey, or golf [18]. The differential diagnosis of 
ECU tendinopathy is presented in Table 34.4.

Fibro-osseous

ECU

I.

III.
I.

V.

II.

Ulna Ulna

Ulna Ulna

Ulna

Fig. 34.9 Types of ECU tendon instability. I demonstrates normal ana-
tomic relationship of ECU tendon in the ulnar groove, stabilized by the 
fibro-osseous sheath. II demonstrates type A tendon instability with an 
ulnar-sided subsheath tear. III and IV demonstrate type B tendon insta-
bility with a radial-sided subsheath tear, which can result in the torn 
fibro-osseous sheath underlying the ECU tendon with reduction into the 
groove, preventing healing. V demonstrates detachment of the sub-
sheath from the ulna, resulting in subsheath attenuation and a false 
pouch

Table 34.4 Differential diagnosis for ECU tendinopathy

Triangular fibrocartilage complex (TFCC) tear
Ulnar impaction syndrome
DRUJ instability or arthritis
Lunotriquetral interosseous ligament (LTIL) injury
Flexor carpi ulnaris (FCU) tendonitis
Dorsal cutaneous ulnar nerve branch neuritis
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34.3.4  Clinical Presentation

Patients with ECU tendinopathy commonly present with 
ulnar-sided wrist pain after an overuse or a twisting injury. 
Pain is exacerbated with any wrist range of motion and gen-
erally is difficult to localize and may radiate up the forearm 
[19]. Nocturnal pain that interferes with sleep is common. 
Patients may report dysesthesias along the dorsal ulnar wrist, 
in the distribution of the dorsal sensory branch of the ulnar 
nerve [19]. If patients are experiencing ECU tendon instabil-
ity, they may report a painful snapping sensation with certain 
wrist movements.

34.3.5  Physical Examination

On examination of patients with ECU tendinopathy, there 
may be notable swelling overlying the dorsal ulnar wrist. 
The ECU sheath swelling is often tender with palpation in 
the ulnar groove, and sometimes crepitus can be felt by the 
examiner [18, 19]. Pain is elicited with any wrist motion, and 
active wrist extension with ulnar deviation against resistance 
will exacerbate the patient’s symptoms [19].

Special Tests
ECU tendon stability: Tendon instability may be elicited on 
exam by palpating the tendon sheath while having the patient 
hold their wrist in extension and actively rotate the forearm 
through full pronosupination [19]. The ECU tendon should 
reduce with forearm pronation. The examiner may also feel the 
tendon subluxation or snap as the wrist is held in supination and 
brought from extension to flexion with ulnar deviation [19].

Extensor carpi ulnaris synergy test: In this test for ECU 
tendinitis, the patient’s elbow is flexed at 90 degrees with the 
wrist in full supination and fingers extended and abducted. 
The examiner squeezes the patient’s thumb and middle fin-
ger with one hand, while the other hand palpates the ECU 
tendon. (Fig. 34.10). The test is positive if pain is reproduced 
along the ECU tendon [22].

34.3.6  Diagnostic Workup

Radiographs A standard wrist radiographic series should be 
obtained in all patients presenting with ulnar-sided wrist 
pain; however, radiographs should show no acute pathology 
in patients with ECU tendinopathy.

Magnetic resonance imaging Magnetic resonance imaging 
(MRI) is often helpful for diagnosis and will commonly 

show tenosynovitis surrounding the ECU tendon. Other ECU 
tendon or ulnar wrist pathology can also be seen on MRI, 
such as a shallow ECU tendon groove, TFCC injury, degen-
erative tendon tears or rupture, and accessory anomalous ten-
don slips [19]. If there is concern for possible tendon 
instability, obtaining an MRI with the forearm in full prona-
tion and full supination can be helpful for diagnosis [19] 
(Fig. 34.11).

Ultrasound Ultrasound is a beneficial diagnostic and real- 
time imaging modality, which can reveal tenosynovitis sur-
rounding the ECU tendon, as well as tendon instability with 
forearm rotation [19].

Injection To confirm the diagnosis of ECU tendonitis, lido-
caine can be injected in the ECU tendon sheath and should 
provide complete but transient pain relief [11].

Fig. 34.10 Extensor carpi ulnaris synergy test with arrow indicating 
location of ECU tendon
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34.3.7  Treatment

Medical Management
Prior to considering surgical intervention, conservative non- 
operative treatment should be provided. This includes rest, 
ice, splint, or cast immobilization, nonsteroidal anti- 
inflammatory medication, and activity modification [19]. 
The arm should be immobilized in pronation with radial 
deviation to allow appropriate rest of the soft tissues and 
keep the ECU within the ulnar groove [20].

Rehabilitation
After a period of immobilization, patients can begin physical 
therapy with active and active-assistive range of motion 
exercises as tolerated [21]. Once motion is greater than 75% 
of normal, patients can begin a strengthening program. If 
patients experience mechanical symptoms of ECU tendon 
subluxation or dislocation during physical therapy, circum-
ferential taping proximal and distal to the ulnar styloid can 
be considered to add to stability [21]. Once strength is greater 
than 75% of normal, patients can begin sport-specific train-
ing if indicated [21].

Procedures
If splinting and anti-inflammatory medications fail to pro-
vide adequate treatment, corticosteroid injection (CPT 
20550) can be considered in conjunction with physical ther-
apy; however, corticosteroids should be administered with 
caution as there is an increased risk of tendon rupture follow-
ing corticosteroid injection [19]. Patients may be immobi-
lized for 3–5 days following corticosteroid injection prior to 
resuming therapy, and injections can be performed under 
ultrasound guidance [21, 22].

Surgery
If non-operative conservative treatment modalities fail to 
provide adequate symptom relief, operative intervention can 
be considered. Please refer to Chap. 50 for details.

34.4  Ulnar Tunnel Syndrome

34.4.1  Synonyms

• Ulnar nerve entrapment at the wrist
• Guyon’s canal syndrome
• Handlebar palsy

34.4.2  ICD-10 Codes

• G56.20, lesion of ulnar nerve, unspecified upper limb
• G56.21, lesion of ulnar nerve, right upper limb
• G56.22, lesion of ulnar nerve, left upper limb
• S64.00XA, injury of ulnar nerve at wrist and hand level of 

unspecified arm, initial encounter
• S64.01XA, injury of ulnar nerve at wrist and hand level of 

right arm, initial encounter
• S64.02XA, injury of ulnar nerve at wrist and hand level of 

left arm, initial encounter

34.4.3  Description

Ulnar tunnel syndrome refers to the motor and/or sensory 
impairment caused by compression of the ulnar nerve at the 
wrist. In contrast to cubital tunnel syndrome, ulnar tunnel 
syndrome is relatively rare [23, 24]. This condition is most 
commonly caused by ganglia arising from the triquetroham-
ate, pisotriquetral, ulnocarpal, or other midcarpal joints, but 
it may be the result of acute or chronic repetitive trauma to 
the hand, as seen in cyclists or those who operate machinery 
like jackhammers [25, 26]. Other etiologies include vascular 
aneurysms, abnormal musculature, nerve sheath lesions, 
rheumatoid arthritis, osteoarthritis, and iatrogenic injury 
from prior surgery [27].

Arising from the C8 and T1 nerve roots, the ulnar nerve is 
often compressed in the cubital tunnel [23]. In differentiating 
ulnar tunnel syndrome from cubital tunnel syndrome, it is 
important to recognize that the ulnar nerve innervates the 
FCU and FDP to the ring and small fingers proximal to the 
wrist [23, 25]. In addition, the dorsal sensory branch of the 
ulnar nerve arises from the main trunk six to eight centime-
ters proximal to the wrist to provide sensation to the dorsal 

Fig. 34.11 MRI of the wrist demonstrating ECU tendon dislocation 
outside of the ulnar groove
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ulnar aspect of the hand. Since this branch does not enter 
Guyon’s canal, sensation of the dorsal ulnar aspect of the 
hand is preserved in ulnar tunnel syndrome, whereas it is 
affected in cubital tunnel syndrome [23, 27].

The floor of the ulnar tunnel is the transverse carpal liga-
ment, the roof is the palmar carpal ligament, and the pisiform 
and hamate hook are the ulnar and radial borders, respec-
tively [26]. The ulnar nerve enters the tunnel as a mixed sen-
sory and motor nerve (zone 1) before it bifurcates into the 
motor-predominant deep ulnar nerve (zone 2) and the super-
ficial sensory branch (zone 3). This separation divides the 
ulnar tunnel into three zones (Fig. 34.12). Presenting symp-
toms can help guide clinicians as to which zone is involved 
and the potential etiology of nerve compression (Table 34.6) 
[23, 25–27]. The differential diagnosis of ulnar tunnel syn-
drome is broad (Table 34.5).

34.4.4  Clinical Presentation

Ulnar tunnel syndrome is most frequently a clinical diagno-
sis [23]. Depending on the location of compression, patients 
most commonly present with numbness and tingling, burn-
ing, or loss of sensation over the palmar aspect of the ring 
and small fingers. Motor complaints may include reports of 
weakness with grip, inability to adduct the small finger, or 

clawing of the ring and small fingers due to loss of ulnar 
lumbrical innervation leading to imbalance. In advanced 
cases, wasting of the hypothenar muscles and first dorsal 
interosseous muscle may be seen.

A comprehensive history should be gathered to rule out 
proximal compression. Assessment of symptom duration 
and severity, occupational and recreational history, repetitive 
palmar stress (construction work, cyclists, tennis players), 
surgical history, and medical history should be reviewed for 
causes of peripheral neuropathy that may influence manage-
ment and prognosis [24, 27].

34.4.5  Physical Examination

The principal differential diagnosis is cubital tunnel syn-
drome. The entire path of the ulnar nerve should be exam-
ined, looking for any signs of trauma, tenderness, masses, 

Fig. 34.12 Zones of the ulnar nerve in Guyon’s canal. Zone 1 contains 
mixed motor and sensory fibers, zone 2 contains only motor fibers, and 
zone 3 contains mainly sensory fibers. (Modified from “Wrist bones 
anatomy” from MDCT/STL, created by Chair Digital Anatomy at Paris 
University; Licensed under Creative Commons Attribution. https://skfb.
ly/6UpB8 To view a copy of this license, visit https://creativecommons.
org/licenses/by/4.0/)

Table 34.6 Ulnar tunnel zones

Zones
Ulnar nerve 
branch

Causes of 
compression Symptoms

Zone 
1

Mixed motor 
and sensory 
ulnar nerve 
from entrance 
to tunnel to just 
proximal to the 
bifurcation

Ganglia, hook 
of hamate 
fracture

Mixed motor and sensory 
impairment

Zone 
2

Deep motor 
branch of ulnar 
nerve

Ganglia, hook 
of hamate 
fracture, 
repetitive 
trauma

Impaired innervation of 
the hypothenar muscles 
(flexor digiti minimi, 
opponens digiti minimi, 
adductor digiti minimi), 
third and fourth 
lumbricals, palmar and 
dorsal interosseous 
muscles, adductor 
pollicis, and deep head of 
the flexor pollicis brevis

Zone 
3

Superficial 
sensory branch 
of ulnar nerve, 
with motor 
fibers to 
palmaris brevis

Ulnar artery 
thrombosis, 
ulnar artery 
aneurysm, 
abnormal 
musculature

Impaired innervation of 
the palmaris brevis, loss 
of sensation, paresthesia, 
or burning of palmar 
aspect of ulnar half of 
fourth digit, fifth digit

Table 34.5 Differential diagnosis of ulnar tunnel syndrome

Cubital tunnel syndrome Malignant peripheral nerve sheath 
tumor

Carpal tunnel syndrome Guillain–Barre syndrome
Cervical nerve root 
compression

Rheumatoid or osteoarthritis

CNS lesions Diabetic neuropathy
Motor neuron disease (ALS) ETOH neuropathy, B12 deficiency
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deformity, cyanosis, or edema. Symmetry of both hands 
should be assessed, looking for ulnar digit clawing or intrin-
sic atrophy. The radial and ulnar arteries should be palpated 
for any thrill or pulsatile mass.

Sensation of the cervical dermatomes should be assessed 
to rule out cervical root compression. Special attention 
should be paid to both the ulnar and median nerve sensory 
distributions of the hand to rule out concurrent carpal tunnel 
syndrome [23]. Loss of only palmar sensation of the ulnar 
half of the ring and entire small finger is suggestive of ulnar 
tunnel syndrome. If the lesion is isolated to zone 3, only sen-
sation should be affected with preservation of motor func-
tion; however, zone 1 lesions will have mixed motor and 
sensory loss. If there is loss of both palmar and dorsal ulnar 
sensation, it suggests compression proximally in extremity.

Motor involvement in the ulnar tunnel may result in weak-
ness of thumb adduction, clawing of the ring and small fin-
gers, and the inability to adduct the small finger. Grip strength 
and pinch strength may be impaired in the affected hand 
[18]. Isolated motor loss with preservation of sensation is 
suggestive of a zone 2 lesion; zone 1 lesions will have mixed 
motor and sensory impairment.

Special Signs and Tests

• Ulnar claw hand: Clawing of the ring and small fingers 
(metacarpophalangeal hyperextension with proximal and 
distal interphalangeal flexion) due to loss of the third and 
fourth lumbrical innervation leading to digital imbalance 
(Fig. 34.13).

• Palmaris brevis sign: Contraction of the palmaris brevis 
muscle (evidenced by wrinkling of the skin over the prox-
imal ulnar-sided palm) with abduction of the fifth digit. 
This sign suggests preserved innervation via the superfi-
cial sensory branch of the ulnar nerve. This finding would 
be absent in zone 1, zone 3, and ulnar nerve compression 
proximal to the ulnar tunnel.

• Froment sign: Interphalangeal joint hyperflexion of the 
thumb during pinch grip to compensate for loss of adduc-
tor pollicis function. This may be seen in conjunction 
with the first dorsal interosseous atrophy (Fig. 34.14).

• Wartenberg sign: Inability to adduct the small finger 
resulting from the unopposed ulnar moment of the exten-
sor digiti minimi.

• Finger cross test: Inability to cross the first and second 
digits, suggestive of paralysis of the first palmar and the 
second dorsal interosseous paralysis. If this sign is posi-
tive with preservation of hypothenar motor innervation, 
this is suggestive of a distal deep ulnar nerve lesion [24].

• Tinel’s sign: Percussion over the entire distribution of the 
ulnar nerve especially over the elbow and wrist. The sign 

is positive if symptoms of numbness, tingling, or a shock 
are reproduced. This sign may be positive in multiple 
locations, suggestive of multiple areas of ulnar nerve 
compression.

• Allen test: Simultaneous compression of the ulnar and 
radial arteries while the patient rapidly contracts the hand. 
Pressure on one artery is then released to assess for return 

Fig. 34.13 Hand of benediction sign

Fig. 34.14 Froment sign with arrow indicating compensatory thumb 
interphalangeal joint flexion during pinch grip
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of blood flow before repeating the test on the opposite 
side. Capillary refill should be <2 seconds; ≥5 seconds is 
abnormal and is suggestive of some arterial compromise.

• Elbow flexion test: Patient maximally flexes elbow for 
1 minute; the presence of pain or paresthesias in the ulnar 
nerve distribution suggests compression of the ulnar 
nerve at the elbow.

34.4.6  Diagnostic Workup

Radiographs Conventional radiographs, including carpal 
tunnel and hamate views, should be obtained to evaluate for 
a hook of hamate fracture.

Ultrasound Ultrasound is limited in the assessment of osse-
ous pathology but is useful for assessment of soft tissue 
lesions and inflammatory changes of the tendons and liga-
ments, which may be causing ulnar nerve compression [29]. 
Ultrasound, however, is limited by operator dependence and 
the thick, fibrous structures within the palm, which may limit 
views and lead to false-negative diagnoses [30].

Magnetic resonance imaging MRI is considered to be the 
gold standard for examination.1 It has been used in the iden-
tification of soft tissue pathology, nerve and vessel anatomy, 
and anatomical variations. In addition, cross-sectional area 
and compartment space may also be assessed [23]. MRI is 
frequently used to assess ganglion anatomy, origin, and rela-
tionship to other structures, which is critical for preoperative 
planning [29, 30].

Electromyography and nerve conduction studies 
(EMG/ NCS) Electromyography and nerve conduction stud-
ies are performed to localize focal nerve compression, acu-
ity, and severity of the nerve impairment [28] and differentiate 
focal versus more systemic or radicular cause of neuropathic 
complaint. EMG/NCS also provide useful information 
regarding prognosis [23] and are considered an extension to 
our physical exam and not a replacement for it. Other limita-
tions include patient tolerance, technical skills, and con-
founding effects of other pathologies and age-related changes 
impacting study results [23].

Arteriography Arteriography may be beneficial in the case 
of suspected ulnar arterial pathology, including thrombosis, 
aneurysm, and pseudoaneurysm [23, 24].

1 Text

34.4.7  Treatment

Medical Management
Discontinuation of the offending activity is indicated in some 
cases. If diagnostic studies demonstrate compression from a 
mass, such as a ganglion, surgery is the next step. Aspiration 
is not recommended due to limited success, risk of recur-
rence, and potential damage to numerous vulnerable ana-
tomic structures within the area [24]. In other circumstances, 
the decision between conservative and operative manage-
ment depends on symptom severity and duration. In the case 
of mild to moderate symptoms lasting less than 3 months, 
conservative management involves activity modification and 
splint immobilization [28]. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) are not beneficial for the treatment of ulnar 
tunnel syndrome due to the lack of a significant contribution 
from inflammation worsening compression [23–25].

Rehabilitation
As part of the conservative non-operative management, 
immobilization in a wrist splint may be beneficial. Physical 
therapy is not typically utilized in the treatment of ulnar tun-
nel syndrome; however, occupational therapy can be helpful 
in educating patients on activity modification, including 
avoiding aggravating motions.

Procedures
There is a consensus agreement that corticosteroid injections 
are not beneficial for the treatment of ulnar tunnel syndrome 
due to the lack of a significant contribution from inflamma-
tion worsening compression [23–25, 29–31].

Surgery
Decompression of Guyon’s canal and removal of any com-
pressive structures are the major components of any surgical 
interventions. Please refer to Chap. 50 for more details.

34.5  Ulnar Collateral Ligament of the Wrist 
Injury (UCL)

34.5.1  Synonyms

• Ulnocarpal collateral ligament (UCCL)
• Distal peripheral TFCC injury

34.5.2  ICD-10 Codes

• S63.31, traumatic rupture of collateral ligament of wrist

34 Ulnar-Sided Wrist Disorders
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• S63.311, traumatic rupture of collateral ligament of right 
wrist

• S63.312, traumatic rupture of collateral ligament of left 
wrist

• S63.319, traumatic rupture of collateral ligament of 
unspecified wrist

34.5.3  Description

Injury of the ulnar collateral ligament (UCL) of the wrist 
usually results from a fall on an outstretched hand but may 
also be seen after a forceful ulnar deviation, pronation, or 
supination of the wrist [6, 32, 33]. Isolated injury to the UCL 
of the wrist is rare due to its location and anatomy and thus 
is frequently associated with lesions of the ECU tendinous 
subsheath, other structures within the TFCC, and lunotriqu-
etral carpal ligaments [5, 6, 33, 34].

The UCL is an extrinsic wrist ligament that serves an 
important role in stabilization of the ulnocarpal joint during 
pronation and supination of the wrist [35–37].

The UCL is found at the floor of the sixth extensor com-
partment, just deep to the ECU tendon [36, 37]. Proximally, 
the UCL is attached to the ulnar styloid and extends distally 
to attach to the medial aspect of the triquetrum. The ulnar 
styloid also serves as a site of attachment to the superficial 
fibers of the dorsal and palmar distal radioulnar ligaments 
and the tendinous sheath of the ECU. The attachment of the 
UCL may be at the tip (type 1) or medial base (type 2) of the 
ulnar styloid, and type 2 attachments are found more fre-
quently in symptomatic wrists, which suggests that a type 2 
UCL may predispose patients to ulnar-sided wrist injury 
[38]. The differential diagnosis for ulnar collateral ligament 
injury of the wrist is broad (Table 34.7).

34.5.4  Clinical Presentation

Patients most commonly present with complaints of ulnar- 
sided wrist pain, localized swelling, and restricted range of 
motion. Injury to the ulnar attachment of the TFCC has been 
demonstrated to be more reliably symptomatic than central 

or radial lesions [39]. Patients may report a history of either 
a fall on a hyperextended wrist, lifting a heavy object, or a 
forceful rotation of the wrist resulting in injury. There may 
be associated weakness of grip, which tends to exacerbate 
the pain. Rotation of the wrist, such as twisting a doorknob, 
using a screwdriver, or wringing a cloth, is also often painful 
[6, 33]. Assessment of DRUJ instability is critical as it influ-
ences management of the injury. In such cases, patients may 
report a history of the wrist giving out during rotation, a sen-
sation of grinding within the wrist, or crepitus with pronation 
and supination [32, 40]. Hand dominance, previous injury 
and response to treatment, and repetitive movements related 
to occupation should be assessed as this may impact treat-
ment and prognosis [40].

34.5.5  Physical Examination

A thorough wrist exam is indicated to differentiate UCL 
injury from the broad differential of ulnar-sided wrist pain.

The wrist should first be inspected, looking for any swell-
ing, bruising, deformity, or other signs of trauma. Point ten-
derness over the ulnar styloid is common, and palpable 
prominence of the ulnar head dorsally may be present, which 
would suggest DRUJ instability. Limitation of ulnar devia-
tion, pronation, and supination is most common, but flexion 
and extension of the wrist may be limited depending on the 
severity of disease. Passive and active ulnar deviation com-
monly elicits pain, and pain with active pronation is often 
greater than pain with supination. Resisted rotation of the 
affected wrist is frequently weak, and grip strength may be 
decreased as well.

Special Tests
Please refer to the section on TFCC injuries. There are no 
specific physical exam maneuvers that differentiate UCL of 
the wrist from TFCC given their close anatomic relationship 
and the fact that they are commonly injured together.

34.5.6  Diagnostic Workup

Radiographs Standard wrist radiographs have limited util-
ity in the diagnosis of UCL injury; however, they may be 
useful for assessment of associated fracture, arthritic 
changes, or measurement of ulnar variance, which may pre-
dispose patients to ulnar-sided injury [38].

Magnetic resonance imaging MR arthrography (MRA) is 
emerging as the favored imaging modality for assessment of 
TFCC pathology (Fig. 34.15). Some studies have concluded 
that MRA is of equal diagnostic value when compared to 
arthroscopy in the diagnosis of ligamentous wrist injury [5, 

Table 34.7 Differential diagnosis of ulnar collateral ligament injury

Distal radioulnar joint arthritis/
instability

Kienböck’s disease 
(osteonecrosis of lunate)

Pisotriquetral arthritis Ulnar styloid impaction 
syndrome

Extensor carpi ulnaris tendonitis/
tendinopathy

Ulnar impingement syndrome

Triangular fibrocartilage complex 
tear

Lunotriquetral ligament tear

Ulnar impaction syndrome Ulnar carpal or styloid fracture

E. M. Colliton et al.
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37, 38]. MRA is especially useful in the diagnosis of periph-
eral, extrinsic wrist injury when utilizing injection of con-
trast into the radiocarpal joint and DRUJ.

34.5.7  Treatment

Medical Management
Treatment of UCL injury is dependent on multiple factors 
including the size of the tear, the presence or absence of con-
comitant TFCC injury, and the condition of the cartilage of 
the DRUJ.  In general, most acute traumatic injuries and 
degenerative injuries can be first managed with a trial of non- 
operative treatment, including splinting and NSAIDs [38, 
39]. If symptoms persist, further diagnostic workup and 
imaging are recommended.

Rehabilitation
Please refer to the section on TFCC injuries.

Procedures
Corticosteroid injection can be considered in conjunction 
with immobilization followed by therapy. Ultrasound guid-
ance can be utilized to ensure appropriate placement of ste-
roid injection. Again, corticosteroids should be administered 
with caution as there is an increased risk of tendon rupture 
following corticosteroid injection [19].

Surgery
Wrist arthroscopy may be considered for treatment of ulnar- 
sided wrist pain refractory to conservative measures. Please 
refer to Chap. 50 for more details.
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Disorders of the Fingers

Margaret Shields, Andrew Felber, and Charles Cassidy

35.1  Boutonnière and Swan Neck 
Deformity

35.1.1  Synonyms and ICD 10 Code

• Boutonnière deformity, M20.02
• Swan neck deformity, M20.03

35.1.2  Description

Anatomy: Distal interphalangeal (DIP) and proximal interpha-
langeal (PIP) joint extension is a complex interplay between 
the extensor digitorum communis (EDC) tendon and the inter-
osseous and lumbrical tendons [1]. Over the metacarpopha-
langeal (MCP) joint, the EDC is stabilized by the sagittal 
bands. There is no direct attachment to the proximal phalanx; 
MCP extension occurs via the sling of the lateral bands lifting 
up the proximal phalanx. Over the proximal phalanx, the 
extensor tendon trifurcates into the central slip and lateral slips 
(Figs. 35.1, 35.2, and 35.3). On the sides of the digit, the inter-
ossei and lumbrical tendons merge as lateral bands, bifurcat-
ing to blend with the central slip and to the lateral slips of the 
EDC, forming conjoined lateral bands. The central slip inserts 
at the dorsal base of the middle phalanx, applying an extension 
force at the PIP joint. The conjoined lateral bands proceed on 
the radial and ulnar sides of the PIP joint and then combine 
over the middle phalanx to form the terminal extensor tendon 

that inserts at the dorsal base of the distal phalanx, extending 
the DIP joint. The conjoint lateral bands are stabilized by the 
triangular ligament on the dorsal side of the middle phalanx, 
limiting volar migration, and by the transverse retinacular lig-
ament on the volar side, limiting dorsal migration.

Boutonnière deformity is a condition in which the central 
slip (Figs. 35.2 and 35.3) of the extensor tendon and the tri-
angular ligament are disrupted. The injury causes flexion at 
the proximal interphalangeal (PIP) joint in combination with 
volar migration of the lateral bands, resulting in hyperexten-
sion at the distal interphalangeal (DIP) joint [2].

Boutonnière deformities can be caused by attenuation of 
the central slip from chronic PIP synovitis (e.g., rheumatoid 
arthritis) or from trauma, including forced flexion of the 
digit, open laceration, or volar dislocation of the PIP joint. 
These mechanisms cause disruption to the central slip and 
triangular ligament [2]. The extent of deformity is classified 
into four Burton stages:

• Stage I is a supple, passively correctable deformity.
• Stage II is a fixed contracture with contracted lateral 

bands and no joint involvement.
• Stage III involves volar plate and collateral ligament con-

tractures with intra-articular fibrosis.
• Stage IV involves volar plate and collateral ligament con-

tractures, intra-articular fibrosis, and PIP joint arthritis.

Swan neck deformity is a condition in which a disruption 
to the volar plate of the PIP joint leads to the classic appear-
ance of hyperextension at the PIP joint and flexion at the DIP 
joint (Fig.  35.2) [2]. There are three general categories of 
swan neck deformities: extrinsic, intrinsic, and articular. 
Extrinsic causes include mallet finger or flexor digitorum 
superficialis (FDS) tendon disruption in patients with volar 
plate laxity or posttraumatic MCP joint flexion contractures 
that increase tension on the extensor tendons. Intrinsic causes 
include intrinsic muscle contracture related to chronic MCP 
joint volar ulnar subluxation (e.g., rheumatoid arthritis). 
Articular causes include volar plate disruption or arthritis.
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35.1.3  Clinical Presentation

• Boutonnière deformity: The classic presentation of a bou-
tonnière deformity is a patient with recent trauma who 
reports a painful finger deformity with flexion at the PIP 
joint and hyperextension at the DIP joint.

• Swan neck deformity: The typical presentation of a swan 
neck deformity is a patient with a history of inflammatory 
arthritis or previous trauma with hyperextension of the 
PIP joint and flexion of the DIP joint. They often report a 
locking sensation of the finger as it is flexed from a fully 
extended position and occasionally report pain (for the 
differential diagnosis, see Table 35.1).

35.1.4  Physical Examination

Inspect the fingers for abrasions, lacerations, swelling, or 
deformity. Look for signs of inflammatory arthritis such 
as involvement of multiple joints. Palpate along the length 
of the finger assessing for tenderness or warmth. Assess 
active (with and without resistance) and passive range of 
motion (ROM) at the DIP, PIP, and MCP joints. Normal 
ROM includes DIP from 0 to 90° flexion, PIP from 0 to 
100° flexion, and MCP from +30° to −90° flexion. A 
snapping sensation may occur during flexion with a swan 
neck deformity. Always do a thorough neurovascular 
exam.

a b c

Fig. 35.1 This illustration depicts the complex anatomy of the exten-
sor mechanism of the digits of the hand mechanism. (a) Diagrammatic 
representation of the dorsal aspect and (b) the lateral aspect of the finger 
to show the flexor and extensor tendons of the finger including the CS 
and the TT. (c) Schematic drawing of the finger showing the FDS and 
FDP. EDC, extensor digitorum communis; PP, proximal phalanx; MP, 

middle phalanx; DP, distal phalanx; 1, interosseous muscle; 2, lumbri-
cal muscle; 3, lateral slip; 4, medial slip; 5, lateral conjoined tendon; 6, 
medial conjoined tendon; FDS, flexor digitorum superficialis; FDP, 
flexor digitorum profundus; CS, central slip; TT, terminal tendon. 
(Open access image Chin Med J (Engl). 2018 May 5; 131(9): 
1051–1058)

M. Shields et al.
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35.1.4.1  Special Test

• Elson’s test: This test is the most reliable in assessing for 
boutonnière deformity [3]. The physician holds the PIP 
joint in 90° flexion and the patient actively extends the 
PIP joint against resistance. If a central slip injury is pres-
ent, there will be weak PIP extension and a rigid DIP 
joint. If no injury is present, the PIP extension is strong 
and the DIP joint is passively flexible.

• Bunnel test: This test assesses intrinsic muscle tightness 
in the setting of swan neck deformities. The MCP joint is 
held in extension while passively flexing the PIP joint, 
noting the ROM. The test is then repeated with the MCP 
joint in the flexed position. If passive PIP joint flexion is 
limited with the MCP extended, but full with the MCP 
flexed, then intrinsic tightness is present.

35.1.5  Diagnostic Workup

For both swan neck and boutonnière deformities, plain radio-
graphs of the injured finger should be obtained. Treatment 
plans may be altered by the presence of arthritis or fractures 
on radiographs. Occasionally, central slip injuries can involve 
a bony avulsion fracture and swan neck deformities can be 

a
b

Fig. 35.2 Swan neck 
deformity (a) and boutonnière 
deformity (b)

Fig. 35.3 Boutonnière deformity illustration and MR.  Boutonnière 
deformity is an injury involving the central slip of the extensor tendon 
over the proximal interphalangeal joint. DP, distal phalanx; MP, middle 
phalanx; PP, proximal phalanx. (Open access image Chin Med J (Engl). 
2018; 131(9): 1051–1058. and www.e- ultrasonography.org)
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associated with a bony mallet or an avulsion of the PIP volar 
plate [1]. Advanced studies such as ultrasound or magnetic 
resonance imaging (MRI) are rarely required.

35.1.6  Treatments

35.1.6.1  Medical Management
Conservative management is the preferred first line of treat-
ment for patients who present with an acute, closed bouton-
nière injury (Burton stage I) and is often preferred for 
chronic, fixed boutonnière deformities (Burton stage II) as 
well. Conservative management includes specific splinting 
and rehabilitation protocols (see the next section).

Conservative management is also indicated in patients 
with mild swan neck deformities that have full active flexion 
of the PIP joint. These patients frequently report pain when 
initiating PIP flexion due to the hyperextension deformity 
and occasionally report snapping with PIP flexion due to lat-
eral band subluxation. These patients typically benefit from 
splinting and rehabilitation.

35.1.6.2  Rehabilitation
Rehabilitation management for acute boutonnière deformity 
(Burton stage I) includes relative motion flexion splint or splint-
ing of the PIP in extension for 4–12 weeks [2, 4]. The purpose 
of these splinting techniques is to decrease tension across the 
central slip to allow for healing, to allow the lateral bands to 
migrate dorsally, and to prevent progression to a boutonnière 
deformity. To prevent lateral band volar subluxation, active DIP 
flexion exercises should be initiated during the splinting phase. 
McKeon et  al. advocate for full-time extension splinting for 
4–8 weeks, followed by nighttime splinting for 4–6 additional 
weeks while beginning active PIP flexion exercises.

For a fixed flexion contracture, serial PIP extension casting is 
performed until the patient can comfortably be placed into a 
dynamic PIP extension splint for daytime use and a static exten-
sion splint at night. Splinting must be continued for at least 
8–12  weeks. Focus should still be maintained on active DIP 
flexion exercises to prevent volar migration of the lateral bands.

For swan neck deformities due to an acute mallet finger, 
the DIP joint should be immobilized in full extension for 
8 weeks. For supple swan neck due to other causes, rehabili-
tation includes splinting (e.g., oval 8 splints), which limit 
PIP hyperextension while allowing PIP flexion.

35.1.6.3  Procedures
For chronic, supple boutonnière deformities, ultrasound- 
guided percutaneous extensor tenotomy over the middle pha-
lanx level can rebalance the finger, relaxing the extensor 
force over the DIP joint and transferring the force to the PIP 
joint. Iatrogenic mallet finger is a complication of this 
method of treatment.

35.1.6.4  Surgery
Operative indications for acute boutonnière deformity 
include open injuries, especially those associated with large 
avulsion fragments. Irrigation and debridement are followed 
by surgical repair of the central slip or bone fragment. This 
repair is followed by pinning of the PIP joint in extension for 
4–6 weeks. In chronic boutonnière deformity, restoration of 
full passive PIP extension is required before performing any 
tendon procedure and is achieved via serial casting, dynamic 
extension splinting, dynamic external fixation, or joint con-
tracture release. Tendon rebalancing procedures range from 
a simple extensor tenotomy to complex central slip recon-
structions. It is important to counsel patients that the results 
are somewhat unpredictable. PIP arthrodesis is recom-
mended for concomitant PIP arthritis.

Surgery is indicated for treatment of swan neck deformity 
in patients who are not amenable to splint wear or those with 
severe deformity. Options include soft tissue procedures to 
limit PIP hyperextension with or without arthrodesis of the 
DIP joint. Postoperatively, the PIP is splinted in 30° of flex-
ion for 3 weeks with gradual restoration of extension. In the 
setting of intrinsic tightness, release of the intrinsic tendon at 
the MCP joint level can rebalance the digit. Associated PIP 
joint stiffness must be corrected before or during the tendon 
rebalancing procedure. Associated arthritis is best treated 
with PIP arthroplasty or arthrodesis.

Table 35.1 Differential diagnoses for the common finger disorders

Boutonnière 
deformity Swan neck deformity

Dupuytren’s 
contracture Mallet finger Skier’s thumb Trigger finger

Rheumatoid arthritis
Pseudo boutonnière 
deformity

Mallet finger
Rheumatoid arthritis
Flexor digitorum 
superficialis injury

Trigger finger
Skin callus
Soft tissue tumor
Ulnar nerve palsy

Swan neck 
deformity
Rheumatoid 
arthritis

Dislocation of the thumb MCP 
joint
Wrist sprain or fracture
Fracture of the thumb proximal 
phalanx or metacarpal

Dupuytren’s 
contracture
Sagittal band 
rupture
Inflammatory 
arthritis
Soft tissue tumor

M. Shields et al.
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35.2  Dupuytren’s Contracture

35.2.1  Synonyms and ICD 10 Code

• Dupuytren’s disease
• ICD10, M72.0

35.2.2  Description

Dupuytren’s contracture is a benign fibroproliferative disor-
der of the palmar fascia complex characterized by collagen 
deposition in the form of nodules and cords within the fascia 
(Fig. 35.3). The disease is often progressive, as evidenced by 
cords shortening with time, which leads to contractures and 
fixed flexion at the MCP and PIP joints [3].

Anatomy  The palmar fascia complex of the hand is divided 
into three zones; the palmar fascia (includes the radial, ulnar, 
and central aponeuroses), the palmodigital fascia, and the digi-
tal fascia. The central aponeurosis (CA) is where most of 
Dupuytren’s pathology occurs. It is triangular in shape with a 
proximal apex and fibers running longitudinally, transversely, 
and vertically [5]. Normal fascial structures are called bands, 
whereas the pathologic changes are termed cords. The longitu-
dinal fibers of the CA are the pretendinous bands, which bifur-
cate distally before inserting at the three layers of the central 
digits. The superficial layer inserts into the dermis, the middle 
layer encircles the MCP joint forming the spiral band and then 

travels distally as the lateral digital sheet, and the deep layer 
inserts into the flexor and extensor mechanism. The CA trans-
verse fibers are parallel and include the more distal natatory 
ligament located in the palmodigital region and the more prox-
imal transverse ligament of the palmar aponeurosis (TLPA). 
The TLPA gives origin to the vertical fibers septa of Legueu 
and Juvara [5]. Continuing distally, the digital fascia encom-
passes the neurovascular structures with Grayson’s ligament 
palmarly, Cleland’s ligament dorsally, the lateral digital sheet 
laterally, and a retrovascular fascia medially.

The risk factors for Dupuytren’s disease include genetic 
predisposition, alcohol abuse, smoking, manual labor, and 
vibrational exposure [3]. The pathophysiology of Dupuytren’s 
contracture involves increased fibroblast proliferation lead-
ing to disordered type III collagen deposition. Fibroblasts 
differentiate into myofibroblasts, which are pathologic cells 
that produce excess collagen and also have a smooth muscle 
component that contributes to contracture formation [3, 5].

35.2.3  Clinical Presentation

Dupuytren’s contracture first presents with slowly progress-
ing palmar skin thickening, pitting, or well-defined, raised 
palmar nodules. It may be painful at first. In 50% of patients, 
the disease progresses with nodule regression and cord for-
mation. Cord involvement usually starts in the palm and con-
tinues to the palmodigital area or digits (Fig.  35.4a). 

a b

Fig. 35.4 (a) Early 
Dupuytren’s disease involves 
the ring finger, with a nodule 
and cord in the palm in line 
with the ring finger, resulting 
in a mild MCP contracture. 
(b) Advanced Dupuytren’s 
disease, with severe 
contractures of all digits, 
worst in the MCP and PIP of 
the ring and small fingers. 
(Photos courtesy of Charles 
Cassidy, MD)
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Advanced disease presents with contractures at the MCP and 
PIP joints, most commonly on the ring finger (Fig. 35.4b).

35.2.4  Physical Examination

Inspect the hand for any dorsal skin changes including dorsal 
Dupuytren’s nodules (Garrod’s knuckle pads) or palmar skin 
changes such as skin rippling or dimpling caused by skin 
thickening and adherence. Palpate the palmar hand and digits 
for nodules, which are firm, well-defined masses that are fixed 
to the fascia. Simultaneously, feel for tight, tendon-like cords. 
Assess active and passive ROM at the PIP and MCP joints 
with and without resistance. Always do a thorough neurovas-
cular exam (for the differential diagnosis, see Table 35.1).

35.2.4.1  Special Test

Hueston’s tabletop test Place the palm of the hand on a flat 
surface. The test is positive if MCP or PIP contracture pre-
vents the patient from completely flattening the hand against 
the surface.

35.2.5  Diagnostic Workup

No diagnostic workup is necessary in the evaluation of 
Dupuytren’s disease.

35.2.6  Treatments

35.2.6.1  Medical Management
The most common form of noninvasive management of 
Dupuytren’s disease is observation alone, as isolated nodules 
and isolated cord contractures do not always progress [6]. While 
many pharmacologic and radiation therapy interventions have 
been tested, they are not currently the mainstay of treatments.

35.2.6.2  Rehabilitation
Immobilization with splinting or casting and occupational 
therapy have not been proven to be successful in the preop-
erative period for patients with Dupuytren’s disease.

35.2.6.3  Procedures
While many nonsurgical treatment options have been pro-
posed for the management of Dupuytren’s disease, the two 
most commonly performed are percutaneous needle aponeu-
rotomy (PNA) and injection of collagenase Clostridium his-
tolyticum (CCH).

• PNA is a technique involving the use of a needle to 
incrementally transect the contracted cord until the 
release has been achieved. It is attractive due to its 
minimal invasiveness, quick healing time, and rapid 
recovery. While short- term effectiveness has been 
shown to be comparable to surgical release [3], Pess 
et al. reviewed PNA in over 1000 fingers and demon-
strated significant recurrence with patients maintaining 
72% of correction at the MP joint and 31% at the PIP 
joints [7]. They found that correction was more likely 
to be maintained in older patients (>55 years old) and 
patients with MP joint contractures rather than PIP 
joint contractures.

• CCH is a technique that involves injection of an enzyme 
that lyses cord tissue, allowing the physician to manually 
rupture the cord on the following day [3]. Hurst et  al. 
paved the way for CCH injections in their 2009 study 
where they performed as many as three CCH injections 
and manipulations at monthly intervals [8]. One month 
after the last injection, they found that 64% of patients 
had reduction of their contracture to <5° and range of 
motion of the involved joint improved from 44 to 80 
degrees. However, as with PNA, long-term relief was not 
as reliable [8].

35.2.6.4  Surgery
Surgical management of Dupuytren’s disease is generally 
indicated if a patient has >30° MCP contracture or any of 
PIP contracture [6]. Surgical options include fasciotomy, 
limited or radical fasciectomy, and dermatofasciectomy. 
Fasciotomy is minimally invasive, but the recurrence rate is 
high. Limited fasciectomy involves removal of the patho-
logic tissue alone. Dermatofasciectomy involves removal of 
the overlying skin in addition to the cord and placement of a 
skin graft. This is reserved primarily for revision surgery. 
Given the similar results of the latter three procedures, lim-
ited fasciectomy is generally the preferred treatment [3]. 
Leafblad et  al. found significantly lower rates of re-inter-
vention at 2 and 5 years post intervention for patients treated 
surgically (4% at 2 years, 4% at 5 years) versus PNA (24% 
at 2 years, 61% at 5 years) and CCH (41% at 2 years, 55% 
at 5 years) [9].

35.3  Mallet Finger

35.3.1  Synonyms and ICD 10 Code

• Mallet finger
• M20.012
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35.3.2  Description

Mallet finger is the result of disruption of the terminal exten-
sor tendon insertion on the base on the distal phalanx. This 
alters the balance of flexion and extension forces on the DIP 
joint, resulting in the inability to extend the joint (Fig. 35.5). 
For anatomy of mallet finger, please review the section 
Boutonnière and Swan Neck Deformity and its figures.

Mallet finger injury may occur from minor trauma such as 
pulling up stockings or from sports participation or work-
place trauma [1]. In sports, the mechanism of injury is forced 
flexion or an axial–hyperextension load to the DIP joint. This 
force leads to tendon disruption or to a bony avulsion at the 
base of the distal phalanx. A laceration, crush injury, or deep 
abrasion may also cause open mallet finger injury [1, 10]. 
Mallet injuries are divided into four types based on Doyle’s 
classification:

Type I is closed injuries either with or without an avulsion 
fracture.

Type II is open tendon injuries resulting from a 
laceration.

Type III is open injuries with soft tissue abrasions that 
cause loss of skin or tendon substance.

Type IV is mallet fractures subdivided into three 
sub-types:

• Sub-type IV: Distal phalanx physeal injuries (in 
pediatrics)

• Sub-type IVB: Fractures involving 20–50% of the articu-
lar surface

• Sub-type IVC: Fractures involve >50% of the articular 
surface

35.3.3  Clinical Presentation

Mallet finger classically presents as a flexed DIP joint of the 
affected digit. The long, ring, or small fingers of the domi-
nant hand are most frequently injured [10].

35.3.4  Physical Examination

Inspect the finger for any abrasions, lacerations, swelling, and 
resting finger position. There may be local tenderness and 
swelling over the DIP joint. Assess active and passive ROM 
at the DIP joint bilaterally to look for symmetry. Patients with 
mallet finger will not be able to actively extend at the DIP, but 
the digit can usually be extended passively. Radiographs 
should be reviewed before performing stress testing. Patients 
with underlying ligamentous laxity may present with an acute 
swan neck deformity. The clinician should be aware that an 
extensor lag at the DIP joint does not always present immedi-
ately after injury and may be delayed hours to days (for the 
differential diagnosis, see Table 35.1) [1].

35.3.5  Diagnostic Workup

Radiographs are an important part of the evaluation for any 
patient with a suspected mallet finger. Clinicians should 
assess for bony avulsion fractures and joint congruence using 
the standard AP and lateral X-ray views.

35.3.6  Treatments

35.3.6.1  Medical Management
Splinting is the mainstay of treatment of mallet finger inju-
ries. While the agreement on acceptable outcomes is vari-
able, the general goal of treatment is to end up with minimal 
pain, less than 20° of residual DIP extension lag, and greater 
than 50° of DIP flexion arc [1].

35.3.6.2  Rehabilitation
The vast majority of mallet fingers are amenable to splinting 
as a primary treatment. Splinting is also indicated for closed 
mallet fingers with less than one-third articular surface frac-
ture involvement and no joint subluxation. Studies have 
shown that extension or slight hyperextension splinting of 
the DIP joint alone provides sufficient decrease in tension to 
allow healing [1]. Splints should be used for 8  weeks full 
time and then at nighttime for an additional 2  weeks. 
Outcomes are excellent with appropriate splint wear, as 
many studies have shown high patient satisfaction and exten-Fig. 35.5 Mallet finger
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sor lag of the DIP joint <10° at five-year follow-up. Casting 
is rare but can be utilized in patients who are noncompliant 
with splinting and in children.

35.3.6.3  Procedures
Manipulation and percutaneous DIP joint Kirschner wire 
fixation is an option for patients who are unable to work with 
splints, such as healthcare workers.

35.3.6.4  Surgery
Please refer to chapter “Surgical Management of Mallet 
Finger Injuries.”

35.4  Thumb Sprain (Skier’s Thumb)

35.4.1  Synonyms

Thumb collateral ligament injury, Ulnar collateral ligament 
(UCL) injury, UCL avulsion fracture, Gamekeeper’s thumb

35.4.2  ICD 10 Code

S63.642

35.4.3  Description

Skier’s thumb is a condition in which the ulnar collateral 
ligament (UCL) of the thumb MCP joint is injured by a 

radial stress on the joint, resulting in pain, disability, and 
joint instability.

Anatomy The thumb MCP joint is a condyloid joint that 
achieves static stability from a flattened metacarpal head cou-
pled with the UCL, radial collateral ligament (RCL), volar 
plate, and dorsal capsule [11]. The UCL and RCL are com-
prised of proper and accessory components (Fig. 35.6). The 
proper UCL attaches to the side of the metacarpal head and the 
proximal volar aspect of the proximal phalanx, whereas the 
accessory UCL attaches to the volar plate. The proper liga-
ment resists lateral force when the thumb is flexed, while the 
accessory ligament resists load when the thumb is in exten-
sion. There are also intrinsic and extrinsic muscles and ten-
dons that provide dynamic support to the thumb MCP joint.

Acute injury to the UCL most often occurs during skiing, 
sports, or falls on the thumb due to a radially directed force on 
the thumb resulting in hyperabduction. In 90% of the cases, the 
force causes the UCL to avulse with or without a bony attach-
ment from the proximal phalanx. The distal end of the avulsed 
ligament may become entrapped proximal to the aponeurosis 
of the adductor pollicis muscle, causing a Stener lesion. The 
extent of joint instability is classified into three grades:

• Grade 1 injury: incomplete ligament tear with no joint 
instability

• Grade 2 injury: incomplete tear with asymmetric joint 
laxity with an endpoint

• Grade 3 injury: complete tear with joint instability that 
lacks a firm end point

Metacarpal

Metacarpal

B

A

B
A

Proximal phalanx

Proximal phalanx

Fig. 35.6 This figure shows 
UCL ligaments. (a) is the 
proper collateral (PC) 
ligament and (b) is accessory 
collateral (AC) ligament. The 
volar plate is pointed out by 
an arrow. The sesamoid bone 
is highlighted by a circle. The 
volar plate and AC ligament 
are taught in interphalangeal 
joint extension, while the PC 
ligament is taught in flexion 
(Illustration reproduced by 
Yamine Mostoufi)
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35.4.4  Clinical Presentation

Skier’s thumb can present with acute thumb pain localized 
around the MCP joint that is exacerbated with pinch or grasp 
movement such as writing or turning a key. The patient often 
reports acute hyperabduction of the thumb leading to associ-
ated swelling, ecchymosis, and decreased ROM.

35.4.5  Physical Examination

Inspect the hands for any swelling, ecchymosis, and static 
deformity of the MCP. Palpate the ulnar aspect of the MCP 
joint and dorsal capsule to assess for tenderness. Occasionally, 
Stener lesions can present with a tender mass on the ulnar 
side of the metacarpal head from the avulsed UCL. Assess 
active and passive ROM at the thumb interphalangeal (IP) 
and MCP joints. Normal IP ROM is +1–80° flexion and 
MCP joint is +0–55° flexion [12]. Assess muscle strength 
with pinching and gripping activities (for the differential 
diagnosis, see Table 35.1).

35.4.5.1  Special Tests

Radial stress test Apply a radial stress to the proximal pha-
lanx while holding the metacarpal stable. Evaluate stability 
with the thumb MCP joint in 0° extension and 30° flexion. 
Joint instability is defined as radial deviation of the proximal 
phalanx of greater than 30°. With partial tears, the joint is 
typically lax in flexion and stable in extension. Patient guard-
ing may interfere with an accurate evaluation requiring intra- 
articular block or local anesthesia.

35.4.6  Diagnostic Workup

Radiographs should be a routine part of a complete examina-
tion for a patient with a suspected thumb UCL injury. Specific 
attention should be made to evaluate for fractures and joint 
subluxation or dislocation. Instability can be tested using 
stress radiographs. While the diagnosis typically is made 
based on physical exam and radiographs, if the diagnosis is 
unclear, either ultrasonography (specificity 81% and sensi-
tivity 76%) or MRI (specificity and sensitivity 100%) can be 
utilized to confirm a complete tear in the UCL.

35.4.7  Treatment

35.4.7.1  Medical Management
There is no indication for medical management of UCL 
tears. However, splinting in the acute phase can be used for 
localized pain control.

35.4.7.2  Rehabilitation
Thumb spica cast or splint (without incorporation of the IP 
joint) immobilization for 4 weeks is indicated for incomplete 
(grade 1 and 2) UCL tears and complete (grade 3) tears that 
are not associated with a Stener lesion. Active and passive 
motion should be initiated at 4 weeks or sooner if the splint 
is removable, being cautious to avoid radial/ulnar stress at 
the MP joint. This is followed by grip and pinch strength at 
6 weeks. Restrictions for return to sports are different for the 
dominant versus non-dominant extremity. The non-dominant 
thumb should be protected for sports activities for at least 
3  months. For the throwing athlete, the dominant thumb 
should be protected for a longer period of time and the pro-
tection may interfere with performance. The protection is 
these cases must be determined on a case-by-case basis.

35.4.7.3  Procedures
There are no procedures indicated for treatment of skier’s 
thumb.

35.4.7.4  Surgery
Please refer to chapter “Surgical Management of Mallet 
Finger Injuries.”

35.5  Trigger Finger

35.5.1  Synonyms and ICD 10 Code

• Trigger thumb, M65.312
• Trigger finger index, M65.322
• Trigger finger middle, M65.332
• Trigger finger ring, M65.342
• Trigger finger little, M65.352

35.5.2  Description

Trigger finger (TF) is a condition in which fibrous thickening 
of either the flexor tendon or A1 pulley impedes smooth 
flexor tendon gliding. The mechanical impingement can 
present with progressive palmar pain, along with clicking, 
catching, and locking of the digit [13].

Anatomy The flexor tendon sheath is a complex system of 
retinacular structures also known as pulleys (see Fig. 35.7). 
The flexor pulley system consists of the palmar aponeurosis 
pulley, three cruciform pulleys, and five annular pulleys. The 
pulleys maintain proper alignment of the flexor digitorum 
profundus (FDP) and FDS tendons and translate flexion 
force efficiently. TF is associated with pathology in the first 
annular pulley (A1 pulley). The A1 pulley originates in the 
region of the palmar plate of the MCP joint and travels dis-
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tally to the proximal portion of the proximal phalanx, encom-
passing the flexor tendons throughout its course [15].

Although the etiology of TF is likely multifactorial and 
not well understood, it is more commonly seen in females, 
patients who perform repetitive tasks with their fingers, and 
patients with inflammatory arthritis and systemic conditions 
such as diabetes mellitus and hypothyroidism [13]. The 
impairment in smooth tendon gliding is caused by hypertro-
phy of either the A1 pulley or flexor tendon, often at the 
proximal end of the interface. The disease severity is classi-
fied by Green [16]:

• Grade I (pre-triggering) is palm pain and tenderness over 
the A1 pulley.

• Grade II (active) demonstrates catching with preserved 
active extension at the PIP joint.

• Grade III (passive) demonstrates catching of the digit 
requiring passive extension to release.

• Grade IV (contracture) is a fixed flexion contracture at the 
PIP joint.

35.5.3  Clinical Presentation

The typical presentation of TF is painful clicking or locking 
of the affected digit, most commonly involving the middle 
and ring fingers and the thumb. There may be swelling and 
tenderness in the palm.

35.5.4  Physical Examination

Inspect the fingers and hands for any swelling or finger 
locking in the flexed position. Palpate the A1 pulley on the 
palmar surface of the hand at the head of the metacarpals. 

Assess for tenderness to palpation or warmth. Passively 
flex and extend the digit fully while palpating for a nodule. 
Assess active and passive ROM at the PIP and MCP joints, 
with and without resistance. Observe for any locking of 
the PIP joint in the flexed position with active ROM. Pain 
and impaired ability to grasp and hold objects may be 
observed with TF (for the differential diagnosis, see 
Table 35.1).

35.5.5  Diagnostic Workup

The diagnosis of trigger finger is primarily made through the 
patient’s history and physical examination. Although rarely 
utilized, ultrasonography can visualize pathology at the ten-
don pulley interface if confirmation of diagnosis is needed 
[13]. There is no utility for radiographs or advanced 
imaging.

35.5.6  Treatment

35.5.6.1  Medical Management
NSAIDs can help reduce inflammation and pain. NSAIDS 
are often utilized in conjunction with either immobilization 
or cortisone injections to provide adequate symptomatic 
relief.

35.5.6.2  Rehabilitation
Full-time splint immobilization for 6–12 weeks can be per-
formed to decrease the amount of tendon excursion, thereby 
decreasing pain and improving function [13, 17]. Only one 
joint (DIP, PIP, or MCP) needs to be immobilized to decrease 
tendon gliding. Studies have shown that PIP joint blocking 
orthoses have superior compliance and functional outcomes 
over MCP joint blocking orthoses, and MCP orthoses pro-

PA A1 A2 C1 A3 C2 A4 C3 A5Fig. 35.7 This illustration 
displays the flexor pulley 
system in the digits of the 
hand, including the palmar 
aponeurosis (PA) pulley, the 
five annular pulleys (A1–5), 
and the three cruciate pulleys 
(C1–3). (Reprinted with 
permission from Doyle [14])
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vides better pain relief than DIP orthoses [13, 17]. The suc-
cess rate of splinting for management of trigger finger ranges 
from 47% to 93% [17].

35.5.6.3  Procedures
Flexor tendon sheath steroid injection is an effective option 
for TF. The response rates range from 45% to 80% [13]. The 
success rate of steroid injection is lower for patients of a 
younger age, diabetic patients, long-standing triggering 
(>6  months), and patients with multiple trigger fingers. 
Steroids can be repeated up to three times before the cost- 
effectiveness of surgical release outweighs another 
injection.

35.5.6.4  Surgery
Surgical treatment for trigger finger includes either percu-
taneous or open A1 pulley release. Open release is currently 
the gold standard; however, recent studies have shown that 
percutaneous release is a safe and effective alternative to 
open release. The success rates of open TF release range 
from 90% to 100% [13]. If open TF surgery does not pro-
vide symptomatic relief, additional procedures may be 
indicated, including release of the palmar aponeurosis pul-
ley, the proximal A2 pulley, and the FDS tendon slip 
excision.
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Wrist and Hand Dislocations 
and Fractures

Gabriel S. Perrone, Nicholas J. Coccoluto, 
Jennifer Hoffman, and Charles Cassidy

36.1  Distal Radius Fracture

36.1.1  Synonyms

• Colles’ fracture
• Smith’s fracture
• Barton’s fracture
• Fracture of the forearm

36.1.2  ICD 10 Code

S52.50–S52.59

36.1.3  Description

Anatomy The distal radius has two articulations, the distal 
articular surface, which articulates with the scaphoid and 
lunate, and the sigmoid notch, which articulates with the 
head of the ulna [1, 2, 10]. These joints are stabilized, respec-
tively, by the volar extrinsic and distal radioulnar ligaments 
(Fig. 36.1), permitting axial load transmission. The metaph-
yseal cortex is relatively thin and susceptible to fracture, par-
ticularly in the setting of osteoporosis.

Distal radius fractures are among the most common orthopedic 
injuries, accounting for 20% of all fractures seen in the emer-
gency department [1]. The injury is equally likely to occur in 

both males and females, with the vast majority being the result 
of a traumatic incident in which the patient falls onto an out-
stretched hand [1–4]. There is a bimodal age distribution, with 
fractures in younger patients typically the result of high-energy 
injuries and geriatric fractures the result of low-energy falls. 
The Colles’ fracture, an extra- articular, dorsally angulated, 
shortened fracture, is the most common type [1]. Fractures can 
also involve the articular surface (intra-articular fractures), 
which can predispose to arthritis if displaced [1, 5]. Of note, 
over 50% of distal radius fractures are associated with fracture 
of the ulnar styloid, with possible disruption of the radioulnar 
ligaments [2, 6–9]. Closed reduction and cast treatment are usu-
ally adequate for simple fracture patterns in younger patients. 
Comminuted (multi-fragmentary), displaced, intra-articular 
fractures are often best treated surgically. The most common 
long-term complication of this injury is malunion, which may 
result in chronic pain, wrist stiffness, and arthritis. Differential 
diagnosis for distal radius fracture is presented in Table 36.1.

36.1.4  Clinical Presentation

Patients sustaining distal radius fractures commonly report 
having fallen onto an outstretched hand. In the elderly, such 
fractures raise the suspicion of osteoporosis. Patients usually 
describe an acute onset of wrist pain and may have numbness 
and tingling in the median nerve distribution. They often will 
have difficulty moving the wrist and fingers.

36.1.5  Physical Examination

In addition to ruling out other associated trauma, physical 
examination of a patient with a suspected distal radius frac-
ture involves a focused musculoskeletal examination.

Inspection The affected wrist may be grossly deformed, 
with swelling and ecchymosis. Examination for any lacera-
tions or open wounds should be done circumferentially to 
exclude an open fracture.
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Palpation Tenderness is present, particularly over Lister’s 
tubercle. Patients typically have intact distal pulses and cap-
illary refill.

Neurovascular Sensation to the hand is normally intact, 
although numbness in median nerve distribution can occur 
due to contusion of the median nerve or compression due to 
swelling in the carpal tunnel. The hand should be warm and 
well perfused, but checking the radial and ulnar pulses is a 
must with any wrist fracture.

Strength Strength is likely to be diminished due to pain and 
fracture instability.

Range of motion Wrist motion is often limited due to pain. 
Patients usually retain the ability to manipulate their fingers 
although many will endorse pain due to finger flexor and 
extensor tendons crossing near the fracture site.

36.1.6  Diagnostic Workup

Radiographs
Routine X-ray evaluation of a suspected distal radius frac-
ture includes posteroanterior (PA), lateral, and oblique views 
(Fig. 36.2) [1, 11]. The images are scrutinized for displace-
ment, including angulation, translation, comminution, short-

ening, and intra-articular extension. If a reduction maneuver 
is performed, repeat radiographs are obtained to evaluate the 
adequacy of the reduction [1].

Computed Tomography
Computed tomography (CT) provides an enhanced level of 
detail over plain radiographs and may be useful in complex 
cases, occult fractures (Fig. 36.3), or those with significant 
articular involvement and displacement [1]. The CT scan can 
inform the surgeon as to the best approach and method of 
fixation for a given fracture.

Magnetic Resonance Imaging
Magnetic resonance imaging (MRI) is not typically used in 
evaluating acute distal radius fractures. However, this modal-
ity may be of benefit in evaluating concomitant soft tissue 
injuries, such as scapholunate ligament or triangular fibro-
cartilage tears, or occult fractures. [1, 11]

36.1.7  Treatment

The goal in treating distal radius fractures is to achieve 
appropriate alignment to preserve wrist and hand function. 
This can be achieved through both operative and nonopera-
tive means depending on the fracture pattern, bone quality, 
adequacy of reduction, and articular involvement.

Medical Management
Immobilization is the mainstay of treatment for distal radius 
fractures. Nondisplaced fractures can be treated with immo-
bilization alone, typically with a plaster splint acutely and 
subsequently transitioned to a cast after a few days once the 
swelling has subsided. For displaced fractures, closed reduc-

Radius
Radius

Ulna
Ulna

Distal radio-ulnar articulation

Pisohamate ligament

Pisometacarpal ligament

Carpometacarpal
articularions

Wrist-joint

Intercarpal articulations

a bFig. 36.1 Volar (a) and 
dorsal (b) views of the wrist 
with associated ligamentous 
attachments. (Courtesy of 
Williams et al. 2020)

Table 36.1 Differential diagnosis for distal radius fracture

Scapholunate ligament tear
Scaphoid fracture
Kienbock’s disease
Extensor tenosynovitis
Lunotriquetral tear
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tion and splinting are performed acutely. It is important to 
monitor these patients with weekly serial radiographs for the 
first 3 weeks to evaluate for loss of reduction that may require 
surgical intervention. If reduction is maintained, the patient 
is transitioned to a short arm cast for an additional 3 weeks. 
The important parameters to evaluate include maintenance 
of radial height, volar tilt, and radial inclination; radiographs 
of the non-injured side can be obtained to gauge the patient’s 
normal anatomy [12, 13].

Rehabilitation
There is much debate regarding the utility of formal therapy 
in the period following distal radius fractures [14]. The vast 
majority of studies on the subject have been of low quality, 
with limited participants and a high potential bias. Though 

physicians may favor a course of therapy to reduce pain and 
improve range of motion, there is not a clear benefit of for-
mal therapy over a home exercise program. Formal therapy 
is usually reserved for patients who have delayed recovery 
of motion and function after a course of home exercises. 
The initial treatment is directed to edema control and resto-
ration of digital motion. This is followed by strengthening, 
active- assisted, and passive motion of the wrist and 
forearm.

Procedure
In patients undergoing closed reduction of distal radius frac-
ture, 32.2% patients developed complex regional pain (CRP) 
syndrome. Procedures to treat CRP may become relevant 
including sympathetic blocks and neuromodulation [55].

a cb

Fig. 36.2 PA (a), lateral (b), and oblique (c) radiographs demonstrating a comminuted, dorsally displaced distal radius fracture. (Figures from 
author’s library)

Fig. 36.3 Coronal (left) and sagittal (right) CT images of a comminuted intra-articular distal radius fracture. (Figures from author’s library)
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Surgery
Surgical options are described in the Chap. 37. Indications 
include persistent displacement after attempted closed reduc-
tion, open fractures, significant articular involvement, and 
acute carpal tunnel syndrome. Volar plate fixation is the most 
common surgical intervention, usually permitting earlier 
return to function and reducing the risk of post-traumatic 
osteoarthritis compared to nonoperative treatment [15–17].

36.2  Ulnar Styloid Fracture

36.2.1  Synonyms

Fracture of the distal ulna

36.2.2  ICD 10 Code

S52.611–S52.616

36.2.3  Description

Anatomy The most distal portion of the ulna, known as the 
styloid, is a protrusion that serves as an attachment point for 
the triangular fibrocartilage complex (TFCC), including the 
palmar and dorsal radioulnar ligaments (Fig. 36.4), which is 
responsible for providing stability to the distal radioulnar 

joint (DRUJ) [21, 22]. The ulnocarpal ligaments also origi-
nate from this area. The ulnar styloid serves as an attachment 
point for the ligamentous stabilizers of the distal radioulnar 
joint and ulnar wrist.

The deep portion of the distal radioulnar ligament 
(DRUL) attaches to the fovea of the ulna. The superficial 
portion of the DRUL surrounds the articular disc at its apex 
and is integrated into the meniscus homologue. The attach-
ment of the superficial ligament is poorly defined. The 
superficial ligament lies distal to the deep ligament. The tis-
sue between and peripherally integrated into the ulnar aspect 
of the superficial ligament and the ulnar capsule is the 
meniscus homologue. The ligamentum subcruentum is 
between the deep portion of the DRUL and the meniscus 
homologue.

Ulnar styloid fractures are usually associated with distal 
radius fractures and are the result of a fall onto an out-
stretched hand [6, 8, 9, 18, 19]. Isolated styloid fractures are 
rare but can be the result of direct trauma to the ulnar portion 
of the wrist [20]. Diagnosis is made with traditional radio-
graphs. These fractures are usually treated nonoperatively. 
Fibrous unions are relatively common and are often asymp-
tomatic. Surgery is reserved for ulnar styloid fractures asso-
ciated with distal radioulnar joint instability [19, 20]. 
Differential diagnosis for ulnar styloid fracture is presented 
in Table 36.2.

36.2.4  Clinical Presentation

Many patients with ulnar styloid fractures present with wrist 
pain in the hours after a fall onto an outstretched hand [1, 3, 
18, 23]. A majority of these patients have an associated distal 
radius fracture [6, 8, 9, 18, 19]. Individuals with acute iso-
lated ulnar styloid fractures will describe a recent direct blow 
to the ulnar portion of the wrist or a forced radial deviation 
injury [20]. In cases of nonunion, the patient may report a 
history of a prior distal radius fracture.

36.2.5  Physical Examination

In addition to ruling out other associated trauma, including 
distal radius fractures, physical examination of a patient with 

ECU Sheath

UT

UL

PRUL

Articular Disk

DRUL

ECU

U
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R

Fig. 36.4 Illustration of the wrist with the TFCC. R radius, U ulna, 
ECU extensor carpi ulnaris, DRUL dorsal radioulnar ligament, PRUL 
palmar radioulnar ligament, L lunate, T triquetrum, UL ulnolunate liga-
ment, UT ulnotriquetral ligament

Table 36.2 Differential diagnosis for ulnar styloid fracture

TFCC tear
ECU subluxation/dislocation
Triquetral fracture
Lunotriquetral tear
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a suspected ulnar styloid fracture involves a focused muscu-
loskeletal examination.

Inspection Obvious deformity may be seen as a result of an 
associated distal radius fracture, including swelling and 
ecchymosis. In cases of chronic ulnar styloid fractures, the 
wrist may appear normal or there may be a prominence of 
the ulnar head.

Palpation Tenderness is present over the region of the ulnar 
styloid. Laxity may be present with stress of the radioulnar 
joint.

Neurovascular Sensation to the hand is normally intact, 
though numbness in the median nerve distribution may be 
present due to compression from swelling in the carpal tun-
nel. Patients may report vague numbness in the ulnar nerve 
distribution from an isolated ulnar styloid fracture. As noted, 
checking pulses and warmth of the hand and wrist, and com-
parison to contralateral side, is imperative if someone has 
sustained an injury such as a fracture.

Strength Strength may be decreased due to pain.

Range of motion Wrist motion, including forearm rotation, 
may be decreased due to pain. Patients usually retain the 
ability to manipulate their fingers without issue.

36.2.6  Diagnostic Workup

Radiographs
Routine evaluation of a suspected fracture of the ulnar sty-
loid includes plain radiographs of the wrist with posteroante-
rior (PA), lateral, and oblique views [20] (Fig. 36.5).

Computed Tomography
CT provides an enhanced level of detail over plain radiographs 
and may be useful in more complex cases of ulnar styloid frac-
tures where the plan radiographs are inconclusive or in cases 
where the physician may require a greater level of detail [20].

Magnetic Resonance Imaging
MRI may be useful in diagnosing concomitant soft tissue 
injuries that may be in the differential for ulnar-sided wrist 
pain. These include but are not limited to TFCC tears or 
extensor carpi ulnaris (ECU) tears or subluxation.

Fig. 36.5 PA and lateral 
radiographs of distal radius 
fracture (triangle) with dorsal 
displacement with associated 
ulnar styloid fracture (arrow). 
(Used with permission from 
Springer publication, Chen 
AC et al., Indian J Orthop. 
2017;51 (1):93–98)
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36.2.7  Treatment

For the majority of ulnar styloid fractures associated with 
distal radius fractures, the major focus of attention is on the 
distal radius. [9, 18, 19] In many instances, reducing the 
radius will simultaneously reduce the ulnar styloid, though 
nonunion is still possible [17, 20]. The ulnar side of the wrist 
tends to be painful for several months after the distal radius 
is healed [17, 23, 25–31].

Medical Management
Splint or cast treatment is typically below the elbow (e.g., a 
short arm cast), unless the injury is associated with distal 
radioulnar joint instability in which case a long arm or above 
the elbow cast is indicated [7, 27].

Surgery
Surgical options are described in the Chap. 37. Indications 
include concomitant distal radioulnar joint instability, which 
is more common with fractures at the base of the styloid 
rather than the tip [32]. Surgery may also be indicated in the 
treatment of symptomatic nonunion [20, 27].

36.3  Scaphoid Fractures

36.3.1  ICD-10 Codes

S62.00–03

36.3.2  Description

Anatomy The scaphoid has a complex three-dimensional 
anatomy that has been described as a “twisted peanut.” The 

term is derived from the Greek word “skaphe,” meaning boat 
or skiff [36]. It is considered to be the most important carpal 
bone due to its function in bridging the proximal and distal 
carpal rows. Due to its complex shape, scaphoid fractures are 
difficult to diagnose and treat.

Scaphoid fractures account for 50–80% of all carpal frac-
tures [33, 35] and typically result from a fall on an out-
stretched hand with hyperextension of the wrist. They 
commonly occur in young, active adult males [35]. Diagnosis 
can be difficult as initial radiographs may be negative and 
many patients do not present immediately. CT or MRI may 
be necessary to confirm a suspected fracture. Untreated 
scaphoid fractures may result in wrist arthritis later in life. 
Treatment options range from cast immobilization for non-
displaced fractures to open reduction internal fixation with 
or without bone grafting for displaced fractures and 
nonunions.

The scaphoid is predominantly covered with articular car-
tilage (80%) due to its numerous articulations with the distal 
radius, lunate, capitate, trapezium, and trapezoid [34, 36]. As 
a result, there are very few points of entry for the blood sup-
ply, mainly through the non-articular dorsal ridge and the 
distal tubercle (Fig. 36.6). Consequently, proximal pole frac-
tures are more prone to osteonecrosis and nonunion due to 
the retrograde blood supply. The stability of the wrist is 
dependent on the integrity of the scaphoid. An unstable 
scaphoid fracture results in the typical “humpback defor-
mity” (apex dorsal and radial), due to the ligamentous attach-
ments of the proximal row. This results in extension of the 
lunate and subsequent dorsal intercalated segment instability 
(DISI). Differential diagnosis for scaphoid fracture is pre-
sented in Table 36.3.

Dorsal scaphoid
branch

S

RTz
MCI

Volar scaphoid
branch

Superficial branch
of radial artery

Radial artery

Fig. 36.6 Scaphoid blood supply. Most of the blood flow enters the 
scaphoid distally at the level of the dorsal ridge and through the proxi-
mal tubercle. Hence, fractures of the proximal pole may leave a seg-
ment of proximal bone with poor intrinsic blood supply and at risk of 

nonunion and avascular necrosis [34]. (Image adopted and modified by 
Yasmine from open access article by Jamie Corcoran et  al. Surgical 
angiogenesis for scaphoid non-union: a literature review Vascular Cell. 
2020; 12 (1):1)

G. S. Perrone et al.



341

36.3.3  Clinical Presentation

Patients are typically young, active individuals. As with 
patient’s age, the distal radial metaphysis is more likely to be 
the point of failure rather than the scaphoid for falls on an 
outstretched hand. Concomitant injuries are commonly seen, 
including distal radius fractures, fractures of other carpal 
bones, and associated perilunate injuries in cases of high- 
energy trauma. In the case of scaphoid nonunion, it is not 
uncommon for patients to present with wrist pain following 
a minor injury and report having had wrist trauma years ear-
lier that was felt to be a “sprain.”

36.3.4  Physical Examination

Evaluation of a patient with a suspected scaphoid fracture 
should involve the entire carpus and hand. Given the diffi-
culty of diagnosis on a physical exam alone, any patient with 
a concern for occult scaphoid fracture should be immobi-
lized until further imaging is obtained.

Inspection The affected wrist usually has deceptively little 
swelling. In the setting of a more severe trauma such as a 
trans-scaphoid perilunate injury, the wrist may be grossly 
deformed with swelling and ecchymosis.

Palpation Patients will have tenderness in the “anatomic 
snuff box,” which is located between the tendons of the first 
and third extensor compartments, the abductor policis longus 
(APL)/extensor policis brevis (EPB) and extensor policis 
longus (EPL), respectively. Patients may also have tender-
ness on the volar aspect of the hand along the scaphoid 
tubercle.

Sensation Sensation to the hand is normally intact.

Strength Strength can be decreased due to pain.

Range of motion Wrist motion may be limited due to pain, 
particularly at the wrist and base of the thumb. Patients usu-
ally retain the ability to manipulate their fingers without 
issue.

Special Test
Special maneuvers include the compression test and pinch-
ing of the thumb and index finger in pronation. Compression 
test: Axial compression of the thumb or palpation of the 
scaphoid tubercle on the volar aspect of the wrist will elicit 
pain. Pinching of the thumb and index finger with the fore-
arm in pronation may elicit pain [37].

36.3.5  Diagnostic Workup

Radiograph
X-rays should be obtained that include PA (Fig. 36.7) and 
lateral radiographs with the wrist in neutral position, oblique 
radiographs at 45–60° of pronation, and a posteroanterior 
radiograph with the wrist in 45° of ulnar deviation and pro-
nation. X-rays tend to underestimate the true displacement of 
the fracture and will often miss nondisplaced fractures, with 
a false-negative rate as high as 25% [2]. If there is an obvious 
fracture line present on plain radiographs, the fracture is con-
sidered displaced. If no fracture line is evident, but there is 
clinical concern for a scaphoid fracture, there are two options. 
First, the patient can be placed in a short arm thumb spica 
cast for 10–14  days prior to repeat imaging. Second, 
advanced imaging such as CT or MRI can be obtained.

Magnetic Resonance Imaging (MRI)
MRI has been found to have a pooled estimate for sensitivity of 
96% and specificity of 99% in many studies. [53] It prevents 
unnecessary radiation and prolonged immobilization in indi-
viduals that require their hands for work or sport. However, 
MRI can also “over diagnose” fractures as bone bruises can be 
difficult to distinguish from fractures. MRI is typically reserved 
for evaluation of concomitant ligament tears. It can also be used 
to assess vascularity of the proximal pole of the scaphoid.

Ultrasound (US)
US is becoming popular as an alternative for diagnosis as it 
is available in most emergency departments and clinics. 
Further, it can be quickly and safely performed while avoid-
ing radiation exposure. US can diagnose scaphoid fracture 
with sensitivity of 85.6% and specificity of 83.3% based on 
a systematically review by Kwee et al [54].

36.3.6  Treatment

Treatment is dictated by the location of the fracture, degree 
of displacement, associated injuries, and patient-specific fac-
tors such as occupation or activity level. [39]

Table 36.3 Differential diagnosis for scaphoid fracture

Distal radius fracture
Scapholunate ligament tear
De Quervain’s tenosynovitis
First carpometacarpal dislocation

36 Wrist and Hand Dislocations and Fractures



342

Medical Management
In addition to immobilization as described below, multiple 
adjunctive therapies have been described, including low- 
intensity pulsed ultrasound (LIPUS) and pulsed electromag-
netic fields (PEMF), which have been used to stimulate bone 
growth. [35]

Immobilization
Nondisplaced, distal, and middle one-third scaphoid fractures 
can be managed with immobilization for 6–12  weeks in a 
short arm thumb spica cast. X-rays are taken at 3-week inter-
vals until union is assured. CT may be helpful in equivocal 
cases. Approximately 95% of nondisplaced scaphoid waist 
and distal pole scaphoid fractures will heal with this form of 
treatment. Short-term complications related to cast treatment 
include stiffness, muscle atrophy, weakness, and pain.

Rehabilitation
After discontinuation of immobilization, therapy is first 
directed at restoration of range of motion in the wrist. The 
“dart thrower’s” motion from wrist extension and radial 
deviation to wrist flexion and ulnar deviation appears to 

result in low stress across the proximal row of carpal bones. 
Once motion is reestablished, the next phase includes wrist 
and forearm strengthening prior to resumption of unre-
stricted activity.

Surgery
Surgery is reserved for displaced scaphoid fractures and 
proximal pole fractures and for patients that require skilled 
use of their hand and earlier return to function. [39] Athletes 
typically undergo surgery more commonly than non-athletes 
as operative fixation results in decreased immobilization 
time and quicker return to play [37]. Surgery results in faster 
union rate and approximately 1 month earlier return to full 
activity. Complications, while uncommon, include infection 
and hardware prominence.

36.4  Hook of Hamate Fractures

36.4.1  ICD-10 Codes

S62.141–156

Fig. 36.7 Wrist PA X-ray at presentation showing a displaced scaphoid fracture with disruption of Gilula’s arcs. A 20-month postoperative PA 
films suggesting scaphoid fracture union. (Used with permission, Springer publication, Orthop Traumatol. 2011;12 (3):159–162)
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36.4.2  Description

Anatomy As the name implies, there is a slight curvature in 
the hook, with the arc traveling from ulnar to radial as the 
bone progresses more volarly. This creates a smooth concave 
radial surface that allows for smooth gliding of the ulnar- 
sided finger flexors as they pass through the carpal tunnel. 
The hook is an ulnar attachment point for the transverse car-
pal ligament and the piso-hamate ligament. Similar to the 
scaphoid, the blood supply of the hook places it at risk for 
avascular necrosis. The more prominent vessels are at the 
radial base of the hook.

Hamate fractures are subdivided into body and hook frac-
tures. In this section, we will detail the hook of hamate frac-
tures (Figs. 36.8 and 36.9). The hook of the hamate is a bony 
prominence that projects volarly from the body of the 
hamate. These are uncommon carpal bone fractures, account-
ing for 2–4% of all carpal fractures [40, 41], and are difficult 
to diagnose given the often-delayed presentation and the lack 
of sensitivity of conventional wrist X-rays. Due to the vascu-
lar supply and biomechanical factors, complications include 
avascular necrosis, nonunion, ulnar-sided finger flexor ten-
donitis, and tendon rupture. Treatment options include 

immobilization alone, which rarely results in union, surgical 
excision, and open reduction and internal fixation [41, 42]. 
Differential diagnosis for the hook of hamate fracture is pre-
sented in Table 36.4.

36.4.3  Clinical Presentation

Acute fractures of the hook of the hamate result from either 
direct or indirect trauma. Direct injuries result from a fall, 
crush injury, or direct blow to the hook. Patients will describe 
vague pain in the hypothenar area of the palm or occasion-
ally dorsally, aggravated by finger flexion or grip. In athletic 
activities that require the use of a handled object such as a 
racket, bat, or golf club, the butt of the handle can result in a 
fracture during a swing as a single event or from repetitive 
microtrauma [44]. Indirect injuries result from force trans-
mission through its muscular and ligamentous attachments 
during a fall or from sudden wrist extension and ulnar devia-
tion. Finally, forceful contraction of the ulnar finger flexors 
(small and ring finger) can cause a shear force at the base of 
the hook, thereby resulting in a fracture. Failure of healing is 
related to the tenuous blood supply and the repetitive stress 
of the ring and small finger flexor tendons against the radial 
side of the hamate hook.

a

b

c d

Fig. 36.8 MRI images of hook of hamate fracture and concomitant left 
scaphoid fracture. (a) Sagittal STIR shows significant marrow edema 
involving the hook and body of the hamate. (b) Hook of hamate fracture 
on axial T1. (c) Corresponding axial STIR sequences. (d) Coronal 

STIR sequences demonstrate marked edema with angulated fracture of 
the distal scaphoid pole (star) and marrow edema of the hook of hamate. 
(Image adopted and modified. Used with permission from Springer 
publication, Skeletal Radiology, 2018.47 (4) 505–510)
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36.4.4  Physical Examination

Hamate hook fractures are usually isolated injuries. In the 
setting of crush injuries, however, there may be multiple 
fractures that deserve attention.

Inspection In athletes, there may be a callous in the palm 
directly overlying the hamate hook, the result of chronic 
pressure from the handle of a baseball or softball bat or hand-
held racket. With acute trauma, there may be swelling, 
ecchymosis, and possibly damage to the overlying skin.

Palpation The location of the hamate hook in the palm is at 
the intersection between a line drawn along the fully abducted 
thumb and a line along the ring finger ray. Palpation in this 
area may demonstrate tenderness.

Sensation Patient may report paresthesias in the ulnar nerve 
distribution and, less commonly, the median nerve distribution.

a b

c d

Fig. 36.9 (a) Shows posteroanterior (PA) view and (b) shows lateral 
wrist and carpal tunnel radiographs of a subtle hook of hamate fracture. 
The red arrow on the PA view demonstrates a “ring sign” or discontinu-
ity of the cortical ring of the hook of hamate. The hook of hamate is 
difficult to visualize on the lateral radiograph. Although the hamate 

hook (arrow) is seen on the carpal tunnel view (c) the fracture is not 
apparent. (d) demonstrates a lucency projecting over the hamate in the 
expected location of the hook of hamate, i.e., “ghostly shadow” (red 
arrow). The black arrow in d shows the displaced hook of hamate. 
(Figures from author’s library.)

Table 36.4 Differential diagnosis for the hook of hamate fracture

Pisiform fracture
Lunotriquetral tear
Triquetral fracture
Ulnar artery thrombosis
FCU tendinitis
Ulnar neuropathy
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Strength Strength can be decreased due to pain, especially 
in the ulnar-sided finger flexors. On rare occasions, the deep 
motor branch of the ulnar nerve can be injured, resulting in 
intrinsic weakness.

Range of motion Wrist motion is usually preserved, except 
in cases of acute severe trauma. Chronic injuries can result in 
rupture of the flexor tendons to the small and ring fingers.

Special Test
Hook of hamate pull test: With the hand in an ulnarly deviated 
position and the wrist supinated, the patient is asked to flex the 
ulnar two digits against resistance. Since the hook of the 
hamate acts as a pulley for the ulnar digital flexors, this maneu-
ver may gap the fracture site, resulting in pain [40, 42, 45].

36.4.5  Diagnostic Workup

Radiographs
Fracture of the hook of the hamate is often missed on stan-
dard radiographs [41]. If there is a strong suspicion for a 
hook of hamate fracture, a carpal tunnel view should also be 
obtained. There are many radiographic signs on X-ray that 
may suggest a hook of hamate fracture. These include the 
“ring sign” and “ghostly shadow,” which refer to discontinu-
ity of the hook of hamate cortical ring and non-visualization 
of the hook of hamate with a lucency in its expected location 
(Fig. 36.1), respectively. [2] “Diffuse sclerosis” can be seen 
in chronic hook of hamate fractures (Fig. 36.9).

Computed Tomography
CT scans are obtained in cases where there is a high suspi-
cion of hook of hamate fractures, as plain radiographs may 
miss the fracture initially. Further, CT scan can give more 

details to the location and displacement of the fracture 
(Fig. 36.10).

Magnetic Resonance Imaging
MRI allows for definitive diagnosis and for the determina-
tion of any complications such as avascular necrosis. Further, 
MRI can be useful in diagnosis of stress fractures that may 
occur in swinging athletes. [41] Despite its limited utiliza-
tion, MRI has the highest imaging detection rate (100%) 
compared to CT (92%), carpal tunnel view (43%), and plain 
radiographs (10%) [42].

36.4.6  Treatment

Management of hook of hamate fractures is controversial, 
and treatment options range from immobilization alone to 
fragment excision, open reduction, and internal fixation. 
Acute fractures resulting from severe trauma are usually 
treated initially with immobilization, and in contrast, chronic 
injuries in athletes are usually treated with hamate hook 
excision.

Medical Management
Unless there are associated flexor tendon ruptures, a trial of 
immobilization is appropriate for most of the hook of 
hamate fractures. Complications include persistent pain, 
nonunion, stiffness, delayed return to sport, and flexor ten-
don rupture. [46]

Surgery
Early surgery, usually involving hamate hook excision, is 
indicated for competitive athletes and chronic fractures asso-
ciated with flexor tendon rupture [42]. Surgical options are 
described in the Chap. 37.

Fig. 36.10 Axial and sagittal CT images of a patient with subacute fracture of the tip of the hamate hook. (Figures from author’s library)
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Rehabilitation
Following hamate hook excision, patients are generally able 
to return to competitive athletics at about 6 weeks postopera-
tively. The surgical site may be tender, and a silicone gel pad 
and alteration in grip of the racket or bat may be necessary in 
the short term.

36.5  Metacarpal and Phalangeal Fractures

36.5.1  Synonyms

Hand fractures, finger fractures, boxer’s fracture

36.5.2  ICD-10 Codes

S62, multiple codes depending on which finger and/or 
phalanx

36.5.3  Description

Anatomy The five metacarpals articulate proximally with 
the distal row of the carpus and distally with the proximal 
phalanges of the digits. These bones are tubular and have a 
dorsal convexity. The second and third carpometacarpal 
joints have significantly less mobility than the fourth and 
fifth [1]. The wrist extensors insert into the bases of the sec-
ond, third, and fifth metacarpals. These attachment points 
produce deforming forces in certain metacarpal fractures. 
Distally, the metacarpals serve as attachment points for a 
portion of the pulley system on the volar aspect that keeps 
the flexor tendons from bowstringing. The extensor tendons 
run dorsally along the metacarpal. The deep transverse meta-
carpal ligaments connect the volar plates of the metacarpo-
phalangeal joints, forming a thick fibrous transverse arch 
linking the metacarpal heads.

The index, middle, ring, and small fingers each have three 
phalanges that form three articulations: the metacarpopha-
langeal (MCP) joint, proximal interphalangeal (PIP) joint, 
and distal interphalangeal (DIP) joint. The thumb has two 
phalanges that form two articulations: MCP and interphalan-
geal (IP) joint. There are numerous muscles, ligaments, and 
tendons that attach to the phalanges in the hand. The exten-
sor tendons continue dorsally along the phalanges to their 
terminal insertion at the base of the distal phalanx of the 
index through the small fingers. The flexor digitorum super-
ficialis and profundus tendons insert at base of the middle 
phalanx and distal phalanx, respectively.

Metacarpal and phalangeal fractures are common, 
accounting for 40% of upper extremity fractures [46, 47]. 
The proximal phalanx is the most common phalanx fracture, 
while the fifth metacarpal is the most common metacarpal 
fracture. [48] They result from direct or indirect trauma to 
the hand such as sports, industrial accidents, or falls from 
standing height. Management options include immobiliza-
tion and surgical repair. Complications are common and 
include residual stiffness, malunion, nonunion, contracture, 
malrotation, loss of knuckle prominence, arthritis, and exten-
sor lag. Differential diagnosis for metacarpal and phalangeal 
fracture is presented in Table 36.5.

36.5.4  Clinical Presentation

Clinical presentations for metacarpal or phalangeal frac-
tures are variable but involve direct or indirect trauma. 
Patients may present after a fall on an outstretched hand, a 
direct blow from an object, or a punch to another object/
individual. It is important to obtain an accurate history and 
mechanism of injury in the case of open wounds near the 
metacarpal head as these can reflect wounds from another 
person’s tooth and change management as discussed 
below.

36.5.5  Physical Examination

Depending on the mechanism of the injury, there could be 
multiple hand fractures or associated ligament injuries. 
Therefore, a thorough assessment of the entire injured hand 
is imperative.

Inspection Swelling, ecchymosis, and skin damage may be 
present. The loss of knuckle contour, malrotation, or gross 
deformity may be present with angulated or rotated 
(Fig. 36.11). Nail bed injuries may disguise an open distal 
phalanx fracture. A break in the skin overlying the metacar-
pal head is suggestive of a “fight bite.” [50]

Palpation Tenderness will be present in the area of the frac-
ture or dislocation and bony crepitus may be palpable.

Table 36.5 Differential diagnosis for metacarpal and phalangeal 
fracture

CMC, MCP, or PIP dislocation
Collateral ligament tear
Volar plate injury
Finger pulley rupture
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Sensation Sensation to the hand is normally intact although 
patients may report vague numbness or paresthesias in the 
affected finger. In penetrating, open, or crush injuries, there 
may be numbness indicating digital nerve injury.

Vascular Capillary refill should be assessed, and if there is a 
concern for decreased perfusion, the digital arteries should 
be assessed via Doppler. This is especially important in pen-
etrating, open or crush fractures.

Strength Strength is decreased due to pain.

Range of motion Both passive and active range of motion 
can be decreased due to pain particularly in the affected fin-
ger although neighboring digits may also be affected. 
Cascade of the fingers should be examined. Rotational defor-
mity can be assessed by asking the patient to make a fist or 
passively extending the wrist and observing for any abnor-
mal finger overlap, non-parallel nails among the fingers, or 
any flexion and angulation not seen on the uninjured side [4]. 
Malalignment is poorly tolerated in these fractures [51]. 
Extension and flexion of each finger and individual joint 
should be assessed to determine any concomitant ligamen-
tous injury.

36.5.6  Diagnostic Workup

Radiographs
Standard radiographs include PA, oblique, and lateral views 
(Figs. 36.11 and 36.12). When there is a concern for a frac-
ture or dislocation of a phalanx, dedicated views of that fin-
ger alone can help better determine the degree of displacement 
or presence of any joint dislocation or subluxation.

Computed Tomography (CT)
CT scans are reserved for intra-articular fractures to better 
characterize the degree and location of joint involvement. 
Also, CT of severely comminuted fractures may help dictate 
management and surgical approach [51].

Magnetic Resonance Imaging (MRI)
MRI is rarely utilized in metacarpal or phalanx fractures 
except in cases where this is suspected ligamentous or tendi-
nous injury such as in the base of the thumb ulnar collateral 
ligament (UCL) injuries. Plain radiographs are oftentimes 
unable to differentiate a purely bony avulsion fracture versus 
an associated ligamentous injury in these cases.

36.5.7  Treatment

Medical Management
Metacarpal fractures that have no rotational deformity and 
are extra-articular are amenable to non-surgical management 
with immobilization. Generally, metacarpal fractures that are 
more ulnar and distal can tolerate more degrees of angulation 
and are, thus, more amenable to immobilization. For exam-
ple, metacarpal shaft fractures of the ring and small fingers 
can tolerate 30 and 40 degrees of angulation, respectively, 
while the index and middle fingers can tolerate 20 degrees of 
angulation [52]. In general, immobilization includes the 
fractured metacarpal and the neighboring digits to provide 
further stability. However, the literature varies drastically on 
the need to immobilize the wrist and the recommended 
degree of flexion of the metacarpophalangeal joint. Studies 
have shown equivalent outcomes regardless of the immobili-
zation technique. [52]

If the fracture is displaced (typically apex dorsal), a reduc-
tion is performed using the Jahss technique, whereby the 
metacarpophalangeal joint and proximal interphalangeal 
joint are held in 90° degrees flexion while applying a dor-
sally directed pressure. Similarly, phalangeal fractures that 
have no rotational deformity and do not have significant 
articular involvement can be managed with immobilization. 
Depending on the finger and phalanx injured, immobiliza-
tion can range from a finger splint to the neighboring digits 
or an intrinsic plus splint including the wrist/hand. For any 
dislocation, a reduction should be performed followed by 
immobilization and repeat imaging to determine the ade-
quacy of the reduction.

Rehabilitation
Loss of digital motion can significantly impair function fol-
lowing hand fractures. Consequently, it is imperative to 
encourage the patient to move all joints that are not included 
in the splint or cast. The safe position for PIP immobilization 
is in full extension, whereas the safe position for the MCP 
joint is in full flexion, or the “intrinsic plus” position tendon 
gliding exercises are important in combined injuries. 
Supplemental splints, such as static progressive or dynamic 
finger extension splints, are often prescribed to restore PIP 
joint extension.

Surgery
The indications for operative treatment of metacarpal frac-
tures include any rotational deformity, greater than 5 mm of 
metacarpal shortening, greater than 1 mm of articular step- 
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Fig. 36.11 Hand pain following a twisting injury to the middle finger. 
Inspection (a) demonstrates subtle ulnar deviation and pronation of the 
digit, which is magnified by tenodesis or passive extension of the wrist 
(b). (c) PA radiograph of the right hand demonstrates a spiral fracture of 

the third metacarpal. (d) Oblique radiograph of the patient demon-
strates both a fracture-subluxation of the proximal interphalangeal joint 
and a distal phalanx “bony mallet” fracture
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off, or greater than 25% of articular involvement. Additionally, 
patient-specific factors are considered. Surgical options are 
described in the Chap. 37.
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Wrist and Hand Surgeries

Todd Alter, Matthew H. Nasra, Andrew J. Butler, 
and Alfred J. Tria Jr

37.1  Surgery for Tendons and Ligament 
in the Wrist and Hand

37.1.1  Description

In this section, we discuss surgical intervention for the fol-
lowing injuries to tendons and ligaments in the wrist and 
hand: intersection syndrome, carpal tunnel syndrome, trian-
gular fibrocartilage complex (TFCC) tears, trigger finger, de 
Quervain’s syndrome, and thumb ulnar collateral ligament 
(UCL) injuries.

37.1.1.1  Intersection Syndrome

Operation
Intersection syndrome is an inflammatory condition that 
results from repetitive gliding between the first and second 
dorsal compartment extensor tendons during wrist flexion 
and extension movements. Surgery for this entity is reserved 
for the most recalcitrant cases. Operative treatment involves 
fasciotomy and synovectomy of the abductor pollicis longus 
(APL) and extensor pollicis brevis (EPB) tendons, decom-
pression of the second dorsal compartment tendons, and 
debridement of the inflamed tissue [5].

Rehabilitation
Postoperatively, the patient is placed in a dressing/splint for 
1–7  days. Active range of motion (ROM) and progressive 
resistive exercises follow, with a return to full activities at 
10 days [6].

37.1.1.2  Carpal Tunnel Syndrome

Operation
When conservative measures fail, surgical decompression of 
the transverse carpal ligament by endoscopic, open release, 
or percutaneous approach can effectively alleviate carpal 
tunnel symptoms. Studies have compared endoscopic and 
open approaches with only a week faster return to work with 
the endoscopic technique [7]. In the past few years, office- 
based ultrasound-guided percutaneous approach has become 
an additional option for the release of transverse carpal 
ligament.

Rehabilitation
The goals of postoperative rehabilitation include reducing 
pain and swelling, promoting scar desensitization, and 
improving functional recovery. Active ROM and passive 
ROM (PROM) exercises can be initiated within the first 
week after surgery and return to full activities within eight 
weeks [8].

37.1.1.3  Triangular Fibrocartilage Complex 
(TFCC) Tears

Operation
Numerous surgical interventions can be implemented 
depending on the type of TFCC injury. For acute type 1A 
tears (central), arthroscopic debridement is indicated due to 
inadequate blood supply for healing. Arthroscopic or open 
repair may be performed for acute type 1B (ulnar), 1C (dis-
tal), and 1D (radial) injuries. Chronic (type 2) TFCC tears 
can be managed based on the amount of ulnar variance. For 
chronic tears with ulnar positive variance <2 mm, a wafer 
procedure (debridement with partial distal ulna resection), 
limited ulnar head resection, or ulnar shortening can be per-
formed. For chronic tears with ulnar positive variance 
>2 mm, ulnar shortening osteotomy can be performed. Other 
less frequent options include a Darrach ulnar head resection, 
which is mainly used as a salvage procedure for recalcitrant 
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pain [9]. After an isolated debridement without repair, the 
patient can be placed in a soft dressing or short arm cast/
splint for 1–2  weeks to allow for surgical site healing. 
Strengthening can begin when near normal active ROM 
(AROM) is achieved and full activity at 4–6 weeks. If the 
TFCC tear has been repaired, the patient is placed in a long 
arm cast in supination for 4–6 weeks.

Rehabilitation
After cast removal, active and passive therapy is begun, fol-
lowed by progressive strengthening, but full activity is not 
allowed until 3–4 months [4]. For ulnar shortening  osteotomy, 
the short arm cast/splint is removed at 2 weeks, followed by 
ROM as tolerated and unrestricted activity after union at 
around 3 months.

37.1.1.4  Trigger Finger

Operation
The release of the A1 pulley can effectively alleviate trigger-
ing symptoms in >90% of patients. While surgical release via 
a mini-open approach remains the gold standard, many clini-
cians prefer percutaneous A1 pulley release with a needle or 
hook blade. On occasion, persistent triggering may exist after 
A1 pulley release, necessitating the release of additional struc-
tures (e.g., flexor digitorum superficialis slip, A2 pulley) [1].

Rehabilitation
Postoperatively, patients are placed into a non-restrictive soft 
dressing and allowed full use of the operative hand [2]. 
Dedicated hand therapy is typically not needed except in 
cases with residual symptoms or significant preoperative 
contractures.

37.1.1.5  De Quervain’s Syndrome

Operation
The operative technique involves surgical release of the 
sheath of the first dorsal compartment with decompression 
of the abductor pollicis longus (APL) and extensor pollicis 
brevis (EPB) tendons [3]. Following surgery, a thumb spica 
splint is used for the first 1–2 weeks.

Rehabilitation
Early range of motion (ROM) exercises for the hand may 
begin right after the procedure with return to unrestricted 
activities after removal of the sutures and splint. For athletes 
and more severe cases, progressive strengthening with atten-
tion to the status of the radial sensory nerve and accessory 
branches [4] may require up to 6–8  weeks prior to unre-
stricted activity.

37.1.1.6  Thumb Ulnar Collateral Ligament 
(UCL) Injuries

Operation
Early surgical intervention is indicated for the acute thumb 
UCL tear with an indistinct endpoint to valgus stress exami-
nation. Oftentimes, the adductor aponeurosis can become 
caught between the torn ends of the UCL (Stener lesion) 
[14]. The surgery includes direct ligamentous repair with 
occasional K-wire protection. The hand is immobilized in a 
thumb spica splint for 4–6 weeks, followed by ROM exer-
cises and progressive strengthening. Unrestricted use of the 
hand is allowed at about 3 months [15].

Rehabilitation
Rehab after surgical treatment of chronic tears is similar but 
with a slower progression.

37.2  Surgery for Fractures 
and Dislocations in the Wrist 
and Hand

37.2.1  Description

In this section, we will discuss surgical intervention for the 
following fracture and dislocations in the wrist and hand: 
scaphoid fractures, perilunate dislocation (PLD), distal 
radius fractures, mallet finger, and digital fractures.

37.2.1.1  Scaphoid Fractures

Operation
Operative intervention is indicated for scaphoid fractures 
that are displaced, unstable, or located at the proximal pole 
as these have a higher risk of non-union and osteonecrosis. 
Open reduction and internal fixation (ORIF) with cannulated 
headless compression screws are the most frequently utilized 
techniques and can be performed by multiple approaches 
[16]. A short arm or thumb spica splint is applied postopera-
tively and remains for 1–2 weeks, followed by a cast or ther-
moplastic splint for 6–10  weeks (duration depends on 
evidence of healing).

Rehabilitation
After cast removal, active and passive ROM exercises are 
initiated for 1–2 weeks, followed by progressive strength-
ening. A removable splint is used for protection with ath-
letic activities for at least 3  months after cast removal. 
Athletes will have variations in rehab depending on their 
sport.
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37.2.1.2  Perilunate Dislocation

Operation
All perilunate dislocations (PLD) and perilunate fracture- 
dislocations (PFLD) should be treated surgically. Closed 
reduction of the injury is performed acutely, followed by 
open reduction, ligamentous repair, and internal fixation 
when the swelling has improved [17]. This procedure can be 
performed with a dorsal, volar, or combined approach. 
Median nerve injury is frequently associated with these inju-
ries, and the release of the carpal tunnel is recommended if 
symptoms are present. Chronic PLD or perilunate fracture 
dislocation (PLFD) can be treated with open reduction and 
internal fixation (ORIF), proximal row carpectomy, or total 
wrist arthrodesis.

Rehabilitation
Postoperative rehabilitation begins with splint immobiliza-
tion for 1–2 weeks followed by casting for 6–8 weeks total. 
After cast removal, active and passive ROM exercises of the 
wrist, forearm, and thumb are initiated, followed by progres-
sive strengthening protocols with hardware removal at 
approximately 12 weeks [17].

37.2.1.3  Distal Radius Fractures

Operation
Closed reduction and immobilization are the preferred treat-
ments for non-displaced and stable distal radius fractures. 
ORIF is most often indicated for unstable, displaced, or com-
minuted distal radius fractures [18]. Distal radius ORIF can 
be accomplished with a dorsal-, volar-, or fragment-specific 
approach based on the fracture and patient characteristics.

Rehabilitation
Postoperatively, active and passive ROM of the fingers, 
elbow, and shoulders can begin immediately. Postoperative 
splints are removed at about 2 weeks, and active ROM of the 
wrist is initiated, followed by passive ROM 1–2 weeks later. 
A removable splint is to be worn at all times when not exer-
cising or bathing. From 6–12 weeks, the patient can begin 
progressive strengthening and weaning of the splint until 
unrestricted activity at about 12 weeks [4].

37.2.1.4  Mallet Finger

Operation
Surgical management is indicated for specific injuries, non- 
compliance, and in professions where splinting would not be 
feasible. Doyle [10] classified these injuries into four types. 

Type I mallet fingers are closed injuries with or without 
small avulsion fractures, type II are open injuries, type III 
have skin and tendon tissue loss, and type IV have a fracture 
fragment >20% of the articular surface or involving the phy-
sis. Surgical treatment of type I injuries involves immobiliza-
tion of the distal interphalangeal (DIP) joint in extension 
with a K-wire. Type II injuries may be treated with direct 
open tendon repair. Type III injuries require reconstruction 
and tendon grafting. Type IV injuries are treated operatively 
if the fractures involve >50% of the articular surface or DIP 
joint subluxation exists.

Rehabilitation
After surgery, the DIP joint is immobilized in extension 
with or without a K-wire for 6–8  weeks followed by a 
period of nighttime splinting [11] with progressive ROM 
for an additional 6 weeks. Following these strict DIP exten-
sion protocols is essential for healing, but PIP flexion 
should still be encouraged while the DIP joint is immobi-
lized [4].

37.2.1.5  Other Digital Fractures

Operation
Surgical intervention may be indicated for injuries with dis-
placed articular fragments, rotational malalignment, or sig-
nificant angulation/shortening. Distal phalangeal fractures 
rarely require surgical fixation, but closed reduction and per-
cutaneous pinning (CRPP) is preferred when indicated. 
CRPP remains the treatment of choice for unstable proximal 
and middle phalanx fractures and metacarpal fractures that 
can be reduced by closed means. When open reduction is 
required, fixation can be achieved with pins, interfragmen-
tary screws, or a plate and screws depending on the fracture 
pattern. Other dislocations, such as at the metacarpophalan-
geal joint, may also require open reduction due to interposi-
tion of the surrounding soft tissues [12].

Rehabilitation
Postoperative rehabilitation is as variable as the treatment 
modalities used for these injuries. For less rigid constructs 
(i.e., Kirschner wires), immobilization is required for about 
4  weeks until fracture healing and pin removal. For more 
rigid constructs (screws or plates), early active finger motion 
should be encouraged to promote tendon gliding and 
decrease adhesions and contractures. Fabricated static splints 
can be made for these patients to be used between exercise 
sessions. After open reduction of dislocations, the affected 
joint is generally splinted in flexion for 2–4 weeks, followed 
by progressive protected motion [13].
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37.3  Surgery for Wrist and Hand 
Osteoarthritis (OA)

37.3.1  Wrist OA

Arthritis affecting the wrist is not one condition, but rather a 
spectrum of arthritides with varying etiologies, presenta-
tions, and treatments. Etiology aside, these can be broadly 
categorized by the affected joints into pan-carpal arthritis, 
radiolunate arthritis, radioscaphoid arthritis, and radioscaph-
olunate arthritis.

37.3.1.1  Operation
The overall goal in surgical management of these condi-
tions is to produce a pain free and stable wrist while pre-
serving as much strength and motion as possible. Surgical 
treatment of pan-carpal arthritis is most commonly radio-
carpal fusion, especially in young and higher-demand 
patients. However, total wrist arthroplasty can be utilized in 
lower-demand patients who will not be placing high levels 
of stress across the implant. Isolated radiolunate arthritis 
with a preserved midcarpal joint can be treated with radio-
lunate fusion. Arthritis affecting the radioscaphoid articula-
tion is differentially treated depending on capitate and 
lunate involvement. If the capitate and lunate are involved, 
four-corner fusion is the preferred surgical intervention. 
However, if the capitate and lunate are preserved, the sur-
geon has the option of four- corner fusion or proximal row 
carpectomy. For arthritis affecting the radius, scaphoid, and 
lunate with preservation of the midcarpal joint, radioscaph-
olunate fusion is indicated [22].

37.3.1.2  Rehabilitation
Postoperative rehabilitation protocols differ depending on 
the procedure performed. In general, rehab progresses less 
aggressively in fusion patients, as excessive early motion 
can prevent or delay adequate fusion [23]. For the first 
2  weeks after total wrist fusion, the patient is left in the 
postoperative splint. After 2  weeks, a short or long arm 
splint is applied. A fitted, moveable splint in the neutral 
position can also be used if it is worn at all times. Active 
and passive ROM for the fingers and elbow can be started 
immediately but without wrist motion. At 6 weeks, gentle 
hand strengthening is incorporated, and a removable splint 
can be used when not in therapy. After 10 weeks, the splint 
can gradually be removed with no restrictions after 
12  weeks. The postoperative management for the limited 
arthrodesis is similar, but some ROM of the wrist is pre-
served. Once rigid, immobilization is discontinued at 
6 weeks.

ROM can be started earlier after proximal row carpec-
tomy because fusion is not necessary. AROM of the wrist 
can start at 4 weeks with a removable orthosis at all other 

times, and by 6 weeks, the splint can gradually be removed 
and full PROM instituted. Strengthening can commence at 
8 weeks with a goal to be done with therapy at 12 weeks. 
Similarly, patients undergoing total wrist arthroplasty can 
begin gentle wrist AROM and active-assisted range of 
motion (AAROM) in therapy as early as a few days after 
surgery, with a wrist splint at all other times [24]. At two 
weeks, therapy can begin to focus on functional tasks, with 
strengthening starting at 4 weeks and a gradual weaning of 
the splint until week 6. The remainder of the therapy focuses 
predominantly on ROM and activities of daily living 
(ADLs), as these implants are not designed for significant 
weighted exercises.

37.3.2  Thumb Metacarpophalangeal (Basal 
Joint) Arthritis

One of the most common complaints in elderly is painful 
first metacarpophalangeal joint (trapeziometacarpal). It 
interferes with ADLs and work and at times requires surgical 
intervention for improvement in function and pain.

37.3.2.1  Operation
Trapeziectomy is the most common surgical treatment when 
conservative measures fail. Simple trapeziectomy may be 
modified to include ligament reconstruction, tendon interpo-
sition with temporary Kirschner wires, or suture button con-
structs [19]. Rehab consists of 3–6 weeks of immobilization 
[20] followed by active and passive ROM and subsequent 
progressive strengthening and a return to full function at 
3 months [21]. In some cases, mobilization may be started as 
soon as 3 days after surgery.

37.3.2.2  Rehabilitation
The rehab protocols for other procedures that include thumb 
metacarpal extension osteotomies, carpometacarpal arthrod-
esis, and implants (e.g., spacers, resurfacing, prostheses) are 
tailored individually for each procedure.

37.3.3  Interphalangeal Joint Arthritis

Surgical intervention for arthritis of the interphalangeal (IP) 
joint is indicated for functional impairment or intractable 
pain after a failed conservative management. Arthrodesis is 
the most commonly utilized method and is the treatment of 
choice for both distal interphalangeal (DIP) joint and proxi-
mal interphalangeal (PIP) joint arthritis.

37.3.3.1  Operation
PIP joint arthroplasty with silicone or metal implant pros-
thesis is a viable treatment option in the appropriate patient 
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that desires motion of the joint. The recovery course follow-
ing arthroplasty is longer compared to arthrodesis. 
Postoperatively, the patient is placed in a finger gutter or 
volar/dorsal splint.

Fusion of the DIP joint involves internal fixation with 
either crossed K-wires, interosseous wiring, a combination 
of K-wire and wire loop, or intramedullary screw [25]. For 
the PIP joint, internal fixation can be achieved with K-wires, 
interosseous wire loops, and tension band wiring. Following 
arthrodesis, the patient is placed in a finger gutter or volar/
dorsal splint.

37.3.3.2  Rehabilitation

Postoperatively DIP Splinting of the DIP joint with a 
focus on ROM exercises of the other fingers and joints is 
initiated early. Patients typically return to full activity by 
6–8 weeks [25]. Gentle active ROM of joints proximal and 
distal to the fused joint is begun with solid union by six to 
eight weeks [25].

Postoperatively PIP Active ROM and PROM exercises 
can begin within a few days and buddy taping; dynamic or 
static flexion splint can be added. ROM exercises are 
increased at week 3, followed by gentle progressive 
strengthening at week 8 and discontinuation of the splint by 
12–14 weeks [25].

37.3.4  Metacarpophalangeal Joint Arthritis

Arthrodesis is generally reserved for the index finger 
MCP joint, especially in the younger patient or manual 
laborer [25].

37.3.4.1  Operation
Fixation can be achieved with tension band wiring, K-wires, 
or plate fixation. Postoperatively, static forearm splinting of 
the involved MCP joint with active ROM of the uninvolved 
joints can be initiated, and patients can discontinue the splint 
by 6–8 weeks depending upon the evidence of union [25].

37.3.4.2  Rehabilitation
Arthroplasty with silicone or metal implant prosthesis is the 
most widely accepted technique. Postoperatively, the patient 
is placed in a forearm dynamic outrigger splint to be worn 
during the day for 6–8  weeks and a forearm MCP and IP 
extension splint to be worn at rest or sleeping for three 
months until the joint is stable [25]. Alternatively, buddy tap-
ing with active ROM exercises or compressive isotoner glove 
with composite flexion and extension exercises can be uti-
lized instead of the outrigger split [25].
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Anterior Hip Disorders

Kristian Von Rickenbach, Joanne Borg-Stein, 
and Haylee Borgstrom

38.1  Femoroacetabular Impingement

38.1.1  Synonyms

• Cam impingement
• Pincer impingement

38.1.2  ICD 10 Code

M25.85

38.1.3  Description

Anatomy The hip joint is a multidirectional ball-and-socket 
joint with the femoral head articulating with the concave 
acetabulum. The most inferior aspect of the acetabulum is 
incomplete, known as the acetabular notch. A fibrocartilagi-
nous labrum adheres to the acetabular edge and thickens 
inferiorly to bridge the acetabular notch as the transverse 
acetabular ligament.

The proximal portion of the femur includes the articulat-
ing spherical femoral head and the narrowed femoral neck. A 
125–130° inclination angle exists between the femoral neck 
and the femoral body, also known as the femoral neck–shaft 
angle. A fibrous joint capsule including the iliofemoral, 
ischiofemoral, and pubofemoral ligaments provides stability 
to the joint. Normal hip range of motion (ROM) is approxi-
mately 120° of flexion, 10° of extension, 45° of abduction, 
25° of adduction, 45° of external rotation, and 35° of internal 
rotation, though normal ranges vary and symmetry is an 
important consideration.

Femoroacetabular impingement (FAI) is a common 
source of hip pain in the young- and middle-aged population, 
occurring secondary to abnormal abutment of the acetabu-
lum and the proximal femur with associated soft tissue 
impingement. Accordingly, FAI is a mechanical and often 
multifactorial process with both static and dynamic risk fac-
tors. Congenital or acquired bony morphologic characteris-
tics that result in approximation of the proximal femur on the 
acetabular rim, often in extreme ranges of flexion and inter-
nal rotation, may predispose to FAI.  These morphologic 
changes may be idiopathic or secondary to repetitive stress 
during adolescence [1]. Dynamically, weak hip abductors, 
particularly gluteus medius, may result in increased hip 
adduction and exacerbation of impingement symptoms.

Based on bony morphology, FAI is commonly described 
as cam type, pincer type, or combined, with combined being 
the most common:

• A cam lesion is defined by a non-spherical enlargement of 
the femoral head at the femoral head–neck junction, also 
described as a pistol grip deformity (Fig. 38.1).

• A pincer lesion results from acetabular over-coverage of 
the femoral head [1]. Cam lesions are generally more 
prevalent in young males, while pincer lesions are more 
prevalent in middle-aged women [1]. Among athletes, 
however, cam lesions have been described to occur more 
commonly in both females and males [2].
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It is important to note that radiographic FAI does not 
imply symptomatology as these findings are often present in 
asymptomatic individuals [3]. FAI is an important risk factor 
for the development of labral tears and early hip osteoarthri-
tis. Among those undergoing surgery for FAI, 55% were 
found to have labral pathology, which is associated with 
early joint degenerative changes [4].

38.1.4  Clinical Presentation

Classically, FAI presents as anterior hip or groin pain, which 
is often described as sharp, pinching, or deep in nature and is 
typically insidious in onset. Patients may demonstrate the 
“C” sign with cupping of the fingers anteriorly and the thumb 
posteriorly demonstrating location of hip pain common with 
intra-articular hip pathology (Fig. 38.2). Given frequent con-
comitant intra-articular hip pathology such as chondral inju-
ries or labral tears, pain may refer in complex and variable 
patterns, most commonly to the anterolateral thigh and but-
tock region. Radiation below the knee has been described in 
nearly 25% of cases [5]. Commonly, pain is worse with 
movements that result in hip flexion, adduction, and/or inter-
nal rotation, such as prolonged sitting, squatting, or pivoting, 
as well as impact activity and transitional movements. 
Mechanical symptoms such as locking, clicking, or popping 
may be present.

38.1.5  Physical Examination

The differential diagnosis for anterior hip pain is broad 
(Table 38.1). Physical examination must include a thorough 
bilateral hip evaluation with special attention to asymme-
tries. In addition, a comprehensive spine, bony pelvis, soft 
tissue, sacroiliac, and neurologic assessment must be per-
formed. Depending on history, additional examination for 
intra-abdominal or intrapelvic pathology can be included.

Gait evaluation Gait is typically non-antalgic, but 
Trendelenburg gait may be present due to weak hip abduc-
tors further contributing to dynamic hip adduction and 
impingement positioning. Patients may endorse reproduc-
tion of pain with stance phase on the affected leg. Gait speed 
may be reduced.

Observation Inspection for posture, pelvic tilt, leg length 
discrepancy, and deformity should be completed, noting sig-
nificant asymmetries. Often inspection is normal in FAI with 
or without labral tear, though the affected hip may be held in 
external rotation to avoid impingement position.

Palpation Palpatory examination is often normal, though 
hip flexor tendon pain/dysfunction, gluteal and iliotibial 
band tendinopathy, and regional myofascial pain may also 
coexist, which should prompt further evaluation.

a b

Fig. 38.1 Cam-type morphology with prominence of the femoral 
head–neck junction on elongated femoral neck radiograph (a). Alpha 
angle (normal <55 degrees) is measured by the angle between two inter-

secting lines: one along the femoral neck axis, the other from the center 
of the femoral head to the point where femoral head sphericity is lost 
(b)
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Range of motion (ROM) Both passive and active ROM 
should be examined in all planes. Reproduction of index 
anterior hip or groin pain, particularly in flexion, adduction, 
and internal rotation, is suggestive of FAI. Unilateral limita-
tions in end ROM indicate intra-articular hip pathology and 

possibly associated labral tear or osteoarthritis, which may 
be asymmetric compared to contralateral hip.

Sensory testing Upper lumbar/lower thoracic radiculopathy 
may mimic the classic groin pain distribution of FAI. Bilateral 
sensory examination should be normal in FAI (T12-S1). If 
deficits are present, further workup for radiculopathy is 
warranted.

Deep tendon reflexes Lower extremity reflexes should be 
tested, including patellar (L4 predominant), medial ham-
string (L5), and Achilles (S1) tendons. Reflexes should be 
normal 2+ and symmetric in FAI. If changes or asymmetries 
are present, neurologic etiology should be considered.

Motor testing Pain-limited weakness may be noted with 
manual muscle testing in supine and/or seated hip flexion, 
adduction, abduction, side-lying hip abduction, and/or prone 
extension in FAI. Strength assessment including L2-S1 myo-
tomes should also be completed to evaluate for possible neu-
rologic etiology.

Joint testing Careful assessment of the lumbar spine includ-
ing pubic symphysis, facet joints, and sacroiliac joints should 
be performed.

38.1.6  Special Maneuvers

FADIR (anterior impingement) test With the patient in a 
supine position, the affected hip is passively moved into 
Flexion, ADduction, and Internal Rotation (Fig.  38.3a). A 
positive test reproduces index hip pain in FAI as this position 
results in approximation of the proximal femur and acetabu-
lum. This is the most sensitive clinical test for FAI and labral 
tears with sensitivity reported over 90% though with low 
specificity [6, 7].

FABER (Patrick’s) test Also with the patient in supine posi-
tion, the affected hip is passively moved in Flexion, 
ABduction, and External Rotation (Fig. 38.3b). Reproduction 
of index anterior hip pain suggests intra-articular hip pathol-
ogy with sensitivity of approximately 80%, but is not spe-
cific for FAI alone [7]. Posterior pain with this maneuver 
may suggest sacroiliac joint disease.

Single-leg squat may demonstrate gluteal weakness with 
increased dynamic hip adduction contributing to impinge-
ment positioning. Other maneuvers that are commonly uti-
lized to evaluate for intra-articular hip pathology include the 
log roll (Fig. 38.3c), Stinchfield’s test (or resisted straight leg 
raise) (Fig. 38.3d), hop test, and scour test (all with lower 
sensitivities and specificities for FAI and labral tears) [6, 7].

Fig. 38.2 Classic “C” sign with cupping of the fingers anteriorly and 
the thumb posteriorly demonstrating location of hip pain common with 
intra-articular hip pathology

Table 38.1 Differential diagnosis for anterior hip pain

Intra-articular pathology
   Femoroacetabular impingement Cartilage defect
   Labral tear Osteoarthritis
   Hip dysplasia Joint arthropathies
   Hip fracture/bone stress injury
   Ligamentum teres tear

Avascular necrosis
Septic arthritis

Peri-articular pathology
   Anterior snapping hip Athletic pubalgia
   Iliopsoas tendinopathy/bursopathy Osteitis pubis
   Adductor or hip flexor strain Hernia
Referred pain
   Lumbar spine pathology including 

radiculopathy
   Peripheral nerve impingement

Intra-abdominal referred 
pain
Intrapelvic referred pain
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38.1.7  Diagnostic Workup

FAI is a clinical diagnosis. Imaging is often utilized to fur-
ther characterize contributing bony morphology; evaluate for 
concomitant labral, chondral, or soft tissue pathology; or 
rule out other differential diagnoses.

X-ray Plain radiographs are typically the main imaging 
modality in patients with suspected FAI and should include 
anteroposterior (AP) and lateral views of the hip. Weight- 
bearing AP pelvis is recommended as this allows for evalua-

tion of concomitant joint degenerative change. The elongated 
femoral neck (or Dunn) view, which is obtained with 45 
degrees of hip flexion, better reveals the anterior femoral 
head–neck junction where cam-type lesions are most com-
monly located [8]. Though with limited clinical utility, an 
alpha angle greater than 55 degrees on Dunn radiograph and a 
lateral center-edge angle (LCEA) greater than 40 degrees on 
AP radiograph are suggestive of cam and pincer  deformities, 
respectively [8] (Figs. 38.1 and 38.4). The presence of os ace-
tabuli, or a small ossicle at the superolateral acetabular margin, 
has been associated with FAI and underlying labral tear.

dc

baFig. 38.3 Common clinical 
examination maneuvers to 
evaluate for intra-articular hip 
pathology: FADIR (a), 
FABER (b), logroll (c), and 
Stinchfield’s test (d)
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Computed tomography (CT) CT is typically reserved for 
preoperative assessment and surgical planning to better 
understand its structural anatomy.

Magnetic resonance images Magnetic resonance imaging 
(MRI) with or without arthrography is often utilized to assess 
for concurrent articular cartilage or labral defects, both of 
which are associated with FAI.

Musculoskeletal ultrasound Both cam and pincer lesions 
can be seen on ultrasound by an experienced sonographer. 
Dynamic hip range of motion may demonstrate 
impingement.

Diagnostic intra-articular hip injection In cases where 
diagnosis remains ambiguous, a single ultrasound- or 
fluoroscopy- guided intra-articular hip injection with local 
anesthesia can be performed.

38.1.8  Treatment

38.1.8.1  Medical Management
Conservative treatment for FAI typically consists of patient 
education, activity modification including avoidance of 
impingement positioning, ice, and nonsteroidal anti- 
inflammatory drugs (NSAIDs) for pain management.

38.1.8.2  Rehabilitation
A 6- to 8-week course of physical therapy is often successful 
for the treatment of FAI and labral tears and should focus on 
core and gluteal strengthening, correction of dynamic 
malalignment contributing to hip adduction/impingement 
positioning, postural optimization to address lumbar hyper-

lordosis or anterior pelvic tilt, and manual therapy as indi-
cated [1, 9]. Common rehabilitation exercises for FAI and 
labral tears are depicted in Fig. 38.5. Forced stretching, espe-
cially at the end range of motion, should be avoided.

38.1.8.3  Procedures
Intra-articular hip injection A single ultrasound- or 
fluoroscopy- guided intra-articular hip injection with local 
anesthetic with or without corticosteroids may be used for 
diagnostic and/or therapeutic purposes (Fig.  38.6). Pain 
relief has a high sensitivity for intra-articular pathology [1]. 
Alternative injectates including platelet-rich plasma, hyal-
uronic acid, and other orthobiologics may be considered, 
though limited high-quality evidence exists for their thera-
peutic benefit.

38.1.8.4  Surgery
Surgical interventions including arthroscopic debridement 
and osteoplasty may be considered for refractory cases and 
are discussed in detail in a subsequent chapter. If present, 
labral pathology is often addressed simultaneously. Surgical 
outcomes are typically positive with most patients returning 
to their previous level of activity. Poorer outcomes are asso-
ciated with increased age, obesity, and pre-existing osteoar-
thritis [1]. Surgical risks include neurovascular injury, 
heterotopic ossification, deep venous thrombosis, and infec-
tion. See Chapter 42 for more details on hip surgeries.

38.2  Acetabular Labral Tear

38.2.1  Synonyms

Hip labral tear

38.2.2  ICD 10 Code

S73.1, M24.159

38.2.3  Description

Anatomy The horseshoe-shaped labrum contributes to joint 
stability and acetabular depth, force absorption and distribu-
tion, and maintenance of joint hydrostatic pressure. It is a 
fibrocartilaginous structure with a dense connective tissue 
capsular component that is inferiorly contiguous with the 
transverse acetabular ligament [1]. Vascular supply is via 
superior and inferior gluteal and obturator arteries [10] and 
sensory innervation from branches of the nerve to the qua-
dratus femoris and the obturator nerve.

Fig. 38.4 AP pelvic radiograph demonstrating borderline hip dyspla-
sia with under-coverage of the femoral heads bilaterally. Lateral center- 
edge angle (LCEA, normal >25 degrees) is measured by the angle 
between a vertical line and a line extending to the lateral acetabular rim, 
both originating from the center of the femoral head
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Acetabular labral tears can occur in isolation or concur-
rently with other intra-articular hip pathology. Tears can be 
classified as traumatic, degenerative, dysplastic, or idio-
pathic [10]. Acute labral tears are less common and often 
occur in the setting of trauma, including during hip disloca-
tion or with sudden high-velocity twisting or pivoting 
motions. Chronic degenerative tears are much more common 
and occur in the setting of repetitive stress and chronic 

inflammatory change. The risk factors for the development 
of labral tears include FAI, capsular laxity/hypermobility, 
hip dysplasia, and joint degenerative disease [10]. Labral 
tears are more common in females, likely due to increased 
frequency of associated risk factors [11].

The most common location for labral tears is the antero-
superior chondrolabral junction, which corresponds to a 
region of relatively low vascularization and high innervation 
that is prone to repetitive injury with hip impingement [11]. 
Posterior tears can occur secondary to posterior hip disloca-
tion or dysplasia. Of note, labral tears have been demon-
strated to increase risk for joint degenerative change by at 
least two-fold with chondral damage occurring in the same 
zone as labral injury in over 90% of cases [10]. Thus, early 
diagnosis and appropriate management are key for optimiz-
ing long-term joint health.

38.2.4  Clinical Presentation

Acetabular labral tears typically present with vague anterior 
hip or groin pain, often described as dull with episodes of 
sharp pain. They are commonly seen in the active, young 
female population, though they occur in both sexes and all 
age groups. Distribution of pain is similar to that of FAI as 

b

c d

a

Fig. 38.5 Common hip rehabilitation exercises focused on core and 
gluteal strengthening: side plank (a, can be performed on flexed elbow 
as well to decrease force through the wrist), side-lying straight leg 

raises (b, hip in neutral to slight extension), clamshells (c), and gluteal 
bridges (d, may be performed on single leg)

Fig. 38.6 Ultrasound-guided intra-articular hip injection performed 
with patient in supine position with distal-to-proximal in-plane 
approach (asterisks indicate needle) targeting just superior to typical 
femoral head–neck junction given small osseous bump/irregularity at 
this level (A acetabulum, FH femoral head)
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discussed in this chapter. Pain is more often insidious in 
onset but may be secondary to a specific traumatic event. 
Aggravating factors are also similar to those in FAI, but with 
increased occurrence of night pain. Mechanical symptoms 
and antalgic gait are reported more frequently than with iso-
lated FAI.

38.2.5  Physical Examination

Physical exam components for labral tears is nearly identical 
to that of FAI with notable clinical differences in gait and 
ROM.

Gait evaluation Gait may more commonly be antalgic when 
compared to isolated FAI.  In an older population, antalgic 
gait often correlates with hip osteoarthritis.

Range of motion (ROM) Clicking or limitation in motion is 
more commonly elicited with passive and active ROM in the 
setting of labral tear compared to isolated FAI. Additionally, 
active hip flexion and passive extension may provoke pain 
given close proximity of the hip flexor tendons, specifically 
the iliopsoas tendon, to the anterosuperior capsulolabral 
complex, which is the most common location for labral 
tears.

38.2.6  Diagnostic Workup

X-ray Plain radiographs may demonstrate associated bony 
abnormalities including os acetabuli, cam or pincer lesions, 
hip dysplasia, or osteoarthritis.

Computer tomography CT is typically not needed except in 
the case of surgical planning or suspected fracture.

MRI MR arthrogram is the preferred imaging modality for 
diagnosis of labral pathology with increased sensitivity and 
specificity compared to MRI alone (Fig. 38.7). Labral tears 
may be partial thickness, full thickness (detached), or com-
plex. Adjacent chondral injury or paralabral cyst may be 
identified [8].

Musculoskeletal ultrasound Some labral tears and paral-
abral cysts can be visualized on ultrasound by an experi-
enced sonographer. However, MR is the preferred modality 
to diagnose and characterize labral tears.

Diagnostic intra-articular hip injection In cases where 
diagnosis remains ambiguous, a single ultrasound- or 
fluoroscopy- guided intra-articular hip injection with local 
anesthesia can be performed.

38.2.7  Treatment

38.2.7.1  Medical Management, Rehabilitation, 
and Procedures

Conservative treatment for labral tears is similar to that for 
FAI as previously detailed. Repeat intra-articular steroid 
and anesthetic injections are generally avoided, especially 
in the younger population without underlying joint degen-
erative change, given concern for potential cumulative 
chondrotoxicity. Orthobiologic injections can be consid-
ered, though they are lacking in high-quality supportive evi-
dence [1].

a b

Fig. 38.7 MR arthrogram of the hip demonstrating complex detached tear of the anterosuperior labrum (arrows) on sagittal (a) and oblique axial 
(b) T1-weighted imaging with fat suppression
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38.2.7.2  Surgery
In cases of symptomatic labral tears refractory to conserva-
tive treatment, surgical referral for consideration of arthros-
copy with debridement of labral repair should be made. 
Particularly in the absence of significant underlying joint 
degenerative change, surgical management has been demon-
strated to have good outcomes related to pain, functional 
improvement, and overall joint preservation. Concomitant 
bony FAI morphology or chondral injury is often addressed 
concurrently. See Chapter 42 for more details on hip 
surgeries.

38.3  Hip Dysplasia

38.3.1  Synonyms

• Developmental dysplasia of the hip (DDH)
• Acetabular dysplasia
• Congenital dysplasia of the hip

38.3.2  ICD 10 Code

Q65.89

38.3.3  Description

Anatomy The acetabulum is the concave socket of the hip 
joint formed by the coalescence of the pubic, ilium, and 
ischium bones with ossification occurring at 14–16  years. 
The acetabulum is oriented to face anteriorly and caudally. 
The superior dome is the weight-bearing portion of the ace-
tabulum. In a normal hip, the labrum supports 1–2% of the 
loading force. In a dysplastic hip, the labrum bears up to 
4–11% of this total load [12]. Labral or acetabular hypertro-
phy may occur as a physiologic attempt to increase femoral 
head coverage in dysplastic hips [13].

Hip dysplasia is a condition in which structural acetabular 
osseous deficits, or a shallow socket, lead to under-coverage 
of the femoral head (Fig. 38.4), resulting in reduced inherent 
joint stability [14]. Developmental dysplasia of the hip is a 
congenital condition that persists into adulthood in 40% of 
cases [11]. Hip dysplasia can occur in isolation or with con-
current pathology related to repetitive microtrauma/overload 
of the surrounding soft tissue structures, including labral 
tears; capsular injury; tendinopathies affecting hip flexor ten-
dons, gluteal tendons, and the iliotibial band; and early 
osteoarthritis [14].

38.3.4  Clinical Presentation

Hip dysplasia typically presents as atraumatic, insidious onset 
of groin or lateral hip pain. It is commonly diagnosed in the 
young, skeletally mature, active adult. It is more common in 
females, and symptoms are often present for months to years 
prior to diagnosis. Pain is described as deep and aching, also 
commonly with the presence of the “C” sign (Fig.  38.2). 
Aggravating factors include prolonged sitting, weight-bear-
ing, and activities involving hip flexion, external rotation, and 
rotational movement, particularly under load [14]. Given fre-
quent association with labral pathology and osteoarthritis, 
mechanical symptoms may be described, and sensation of 
instability or subjective weakness is not uncommon [12].

38.3.5  Physical Examination

Hip dysplasia can be difficult to differentiate from labral 
injury or FAI by physical exam alone given overlapping con-
stellations of findings and their frequent concurrent presenta-
tion [14]. Thus, physical examination should include all of 
the previously discussed components related to FAI and 
labral pathology with the following notable clinical 
differences.

Gait evaluation Gait may more commonly be antalgic com-
pared to FAI occurring in nearly 50% of cases [14]. 
Additionally, the patient may describe apprehension with 
end-range hip extension during terminal stance phase related 
to loading of the edge of the femoral head on the acetabular 
rim. Trendelenburg gait may be present due to chronically 
weak hip abductors.

Range of motion (ROM) Active and passive ROM are often 
increased in the setting of hip dysplasia due to decreased 
joint stability and are often accompanied by pain at end 
range and other findings related to concomitant joint disease 
as previously discussed. Increased femoral anteversion asso-
ciated with hip dysplasia may result in a pattern of increased 
internal rotation and decreased external rotation [14], which 
is typically in contrast to FAI, labral pathology, and hip 
osteoarthritis.

Beighton score Testing for generalized hypermobility may 
be accomplished with the use of the Beighton score 
(Table 38.2). A score of 4 or greater out of 9 suggests joint 
laxity, which is important to consider during treatment and 
rehabilitation and may prompt further specialty referral for 
evaluation of underlying connective tissue disease in certain 
clinical contexts.
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38.3.6  Diagnostic Workup

X-ray Weight-bearing AP pelvic and lateral hip radiographs 
are often diagnostic for hip dysplasia in the correct clinical 
setting. LCEA less than 25 degrees on AP pelvic radiographs 
suggests hip dysplasia [8, 14] (Fig. 38.4). There are a variety 
of other imaging measurements to characterize dysplasia on 
radiographs, CT, and MRI. As previously discussed, radio-
graphs may also demonstrate associated bony abnormalities 
including os acetabuli, cam or pincer lesions, or 
osteoarthritis.

CT CT represents the best imaging modality to assess ace-
tabular coverage and version, though it is typically only 
required for surgical planning.

MRI MRI with or without arthrography is useful in evaluat-
ing for concurrent soft tissue pathology that is common in 
hip dysplasia, including chondral, labral, capsular, or tendon 
disorders.

Diagnostic intra-articular hip injection A single image- 
guided intra-articular hip injection with local anesthesia can 
be performed if diagnosis and symptomatology are unclear 
and may be particularly helpful in the setting of comorbid 
spine disease.

38.3.7  Treatments

38.3.7.1  Medical Management, Rehabilitation, 
and Procedures

In general, it is similar to FAI and labral tears with addition 
of focused core and gluteal strengthening programs. 
Overstretching and strengthening through supra-physiologic 
ranges of motion should be avoided, particularly in the case 
of generalized hypermobility. Intra-articular corticosteroid 
injection therapy may be therapeutic in milder cases of dys-
plasia but is unlikely to be beneficial in more advanced cases.

38.3.7.2  Surgery
Surgical consultation should be considered early in the man-
agement of hip dysplasia, especially in young patients (less 
than 40  years old) without significant joint degenerative 
change. These patients may be candidates for hip preserva-
tion surgery with periacetabular osteotomy (PAO) even in the 
case of only mild symptoms refractory to conservative care 
in an effort to avoid or delay the need for early total hip 
arthroplasty, which is more frequent in those with hip dys-
plasia compared to FAI or normal hips due to earlier degen-
erative change [13, 14]. See Chapter 42 for more details on 
hip surgeries.

38.4  Iliopsoas Tendon Dysfunction 
and Related Disorders

38.4.1  Synonyms

• Anterior/internal snapping hip
• Anterior/internal coxa saltans
• Iliopsoas impingement
• Iliopsoas tendinopathy
• Iliopsoas bursopathy

38.4.2  ICD 10 Code

M76.1

38.4.3  Description

Anatomy The iliopsoas muscle is a dynamic hip flexor and 
stabilizer composed of three muscles: the psoas major, 
minor, and iliacus. The psoas major and minor originate 
from T12-L5 vertebral bodies, transverse processes, and 
intervertebral discs, while the iliacus originates from the 
anterior iliac crest and fossa and sacral ala [15]. Innervation 
is by the ventral rami of L1-L3 for the psoas and the femoral 
nerve for the iliacus. The muscles converge at the L5-S2 ver-
tebral level, forming the iliopsoas muscle–tendon unit. The 
iliopsoas tendon travels just anterior to the anterosuperior 
capsulolabral complex and inserts onto the lesser trochanter. 
The iliopsoas bursa lies deep to the tendon, superficial to the 
iliopectineal eminence, and may communicate with the hip 
joint in up to 15% of patients [15].

Iliopsoas tendon dysfunction is a common cause for ante-
rior hip pain and may result in variable pathophysiology, 
including internal snapping hip, iliopsoas impingement, tendi-
nopathy, and/or bursopathy. Iliopsoas tendon dysfunction may 

Table 38.2 Components of the Beighton score for assessing general-
ized joint hypermobility

Passive extension of the fifth metacarpal-phalangeal 
joint beyond 90 degrees

1 point for 
each side

Passive thumb apposition to the forearm 1 point for 
each side

Passive hyperextension of the elbow beyond 10 
degrees

1 point for 
each side

Passive hyperextension of the knees beyond 10 
degrees

1 point for 
each side

Active trunk forward flexion with palms able to rest 
flat on the floor

1 point

TOTAL 9
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occur primarily or secondarily as a result of compensatory 
overuse in the setting of intra-articular hip pathology. As these 
disorders frequently occur concomitantly, clinical evaluation 
and treatment recommendations are similar. The risk factors 
may include tight hip flexors, weak core and posterior chain, 
anterior pelvic tilt, and joint hypermobility, among others.

38.4.3.1  Internal Snapping Hip, or Internal 
Coxa Saltans

It refers to snapping of the iliopsoas tendon during dynamic 
movement, most frequently from flexion, abduction, and 
external rotation back into a neutral position. Internal snap-
ping hip may not be symptomatic and is more commonly 
painful in an athletic population, especially females, com-
pared to the general population [11, 15]. Dynamic ultrasound 
has demonstrated that internal snapping hip results from a 
rotatory movement of the tendon within the muscle belly 
before snapping back into place again the superior pubic 
ramus [16] rather than translation over the iliopectineal emi-
nence as often purported. Persistent snapping can lead to 
iliopsoas tendinopathy or bursopathy, though occurrence is 
rare [11, 17].

38.4.3.2  Iliopsoas Impingement
This may occur with or without concurrent internal snapping 
hip. Given the anatomic proximity of the iliopsoas tendon to 
the anterosuperior labrum (Fig.  38.8), specifically in the 
region where most labral pathology occurs, a dysfunctional 

tendon may impinge upon the capsulolabral complex increas-
ing the risk for underlying labral injury.

38.4.4  Clinical Presentation

Iliopsoas tendon dysfunction most often presents with insidi-
ous onset anterior hip or groin pain. If present, the patient 
may be able to reproduce audible or palpable snapping, 
which may be painful or associated with a sensation of joint 
instability. Aggravating factors include active hip flexion, hip 
extension, weight-bearing or impact exercise, and transi-
tional movements [15]. Symptomatic internal snapping hip 
is most commonly seen in athletes, especially in sports with 
increased hip range of motion such as dance, soccer, and 
hockey [15].

38.4.5  Physical Examination

Previously described principles related to comprehensive 
hip, spine, pelvis/SI joint, and neurologic assessment should 
be applied during evaluation of iliopsoas tendon 
dysfunction.

Gait evaluation Gait is typically non-antalgic. Patients may 
describe pain during terminal stance and pre-swing phase on 
the affected side.

a b

Fig. 38.8 MR arthrogram of the right hip demonstrating the proximity of the hypointense iliopsoas tendon (arrow) and labrum (arrowhead) on 
axial T2-weighted (a) and sagittal T1-weighted (b) sequences with fat suppression. IP iliopsoas muscle
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Observation Inspection for risk factors associated with ilio-
psoas tendon dysfunction including anterior pelvic tilt should 
be completed. If the patient is able to reproduce snapping, 
provocative movement should be observed.

Palpation Palpatory exam often demonstrates tenderness 
directly over the iliopsoas tendon, which should be differen-
tiated from the nearby direct head of the rectus femoris, 
which lies just lateral. If present, palpation of snapping dur-
ing provocative movement should be completed.

Range of motion (ROM) Both passive and active ROM are 
often preserved in isolated iliopsoas tendon dysfunction, 
though index groin pain may be reproduced with active hip 
flexion and passive extension resulting in iliopsoas stretch. 
Limitation in ROM suggests intra-articular hip pathology. 
Passive reproduction of snapping is most commonly accom-
plished with movement of the hip from FABER position into 
neutral or into extension, adduction, and internal rotation 
[11, 15].

Motor testing, joint Testing Isolation of the iliopsoas from 
other hip flexors can be achieved with strength testing at 90 
degrees of hip flexion or greater. Resisted hip flexion can be 
tested in seated or supine position, both of which may repro-
duce pain in the setting of iliopsoas tendon dysfunction, 
though strength should be maintained [15, 17]. Concomitant 
intra-articular hip pathology may be present; thus, previously 
described special maneuvers should be conducted as well.

38.4.5.1  Special Maneuvers
Thomas test In supine position, the patient pulls bilateral 
knees to the chest wall into maximal hip and knee flexion. 
The patient then releases one leg, extending it back toward 
the table. A positive test occurs when the patient is unable to 
extend the hip to neutral or if lumbar lordosis occurs, indicat-
ing a tight or shortened iliopsoas.

Active iliopsoas snapping test Similar to previously 
described passive ROM maneuver to reproduce snapping, in 
this case, the patient actively moves from FABER position to 
neutral while the examiner palpates the iliopsoas tendon. An 
audible or palpable snap typically occurs between 30 and 45 
degrees of hip flexion [15].

38.4.6  Diagnostic Workup

X-ray AP pelvic and lateral hip radiographs are typically 
normal as with other soft tissue pathology, though they are 
useful to evaluate for concurrent bony abnormalities.

MRI MRI may demonstrate iliopsoas tendinopathy or bur-
sopathy, though these findings are rare. Iliopsoas bursopathy 
may appear as a hyperintense fluid collection posteromedial 
to the myotendinous unit on T2-weighted sequences [17]. 
MRI or MR arthrography may also evaluate for common 
concurrent intra-articular pathology, including underlying 
labral tear.

Musculoskeletal ultrasound Ultrasound may demonstrate 
asymmetric tendon thickening or heterogeneity consistent 
with tendinopathy and bursitis, though again this is a rare 
finding. Dynamic testing for visualization of the snapping 
iliopsoas tendon may be performed.

Diagnostic injection Under direct ultrasound visualization, 
injection of local anesthesia into the iliopsoas tendon sheath 
can be performed for diagnostic purposes. This may be par-
ticularly useful in the setting of concomitant intra-articular 
hip pathology.

38.4.7  Treatments

38.4.7.1  Medical Management
Conservative treatment for iliopsoas tendon dysfunction is 
similar to that of aforementioned diagnoses in this chapter 
given frequent concurrent nature. Patient education, activity 
modification, ice, and nonsteroidal anti-inflammatory drugs 
(NSAIDs) can be utilized. Reassurance and education should 
be provided in the case of non-painful internal snapping hip.

38.4.7.2  Rehabilitation
Physical therapy should focus on stretching/lengthening of 
the iliopsoas and hip flexors, core and gluteal strengthening, 
and postural optimization to correct lumbar hyperlordosis 
and anterior pelvic tilt.

38.4.7.3  Procedures
Trigger point injections (TPIs) Targeting the iliopsoas mus-
culature and other hip flexor musculature with TPI can be 
utilized to address myofascial pain limiting rehabilitation 
efforts. Often this is performed with ultrasound guidance 
given nearby neurovascular structures.

Corticosteroid injection Under direct ultrasound or fluoro-
scopic visualization, injection of corticosteroid into the ilio-
psoas tendon sheath can be performed. If bursopathy is 
present, this can also be targeted, keeping in mind that the 
bursa communicates with the hip joint in 15% of people [15]. 
Symptomatic relief may allow for enhanced participation in 
physical therapy.
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38.4.7.4  Surgery
In the vast majority of cases, iliopsoas tendon dysfunction is 
managed successfully with non-operative care. For refrac-
tory cases, arthroscopic iliopsoas tendon release may be con-
sidered, along with additional surgical management of 
concurrent intra-articular hip pathology [15]. Failure to rec-
ognize iliopsoas tendon dysfunction and impingement prior 
to hip arthroscopy for other primary indications may result in 
poorer outcomes with nearly a third of patients undergoing 
revision arthroscopy found to have symptoms of iliopsoas 
impingement [18]. See Chapter 42 for more details on hip 
surgeries.
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Posterior Hip Disorders

Stephanie DeLuca, Haylee Borgstrom, 
and Kelly C. McInnis

39.1  Proximal Hamstring Tendinopathy/ Tear

39.1.1  Synonyms

• Hamstring tendonitis
• Hamstring tendinosis
• High hamstring tendinopathy

39.1.2  ICD-10 Codes

M76.899, S76.311, S76.309

39.1.3  Description

Anatomy The hamstring myotendinous unit is frequently 
injured due to a bi-articular anatomic course across the hip and 
knee joints and the composition of mostly type II fast- twitch 
fibers. The proximal hamstring consists of two tendons, the 
semimembranosus and conjoint tendon (formed by the long 
head of the biceps femoris and semitendinosus). The proximal 
hamstring muscles originate on the lateral ischial tuberosity 
(IT) with the semimembranosus tendon origin lateral and ante-
rior to the conjoint tendon. The sciatic nerve traverses in close 
proximity, 1–1.4 cm lateral to this origin [5]. In proximal ham-
string tendinopathy, the semimembranosus tendon is most 

affected [4]. The paucity of blood flow at the enthesis is respon-
sible for morbidity and delayed healing in many cases [6].

Proximal hamstring tendinopathy (PHT) is a chronic 
overuse injury due to repetitive microtrauma from mechani-
cal overload and repetitive stretch on the hamstring origin at 
the ischial tuberosity (IT), with resultant tendon thickening, 
disorganization, and degeneration. It is commonly associ-
ated with enthesopathy or degenerative tears. While the onset 
of proximal hamstring tendinopathy is typically gradual and 
occurs without a traumatic event, it can be stressed acutely 
during eccentric contraction with the hip flexed and knee 
extended or an extreme stretch of the hamstring muscle–ten-
don unit [1]. There is maximum tension of the hamstring ten-
don origin at the ischial tuberosity during the terminal swing 
and early stance phases of the running cycle [2].

Potential risk factors for proximal hamstring tendinopa-
thy include impact exercise overuse, muscular imbalance 
(particularly weakness at the hamstring and core), and lum-
bopelvic instability [3, 4]. Proximal hamstring tendinopathy 
most commonly affects runners, including sprinters, mid- 
distance, and long-distance runners, and athletes who par-
ticipate in running sports with frequent directional changes.

Proximal hamstring tendon rupture/avulsion should be 
distinguished from proximal hamstring tendinopathy as 
acute tears that occur after forceful eccentric contraction of 
the hamstrings with sudden hip flexion and concurrent knee 
extension. Such injuries occur most frequently in high- 
ballistic sports such as weightlifting, water skiing, and gym-
nastics. Athletes may recall a pop or sensation of tearing with 
immediate onset of pain [3].

39.1.4  Clinical Presentation

Contrary to hamstring strain, proximal hamstring tendinopa-
thy classically presents with a more insidious onset. Patients 
typically report gradually progressive pain at the deep but-
tock near the ischial tuberosity with occasional radiation of 
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pain to the posterior thigh. Symptoms may heighten with 
static stretching in end range of hip flexion. Sciatic neuralgia 
can be present in some cases. Sitting intolerance is often 
present and can be quite limiting. Provocative factors include 
running, particularly uphill as the proximal hamstring is sub-
jected to higher energy storage, repetitive eccentric ham-
string contraction, acceleration, forward trunk flexion, deep 
hip flexion, and direct pressure to the ischial tuberosity [4].

39.1.5  Physical Examination

Full musculoskeletal (MSK) examination of the lumbar 
spine and hip is needed to differentiate proximal hamstring 
tendinopathy from other causes of posterior hip pain 
(Table 39.1). Lower extremity neurologic assessment is indi-
cated to rule out a neurologic component. Depending on 
findings, the examination may need to expand to assess for 
other potential sources of pain.

Gait Gait is typically unaffected in proximal hamstring ten-
dinopathy. Assessment is useful to rule out other potential 
diagnoses. In the case of acute avulsion, patients usually 
have difficulty bearing weight.

Visual observation It is important to inspect the affected 
area and the bulk and tone of the hamstring muscles. In acute 
rupture, ecchymosis may be seen at the posterior thigh.

Palpation Direct palpation of the ischial tuberosity, gluteal 
muscles (including the piriformis), and hamstring muscle 
belly should be performed assessing for pain provocation. 
There may be focal tenderness at the ischial tuberosity. Taut 
bands and trigger points are commonly identified in the piri-
formis and hamstring muscles. In avulsion injuries, a palpa-
ble deformity may be appreciated on passive knee flexion in 
the prone position.

Range of motion (ROM) Hip and lumbar spine ROM should 
be examined in all planes. ROM is preserved in proximal 
hamstring tendinopathy. Normal measurements for hip and 
lumbar spine ROM are discussed in the anterior hip chapter 
and spine disorders section.

Sensory testing Light touch should be tested in bilateral 
lower extremities throughout the L1-S1 dermatomes. 
Sensory deficit warrants further investigation, as this is not 
expected in proximal hamstring tendinopathy.

Deep tendon reflexes The following lower extremity reflexes 
should be tested bilaterally to assess for radiculopathy: patel-
lar tendon (L2-L4, L4 primary), Achilles tendon (S1), and 
hamstring tendon (L5). Reflexes should be normal and sym-
metric in proximal hamstring tendinopathy.

Motor testing It is important to test L2-S2 myotomes, spe-
cifically hip flexion (L2/L3), knee extension (L2/L3/L4), 
ankle dorsiflexion (L4/L5), great toe extension (L5), ankle 
planar flexion (S1/S2), knee flexion (S1/S2), and gluteus 
medius strength (L4/L5/S1), to exclude other pathology. In 
the prone position, resisted knee flexion should be tested at 
30 degrees and 90 degrees while looking for pain provoca-
tion. Resisted hip extension can elicit pain. In the case of an 
avulsion injury, weakness can be seen with resisted hip 
extension and knee flexion.

Joint testing Careful assessment of the hip joint with special 
provocative tests is important to differentiate proximal ham-
string tendinopathy from intra-articular hip sources of poste-
rior hip pain. It is also important to assess the lumbar facet 
and sacroiliac joints. Specifics of such testing are highlighted 
in the spine disorders section and anterior hip disorders 
chapter.

39.1.5.1  Special Maneuvers
Several provocative maneuvers have been shown to have 
high validity and reliability for proximal hamstring tendi-
nopathy [2, 4]. These are not indicated for acute proximal 
hamstring ruptures.

• Puranen-Orava test: The patient’s foot rests on an ele-
vated support about 90 degrees to their body with the hip 
flexed and knee extended while they reach with their ipsi-
lateral arm toward the foot to stretch the hamstring. 
Provocation of pain is associated with proximal hamstring 
tendinopathy.

• Bent-knee test/modified bent-knee stretch test: With the 
patient supine, the examiner puts the affected side into 
maximum hip and knee flexion and then slowly passively 

Table 39.1 Differential diagnosis of posterior hip pain

Hamstring strain L5-S1 radiculopathy, lumbar facet pain 
lumbar plexopathy, lumbar stenosis

Proximal hamstring 
tendinopathy

Sacroiliac joint dysfunction, sacroiliitis

Ischiofemoral 
impingement

Pelvic floor dysfunction

Ischial bursitis Sacrotuberous ligament pain
Intra-articular hip 
pathology

Gluteal tendinopathy

Adductor magnus 
enthesopathy

Piriformis myofascial pain

Obturator internus 
dysfunction

Pudendal neuralgia or posterior femoral 
cutaneous neuralgia

S. DeLuca et al.



373

extends the knee. The modified bent-knee stretch test is 
similar, but with rapid passive knee extension instead 
(Fig. 39.1). In both tests, knee extension commonly elicits 
pain at the proximal hamstring.

• Single-leg deadlift: With knee slightly flexed, the patient 
stands on the affected leg while gradually bending for-
ward at the hip, lifting the contralateral hip into extension 
to load the affected hamstring. This provokes pain.

• Supine plank: During this loading maneuver, the patient is 
supine with heels and elbows resting on the table. The 
patient rises up on their elbows while keeping their knees 
in extension and raising the unaffected leg while keeping 
the injured side on the table to elevate the pelvis 
(Fig. 39.2). A positive test reproduces the patient’s index 
pain. Examiners may need to modify this test depending 
on the patient’s ability to perform the maneuver. For 
instance, the examiner can hold the heel of the unaffected 
side off the table while the patient extends the hip on the 

affected side and elevates the pelvis. A single-leg bridge 
can also substitute; however, it is important to keep in 
mind that this places reduced load on the hamstring.

• Nordic hamstring exercise: The patient kneels on a flat 
surface with their knees flexed at 90 degrees while the 
examiner holds their heels. While maintaining a straight 
spine, the patient gradually leans forward in a controlled 

a b

c d

Fig. 39.1 Modified bent-knee stretch test performed stepwise fashion progressing from a through d

Fig. 39.2 Supine plank with single leg raise
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fashion until they have to put their hands out to catch 
themselves (Fig.  39.3). The patient then performs a 
 hamstring curl to return to the starting position. In cases 
of proximal hamstring tendinopathy, the eccentric load on 
the hamstring provokes pain.

39.1.6  Diagnostic Workup

For most cases, proximal hamstring tendinopathy is a clini-
cal diagnosis. When the diagnosis is unclear, magnetic reso-
nance imaging (MRI) and musculoskeletal ultrasound are 
the preferred imaging studies as they not only identify tendi-
nosis but also characterize the severity of the injury.

X-ray Plain radiographs of the hips and pelvis are typically 
inconclusive. In chronic cases, they can identify enthesopa-
thy or intra-tendinous calcifications at the ischial tuberosity.

MRI MRI has a higher sensitivity than musculoskeletal ultra-
sound. MRI findings of proximal hamstring tendinopathy may 
include bone edema at the ischial tuberosity, tendon thicken-
ing, intra-substance heterogeneity of the tendon, and tendi-
nous/peritendinous edema with a distal feathery appearance 
(Fig. 39.4). Partial- and full-thickness tears can be identified 
and characterized. The degree of retraction can be important 
for surgical decision-making in the case of acute rupture.

Musculoskeletal ultrasound Ultrasound evaluation for proxi-
mal hamstring tendinopathy commonly demonstrates tendon 
thickening and degenerative changes along with peritendi-
nous fluid at the site of the proximal hamstring. There may be 
cortical irregularity at the ischial tuberosity attachment site.

39.1.7  Treatment

Proximal hamstring tendinopathy can be challenging to 
manage. In most cases, nonoperative management can suc-
cessfully return patients to activity within 3–6 months.

39.1.7.1  Medical Management
Pain control can be achieved with topical or oral anti- 
inflammatories such as nonsteroidal anti-inflammatory drugs 
(NSAIDs). If the patient is unable to tolerate NSAIDs, they 
may take acetaminophen for analgesia. In the acute phase of 
proximal hamstring tendinopathy, ice may be beneficial.

39.1.7.2  Rehabilitation
Postural modifications include seat cushions to offload com-
pression at the tendon attachment site. Standing workstations 
are often helpful. Patients should avoid impact exercise and 
focus on non-impact activities as tolerated, such as cycling in 
the standing position, elliptical, and swimming. Soft tissue 
mobilization to the proximal hamstring may also be benefi-
cial. Early engagement in physical therapy should focus on 
core and lumbosacral stabilization with activation of the glu-
teal musculature. As in other lower extremity enthesopathies, 
stretching of the hamstrings is not recommended for proxi-
mal hamstring tendinopathy; however, patients should focus 
on stretching the piriformis and hip flexors to optimize pel-
vic position and encourage posterior pelvic tilt. Guided by 
the patient’s pain, a progressive hamstring strengthening 
protocol should be implemented with gradual progression 
from isometric to isotonic exercises. Once the tendon is less 
reactive, eccentric exercises should be incorporated and 
advanced as tolerated.

39.1.7.3  Procedures
For refractory cases, more invasive procedures can be tried.

Fig. 39.3 Nordic hamstring exercise

Fig. 39.4 MRI hip demonstrating proximal hamstring tendinopathy 
with increased signal intensity at the semimembranosus tendon (red 
arrow) near the ischial tuberosity (green star) on axial proton density fat 
suppression sequence
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Trigger point injections If myofascial pain limits rehabilita-
tion progress, trigger point injections can target the proximal 
hamstring or gluteal musculature.

Ultrasound-guided percutaneous needle tenotomy with or 
without platelet-rich plasma (PRP) In an attempt to incite a 
proinflammatory response and promote tendon healing, an 
ultrasound-guided percutaneous needle tenotomy can be per-
formed with or without PRP [7].

Extracorporeal shockwave therapy (ESWT) An alternative 
and effective treatment is ESWT. While treatment protocols 
vary, the following has been successfully utilized in a popu-
lation of professional athletes—weekly radial shockwave 
sessions with 2500–3000 impulses per session at pressure of 
4 bars and frequency of 10 shocks/second (0.18  mJ/mm2 
energy flux density) for 3–4 weeks [1]. Combined therapy 
consisting of radial and focused shockwave can also be 
considered.

Ultrasound-guided corticosteroid injection If patients 
are unable to fully participate in a progressive loading 
program, a one-time ultrasound-guided corticosteroid 
injection to the proximal hamstring complex tendon 
sheath can be performed, provided there is no evidence of 
a partial tear. More than one peritendinous corticosteroid 
injection is not recommended given potential for tenotox-
icity [8].

39.1.7.4  Surgery
Operative management is reserved for recalcitrant cases or 
in patients where proximal hamstring tendinopathy pro-
gresses to high-grade partial- or full-thickness tear. In con-
trast, for acute proximal hamstring tendon injuries, surgical 
referral is indicated for complete avulsion or two-tendon 
injuries with >2  cm tendon retraction [2]. Early surgical 
repair leads to more favorable outcomes. Surgical interven-
tions may consist of open tendon debridement and primary 
tendon repair. See Chap. 42 for more details on hip 
surgeries.

39.2  Ischial Bursitis

39.2.1  Synonyms

• Ischial bursopathy
• Ischiogluteal bursitis

39.2.2  ICD-10 Codes

M70.70

39.2.3  Description

Anatomy The ischial bursa is an adventitial bursa that lies 
between the proximal hamstring tendon origin at the ischial 
tuberosity and the overlying gluteus maximus muscle, in 
close proximity to the sciatic nerve, posterior femoral cuta-
neous nerve, and pelvic vasculature. As an adventitial bursa, 
it is not formed during normal embryologic development but 
develops in response to friction and pressure between the 
ischial tuberosity and overlying soft tissue. Chronic irritation 
results in an inflammatory response with increased vascular 
permeability and vasodilation at the bursa [10].

The bursa is rather dynamic in that load exposure changes 
depending on the patient’s position. In the standing position, 
the gluteus maximus muscle covers the bursa. In the seated 
position, the gluteus maximus moves superiorly leaving only 
the subcutaneous tissue to protect the ischial bursa and 
heightening the risk for irritation.

Ischial bursitis is an infrequent cause of posterior hip pain. 
It is most commonly a noninfectious inflammatory process 
due to chronic, direct bursal irritation in the setting of pro-
longed sitting. It can also be reactive to chronic loading of the 
proximal hamstring and systemic inflammatory diseases such 
as rheumatoid arthritis and crystal arthropathy. Acute ischial 
bursitis is rare and classically occurs in the setting of trauma. 
Ischial bursitis most commonly affects individuals with sed-
entary lifestyles. Interestingly, it was previously referred to as 
“weaver’s” or “tailor’s bottom,” as such professions put a 
great amount of pressure on the ischial bursa resulting in irri-
tation and inflammation [9]. Ischial bursitis may also affect 
cyclists due to repetitive irritation on the saddle. Due to 
reduced subcutaneous tissue in patients with cachexia or 
severe weight loss, the ischial bursa may be under increased 
pressure, raising the risk for ischial bursitis [10].

39.2.4  Clinical Presentation

Patients with ischial bursitis classically present with insidi-
ous onset of dull, aching pain localized to the inferior gluteal 
region with or without radiation down the posterior leg. 
Provocative maneuvers include prolonged sitting and 
increased hip flexion commonly seen in cycling, rowing, 
horseback riding, sprinting, and running uphill [9]. Sleep 
may be interrupted due to pain.

39.2.5  Physical Examination

In many ways, physical examination of a patient with sus-
pected ischial bursitis is similar to proximal hamstring 
tendinopathy.

39 Posterior Hip Disorders



376

Gait In the case of ischial bursitis, gait is rarely altered.

Visual observation Overlying erythema is a rare finding in 
ischial bursitis. This finding warrants further investigation 
for an infectious process.

Palpation Direct palpation of the ischial tuberosity will gen-
erally reproduce index pain in ischial bursitis. If swelling or 
a mass is detected, further studies should be initiated to rule 
out malignancy, abscess, and hematoma [9]. Clinicians 
should also include palpation at the following landmarks: 
origin, muscle belly, and insertion points of the gluteal, piri-
formis, and hamstring muscles.

Range of motion Hip and lumbar spine ROM should be 
examined in all planes.

Sensory testing A complete lower extremity sensory exam 
should be performed as part of the neurologic assessment. 
Sensory deficits are not detected in isolated ischial bursitis.

Deep tendon reflexes The following lower extremity reflexes 
should be performed—patellar tendon (L2-L4, L4 primary), 
Achilles tendon (S1), and hamstring tendon (L5). Reflexes 
are preserved in ischial bursitis.

Motor testing Strength assessment of the L2-S1 myotomes 
should be performed.

Joint testing Careful examination of the hip joint, sacroiliac 
joint, and lumbar facets is important to differentiate ischial 
bursitis from other causes of posterior hip pain.

Special Maneuvers
There are no specific physical examination maneuvers for 
ischial bursitis. It is important to perform the special maneu-
vers for proximal hamstring tear (discussed above) to differ-
entiate ischial bursitis from proximal hamstring tendinopathy. 
These maneuvers are less likely to produce pain in isolated 
ischial bursitis.

39.2.6  Diagnostic Workup

X-ray Plain radiographs of the pelvis are generally normal in 
ischial bursitis. Occasionally, there may be nonspecific findings 
of cortical irregularity or calcifications at the ischial tuberosity.

MRI MRI of the hip or pelvis is the gold standard imaging 
study for cases of ischial bursitis associated with a palpable 
mass in order to rule out malignancy, abscess, cyst, or hema-
toma. Ischial bursitis presents similarly to other forms of 
bursitis on MRI with high signal intensity and bursal disten-
tion on fluid-sensitive sequences. Unique to ischial bursitis is 
the cystic appearance of the bursa, with frequent internal 
hemorrhage due to shearing, irritative forces placed on the 
ischial tuberosity (Fig. 39.5) [9]. Ischial bursitis can be dif-

a b

Fig. 39.5 MRI hip demonstrating ischial bursitis with high signal intensity and distention of the ischial bursa (outlined in red) in relation to the 
ischium (green star) on coronal (a) and axial (b) STIR sequences
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ferentiated from neoplasm based on bursal contents. The 
bursa in ischial bursitis contains only fluid with soft tissue 
components confined to the bursal wall. On the contrary, 
neoplasms are predominantly composed of solid tissue [11].

Musculoskeletal ultrasound Point-of-care ultrasound can be 
useful for real-time evaluation of the compressible and cystic 
nature of the ischial bursitis [11].

Diagnostic ultrasound-guided local anesthetic injection In 
cases where the diagnosis is unclear, a diagnostic ultrasound- 
guided intra-bursal anesthetic injection can be helpful [12].

39.2.7  Treatment

39.2.7.1  Medical Management
Ischial bursitis is typically managed conservatively with a 
course of either topical or oral anti-inflammatories and cold 
compresses.

39.2.7.2  Rehabilitation
The rehabilitation course for ischial bursitis is very similar to 
proximal hamstring tendinopathy. Activity modifications 
include avoidance of impact exercise and provocative posi-
tions such as prolonged sitting. Patients are encouraged to 
resume non-impact exercises as tolerated for cardiovascular 
fitness. Soft tissue mobilization to the proximal hamstrings 
and gluteal muscles may alleviate reactive myofascial pain. 
Stretching of the piriformis, gluteal muscles, and hamstrings 
is recommended as well as core and lumbosacral stabiliza-
tion with implementation of a progressive gluteal and ham-
string strengthening protocol.

39.2.7.3  Procedures

Ultrasound-guided corticosteroid injection For refractory 
cases, ultrasound-guided procedures may be helpful for ther-
apeutic purposes. Ultrasound-guided corticosteroid injection 
to the ischial bursa can be performed with the patient lying in 
the lateral decubitus position with their hips flexed to 90 
degrees to increase the distance between the ischial bursa 
and sciatic nerve [12].

39.2.7.4  Surgery
Surgery is generally not indicated for this diagnosis. In cases 
of refractory symptoms affecting quality of life, ischial bur-
sectomy has been described.

39.3  Ischiofemoral Impingement

39.3.1  Synonyms

• Quadratus femoris (QF) impingement
• Extra-articular hip impingement

39.3.2  ICD-10 Codes

M25.859, M24.859

39.3.3  Description

Anatomy It is important to note the boundaries of the 
ischiofemoral space (IFS) and quadratus femoris space 
(QFS). As mentioned, the ischiofemoral space is the dis-
tance between the ischium and lesser trochanter. The qua-
dratus femoris space is the area between the superolateral 
aspect of the hamstring tendons and the posteromedial 
aspect of the iliopsoas tendon; the functional space for the 
quadratus femoris muscle originates from the anterior 
ischial tuberosity and inserts on the posteromedial proximal 
femur. The primary function of the quadratus femoris is hip 
adduction and external rotation. The sciatic nerve lies just 
superficial to the quadratus femoris within the ischiofemoral 
space.

Ischiofemoral impingement (IFI) is an extra-articular 
impingement of the soft tissues, namely, the quadratus femo-
ris (QF) muscle, between the lesser trochanter of the femur 
and the ischial tuberosity. There are several factors, includ-
ing congenital, positional, and acquired, which contribute to 
narrowing of the ischiofemoral space (IFS). Congenital fac-
tors consist of hip dysplasia and alignment abnormalities, 
specifically coxa valga. The ischiofemoral space is narrowed 
with hip extension, external rotation, and adduction [13]. 
Hip abductor weakness contributes to dynamic adduction 
and ischiofemoral space narrowing. Acquired anatomic 
changes, specifically hypertrophy of the superomedial aspect 
of the femur seen in hip osteoarthritis, total hip arthroplasty, 
lesser trochanter fractures/avulsions, proximal hamstring 
tendinopathy and enthesopathy, and regional osteochondro-
mas, may also contribute to ischiofemoral space narrowing 
and impingement [14].
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39.3.4  Clinical Presentation

Patients often present with insidious onset of deep gluteal 
and/or groin pain with occasional radiation down the poste-
rior leg due to the close proximity of the quadratus femoris 
muscle to the sciatic nerve. Pain may be exacerbated with 
weight-bearing activity and hip adduction, extension, and 
external rotation [13]. Mechanical impingement symptoms 
may occur during exaggerated hip extension as seen in run-
ning or long-stride walking [14]. Ischiofemoral impinge-
ment may affect individuals of any age but most commonly 
affects adult females [14]. This predilection may be attrib-
uted to the frequency of hip abduction weakness in women. 
Approximately 25–40% of cases have bilateral involve-
ment [14].

39.3.5  Physical Examination

Gait Patients may report pain and/or a snapping/locking 
sensation of the posterior hip region during the long-stride 
walking test, which has a sensitivity of 92% and specificity 
of 82% [14]. Patients may also demonstrate compensatory 
hip abduction to increase the ischiofemoral space.

Visual observation Inspection of the affected area should be 
normal.

Palpation Clinicians should palpate the ischial tuberosity, 
quadratus femoris, gluteal muscles, piriformis muscle, and 
hamstring muscle belly for tenderness. Typically, the palpa-
tory exam is normal in ischiofemoral impingement. In cases 
of concurrent proximal hamstring tendinopathy, there may 
be tenderness of the ischial tuberosity.

Range of motion It is important to assess ROM for the lum-
bar spine and hip joint. Patients with ischiofemoral impinge-
ment classically report pain in hip extension, adduction, and 
external rotation.

Sensory testing Due to similar pain patterns between ischio-
femoral impingement and lumbar radiculopathy, it is impor-
tant to perform a sensory examination including L1-S1 
dermatomes. Sensory deficits should not be present in ischio-
femoral impingement. Rare sciatic neuropathy has been 
described.

Deep tendon reflexes Reflexes should be normal and sym-
metric in ischiofemoral impingement.

Motor testing Lower extremity motor strength testing 
should be carried out for L2-S1 myotomes to rule out a neu-

rologic component. Strength should be preserved in ischiofe-
moral impingement with the rare exception of associated 
sciatic neuropathy, where hamstring and/or calf weakness 
may be seen.

Joint testing Assessment of the hip joint, lumbar facets, and 
sacroiliac joint should be performed to rule out other causes 
of posterior hip pain.

Special maneuvers Pain may be elicited with a combination 
of passive hip extension, adduction, and external rotation and 
generally alleviated with hip abduction as this widens the 
ischiofemoral space. This maneuver is occasionally referred 
to as the “ischiofemoral impingement test” and is performed 
in a lateral decubitus position. However, it is common to not 
find pain provocation on examination.

39.3.6  Diagnostic Workup

X-ray Plain radiographs of the pelvis and hip can assess 
intra-articular hip pathology. Plain radiographs are used to 
identify bony morphologic changes that may contribute to 
ischiofemoral impingement (discussed above).

MRI MRI of the hip/pelvis may demonstrate characteristic 
findings including ischiofemoral space and quadratus femo-
ris narrowing with adjacent quadratus femoris muscle edema, 
suggestive of acute or chronic inflammation due to impinge-
ment (Fig. 39.6). Proximal hamstring tendinopathy with ten-
don thickening contributing to ischiofemoral space narrowing 
may also be seen [15]. An ischiofemoral space of <15 mm is 
the radiographic criteria utilized for ischiofemoral impinge-
ment [14, 16, 17]. It may not correlate with 
symptomatology.

Musculoskeletal ultrasound Dynamic ultrasound evaluation 
can be useful to demonstrate soft tissue impingement between 
the ischial tuberosity and lesser trochanter during hip external 
rotation. While MRI is the gold standard, ultrasound can be 
considered to measure the ischiofemoral space in the hands of 
an advanced ultrasonographer. It is helpful to perform side-
by-side evaluations to determine if such impingement is a 
normal variant or the primary pain generator.

39.3.7  Treatment

39.3.7.1  Medical Management
NSAIDs or acetaminophen can be utilized for pain manage-
ment. Aggravating factors such as long-stride walking should 
be avoided.
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39.3.7.2  Rehabilitation
Patients should avoid movements that narrow the ischiofe-
moral space, including hip extension, adduction, and exter-
nal rotation. While it is recommended to restrict 
weight-bearing exercise, patients may continue with non- 
impact exercise. Manual therapy to the gluteal muscles, 
including the piriformis and quadratus femoris, can mitigate 
reactive myofascial pain. A progressive core and lumbopel-
vic stabilization program with an emphasis on strengthening 
the hip abductors and external rotators and optimizing hip 
biomechanics should be started once pain is controlled.

39.3.7.3  Procedures

Ultrasound-guided injection For refractory cases, more 
invasive ultrasound-guided procedures can be trialed for 
diagnostic and therapeutic purposes. For cases where the 
diagnosis is unclear or patients are unable to fully participate 
in a course of physical therapy due to pain, an ultrasound- 
guided trigger point injection targeting the quadratus femoris 
with local anesthesia alone or in combination with cortico-
steroid can be performed, with careful attention to avoid the 
sciatic nerve.

39.3.7.4  Surgery
Ischiofemoral impingement is treated almost entirely with 
conservative measures. Surgical referral is recommended 
only when pain is severe and persistent despite rehabilita-
tion and injection therapy and limits quality of life. The 
goal of surgical intervention for ischiofemoral impinge-
ment is to increase the ischiofemoral space through resec-

tion of the lesser trochanter [18, 19]. See Chap. 42 for more 
details on hip surgeries.

39.4  Piriformis Myofascial Pain

39.4.1  Synonyms

• Piriformis syndrome
• Deep gluteal syndrome
• Extra-spinal sciatica

39.4.2  ICD-10 Codes

G57.00

39.4.3  Description

Anatomy The piriformis muscle is pyramidal shaped and 
originates from the anterior aspect of the sacrum (S2-S4), 
courses through the greater sciatic notch, and inserts on 
the greater trochanter. The function of the piriformis mus-
cle varies with hip position. In hip extension, it functions 
as a hip external rotator; in hip flexion, it predominantly 
serves as a hip abductor. The anatomic relationship 
between the sciatic nerve and piriformis muscle is vari-
able. Traditionally, the sciatic nerve travels inferior to the 
piriformis muscle. Anatomic variants of the nerve course 
with relation to the piriformis muscle can further predis-
pose it to entrapment [22].

a b

Fig. 39.6 Plain AP pelvic radiograph demonstrating ischiofemoral 
space (black line) between the lesser trochanter (red arrow) and ischial 
tuberosity (green arrow) (a). Axial T2-weighted MRI hip with nar-
rowed ischiofemoral space (black line) with quadratus femoris muscle 

edema (blue star), which can be seen in ischiofemoral impingement (b). 
MRI is used to diagnose ischiofemoral impingement while radiograph 
is not
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Piriformis myofascial pain (PMP) is a common cause of 
posterior hip pain. It can be a source of extra-spinal sciatic 
neuralgia, referred to as “non-discogenic sciatica,” due to 
compression of the sciatic nerve under the spastic piriformis 
muscle [20]. Piriformis myofascial pain typically results 
from repetitive hip flexion, internal rotation, and adduction, 
which is theorized to cause cumulative microtrauma to the 
piriformis muscle leading to myofascial pain. Such biome-
chanics are seen in cyclists, dancers, gymnasts, and skiers 
[21]. Though the pathophysiology is largely unknown, it is 
theorized that gluteal weakness/fatigue leads to compensa-
tory piriformis overuse [20]. Piriformis myofascial pain may 
also present in the setting of acute traumatic fall or penetrat-
ing injury. Individuals with leg length discrepancy, pelvic 
obliquity, or scoliosis may demonstrate compensatory gait 
mechanics that heighten the risk for piriformis myofascial 
pain [21]. Additionally, piriformis myofascial pain may be 
more common in women due to biomechanics associated 
with a larger quadriceps angle (Q angle) [22]. Piriformis 
myofascial pain is frequently seen in association with spine 
(scoliosis) and hip joint pathology and proximal hamstring 
tendinopathy. The exact prevalence is unknown, due in part 
to variable diagnostic criteria.

39.4.4  Clinical Presentation

Piriformis myofascial pain typically presents with gradual 
onset of deep gluteal pain and may be associated with radiat-
ing pain down the posterior limb and paresthesias in the dis-
tribution of the sciatic nerve. Patients may describe pain 
provocation with sitting or maneuvers that strain the pirifor-
mis muscle such as hip flexion, internal rotation, and 
adduction.

39.4.5  Physical Examination

Gait Generally, gait is unaffected in piriformis myofascial 
pain; however, in cases attributed to a leg length discrepancy, 
there can be increased internal rotation or adduction [21].

Visual observation The affected area will appear normal in 
most cases of piriformis pain. Static and dynamic knee val-
gus should be noted as a greater degree of valgus angulation 
may be associated with piriformis pain.

Palpation Patient can be examined in side-lying or prone 
position. In most cases, pain is reproduced with deep palpa-
tion of the piriformis muscle, with one hand over the greater 
trochanter and the other hand on the sacral sulcus with the 
thumbs overlying over the piriformis muscle fibers (in par-

ticular with simultaneous dynamic hip internal external rota-
tion in prone examination). Taut bands and/or trigger points 
may be palpated along the gluteal and piriformis muscles 
(Fig. 39.7). While palpating this muscle, one should examine 
the distal sacroiliac joint, which is the closest axial structure 
to the piriformis muscle. It is important to palpate the contra-
lateral piriformis muscle as it may be normally tender and 
not necessarily pathologic.

Range of motion ROM is generally preserved in piriformis 
myofascial pain.

Sensory testing Lower extremity sensory examination of 
L4-S1 dermatomes should be performed to exclude more 
common lumbar spine pathologies as sensation is preserved 
in piriformis myofascial pain.

Deep tendon reflexes Reflexes are normal and symmetric in 
piriformis myofascial pain.

Motor testing Motor strength testing of bilateral lower 
extremities is carried out to exclude other causes of posterior 
hip pain.

Joint testing Assessment of the hip, sacroiliac joint, and 
lumbar facets is warranted.

39.4.5.1  Special Maneuvers
There are several special maneuvers that passively stretch 
the piriformis muscle and may reproduce symptoms:

Fig. 39.7 Side-lying palpatory examination of the piriformis muscle. 
The examiner’s left hand is on the greater trochanter, while the medial 
portion of the examiner’s right hand is on the sacral sulcus. The exam-
iner’s thumbs overlie the fibers of the piriformis muscle
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• Pace test or passive seated piriformis test: During this 
test, the patient is seated with hips flexed to 90 degrees 
followed by resisted hip abduction. Pain may be elicited. 
This test has a sensitivity of 0.53 and specificity of 0.90 
[22].

• Freiberg maneuver: This maneuver can reproduce symp-
toms as the hip is extended and then passively internally 
rotated to stretch the piriformis (sensitivity and specificity 
unknown).

• Beatty test: With the patient side-lying on the unaffected 
side, the affected hip is flexed to 90 degrees with resisted 
hip abduction (sensitivity and specificity unknown).

• FAIR test: The details of this maneuver are highlighted in 
the anterior hip chapter. In many instances of piriformis 
myofascial pain, pain in the gluteal region may be elicited 
with the FAIR test with a sensitivity of 0.88 and specific-
ity of 0.83 [22].

• Straight leg raise (Lasegue sign), seated slump: Such tests 
place neural tension along the sciatic nerve and com-
monly reproduce symptoms in patients with PMP. At 90 
degrees of hip flexion with the knee extended, the patient 
may report buttock and posterior thigh pain [22]. The 
straight leg raise has a sensitivity of 0.15 and a specificity 
of 0.95 [22].

39.4.6  Diagnostic Workup

Piriformis myofascial pain is a clinical diagnosis. Referred 
pain from the lumbar spine should be excluded. Imaging 
studies are obtained to rule out other causes of posterior hip 
pain.

X-ray Plain radiographs of the lumbar spine, pelvis, and hip 
are considered to look for other sources of pain.

MRI MRI of the lumbar spine may rule out sources of 
referred pain from the L5-S1 disc as S1 radiculopathy may 
have a gluteal pain component. MRI of the pelvis may dem-
onstrate anatomic variants associated with a predisposition 
for piriformis pain. Some studies have proposed that the piri-
formis muscle may appear enlarged in cases of piriformis 
myofascial pain, but this is not pathognomonic, and most 
MRI studies are unremarkable [21, 22]. MR neurography 
may have a role in this diagnosis, but availability may be 
limited.

MSK ultrasound Ultrasound evaluation of the sciatic 
nerve (with comparison to contralateral side) including 
cross- sectional area and sono-palpation of the piriformis 
muscle can be useful in making a diagnosis of piriformis 
myofascial pain and less-frequent coexisting sciatic 
neuralgia.

Diagnostic ultrasound-guided local anesthetic injection A 
diagnostic anesthetic injection can be considered to guide 
further management.

Electrodiagnostic testing (EMG/NCS) Electrodiagnostic test-
ing is done primarily to exclude lumbosacral radiculopathy. 
Interestingly, studies have demonstrated a prolonged H-reflex 
in some cases of piriformis myofascial pain with sciatic neu-
ralgia. However, electrodiagnostic sciatic neuropathy is gener-
ally not seen and studies are most often normal [22, 24].

39.4.7  Treatment

39.4.7.1  Medical Management
Pain control may be accomplished with NSAIDs and neuro-
pathic agents including gabapentin and pregabalin.

39.4.7.2  Rehabilitation
It is recommended to avoid aggravating positions including 
prolonged sitting and frequent hip flexion, internal rotation, 
and adduction. Non-impact exercise is encouraged. Manual 
treatment for myofascial pain includes osteopathic manipu-
lative treatment (OMT), proprioceptive neuromuscular facil-
itation (PNF), and soft tissue mobilization with deep tissue 
or self-massage of the piriformis and gluteal musculature. 
Dry needling of the piriformis and gluteal muscles can be 
utilized for pain management. Piriformis stretching can also 
be beneficial. Piriformis myofascial pain is often compensa-
tory to deficiencies in gluteal strength and core control; 
therefore, a strengthening protocol should focus on lumbosa-
cral and core stability with strengthening of the gluteal mus-
cles and hip, particularly the hip extensors and abductors.

39.4.7.3  Procedures

Piriformis muscle trigger point injections Palpation-guided 
trigger point injections to the gluteal and piriformis muscles 
with local anesthesia can provide a longer duration of relief 
compared to dry needling [23]. Such injections can facilitate 
rehabilitation. If done under ultrasound, twitch response may 
be visualized in either the gluteus maximums or piriformis 
muscle.

Ultrasound-guided corticosteroid injection A corticosteroid 
injection to the piriformis muscle and/or muscle sheath can 
be performed for diagnostic and therapeutic measures.

Botulinum toxin If there is reduction in pain from an 
ultrasound- guided diagnostic injection, a botulinum toxin 
injection to the piriformis muscle can be considered for 
refractory cases [22]. Cost and side effects usually prohibit 
this as a first-line treatment.
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39.4.7.4  Surgery
In very rare instances of chronic, recalcitrant pain, surgi-
cal release of the piriformis with decompression of the 
sciatic nerve can be considered. Diagnostic tools for piri-
formis syndrome remain obscure, and careful selection of 
patients for surgery is necessary to obtain good outcomes. 
Current surgical methods include open or endoscopic 
decompression of the sciatic nerve by release of the piri-
formis muscle [21, 24]. In a study of surgical resection of 
the piriformis muscle in 64 patients, it has obtained 82% 
initial and 76% long-term good or excellent outcomes 
[25].
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Lateral Hip Disorders

Sean Schowalter, Joanne Borg-Stein, 
and Haylee Borgstrom

40.1  Gluteal Tendinopathy and Bursopathy

40.1.1  Synonyms

Gluteal tendinopathy
• Gluteus medius tendinopathy
• Gluteus minimus tendinopathy
• Gluteal tendinitis
• Greater trochanteric enthesopathy
• Greater trochanteric pain syndrome
• Dead butt syndrome

Greater trochanteric bursopathy
• Trochanteric bursitis
• Subgluteus maximus bursitis
• Greater trochanteric pain syndrome (GTPS)

Calcific tendinitis of the hip
• Calcific gluteal tendinopathy

40.1.2  ICD-10 Codes

• Gluteal tendinopathy (M76.0–M76.02)
• Greater trochanteric bursopathy (M70.6–M70.62)
• Calcific tendinitis of the hip (M65.25–M65.252)

40.1.3  Description

Anatomy Gluteal tendinopathy or tendinosis (GT) most often 
occurs at the distal tendinous insertions onto the greater tro-
chanter, with the gluteus medius tendon affected much more 
frequently than the gluteus minimus tendon. The gluteus min-
imus tendon inserts at the anterior facet, while the gluteus 
medius tendon inserts at the lateral and posterosuperior facets 
of the greater trochanter (Figs. 40.1 and 40.2). Intra-substance 
degenerative tears, partial-thickness tears (typically on the 
undersurface of tendon), or full-thickness tears may occur 
[1]. The primary action of both muscles is hip abduction with 
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depicting the ITB (arrowheads), gluteus minimus tendon (open arrow), 
gluteus medius tendon (closed arrow), and anterior gluteus maximus 
fibers (asterisk). Respective bursae are not typically visible and lie deep 
to their respective tendons
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secondary actions including internal rotation (gluteus mini-
mus, anterior gluteus medius fibers) and external rotation 
(posterior gluteus medius fibers). The sub- gluteus maximus 
bursa, or trochanteric bursa, lies superior to the posterior facet 
of the greater trochanter. The sub-gluteus medius and mini-
mus bursae lie deep to their respective tendons (Fig. 40.1).

Gluteal tendinopathy or tendinosis (GT) is a chronic, degen-
erative, non-inflammatory condition and is the most com-
mon cause of lateral hip or peri-trochanteric pain. In fact, 
gluteus medius and/or minimus tendinopathies are the most 
prevalent lower extremity tendinopathies, estimated to affect 
10–25% of the general population [1]. While GT can occur 
in any age group, it is most prevalent in those aged 
40–60 years old and attributed to overuse, repetitive loading, 

and cumulative microtrauma. Additionally, it displays a 2.5- 
to 4-fold greater predilection for females compared to males, 
likely due to several sex-specific anatomic and biomechani-
cal differences, including increased acetabular anteversion, 
decreased gluteus medius insertional area, shorter gluteal 
abductor moment arm, and increased peripheral adiposity in 
females [2]. Dynamically, female athletes more often exhibit 
increased hip adduction during single-leg stance as a result 
of relative gluteus medius weakness, which has been demon-
strated to increase tensile load on the hip abductors and fur-
ther contribute to the risk of GT [3]. Decreased femoral 
neck–shaft angle (coxa vara) and leg length discrepancy 
have also been associated with increased risk for GT.

Calcific gluteal tendinopathy, or the deposition of cal-
cium hydroxyapatite within the tendons, may also occur. The 

a c

b d

Fig. 40.2 Normal appearance of gluteus minimus (closed arrowhead) 
and medius (open arrowhead) tendons on fat-suppressed T2-weighted 
axial MRI, both superior to insertion (a) and at insertion (b) on the 

anterior and lateral facets, respectively. Corresponding level of axial 
cuts are demonstrated on coronal sequences (c, d) identified by the yel-
low line
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pathogenesis of calcific gluteal tendinopathy remains unclear 
but has been associated with diabetes, altered estrogen 
metabolism, and hypothyroidism.

Trochanteric bursopathy may affect one or more of the 
three major bursae in the lateral hip region. Once thought to be 
a distinct entity, trochanteric bursopathy is now generally 
accepted as a relatively rare sequela of underlying gluteal ten-
dinosis, similar to bursopathies in the shoulder. If present, the 
overwhelming majority of cases involve the sub-gluteus maxi-
mus bursa with sub-gluteus minimus and sub-gluteus medius 
bursae accounting for less than 5% of cases [4]. In rarer cases, 
however, trochanteric bursitis can occur due to traumatic com-
pression of the bursa or inflammation secondary to rheumato-
logic diseases such as gout, rheumatoid arthritis, or psoriasis.

40.1.4  Clinical Presentation

Patients with GT, with or without accompanying trochan-
teric bursopathy, typically present with chronic, insidious, 
dull pain at the posterolateral hip region. Far less commonly, 
pain can occur acutely and may be related to traumatic or 
inflammatory bursitis or calcific tendinitis. Radiation into the 
groin, posterior hip, and/or down the lateral thigh mimicking 
radicular symptoms has also been reported. Often patients 
will describe worsening of pain when laying on the affected 
side. Other exacerbating factors may include prolonged 
standing, transitional movements, sitting with the affected 
leg crossed, climbing stairs, running, or other high-impact or 
single-leg support activities.

40.1.5  Physical Examination

A comprehensive musculoskeletal examination should be 
performed, including both the affected and unaffected hip. It 
is imperative that the patient be examined in shorts to allow 
for appropriate access to the hip and observation of the entire 
kinetic chain. Thorough lumbar spine, sacroiliac joint, and 
neurologic examinations must be conducted as well given 
the broad differential diagnosis for lateral hip pain 
(Table 40.1).

Gait evaluation Gait is typically normal; however, patients 
may complain of reproduction of lateral hip pain during 
stance phase on the affected leg. In more severe cases, 
patients may have an antalgic gait or a Trendelenburg gait 
(Fig. 40.3a), indicating a significant gluteus medius weak-
ness or even tear.

Observation Inspection for swelling, erythema, or defor-
mity should be completed, noting asymmetries compared to 
the contralateral side. In cases of gluteal tendinopathy, there 
will typically be no obvious abnormalities. However, factors 
that may contribute to a higher risk can be observed, such as 
leg length discrepancy, peripheral adiposity, or a prominent 
greater trochanter, which can be a sign of coxa vara.

Palpation Palpatory examination is best performed with the 
patient in lateral decubitus position with hip and knee flex-
ion. Tenderness to palpation at or near the greater trochanter 
is suggestive of GT if reproductive of index hip pain. Focal 
palpation of the individual trochanteric facets can better 
define specific tendon involvement.

Range of motion (ROM) Both passive and active ROM 
should be tested in all planes. In patients with isolated GT, 
ROM should remain full, though maneuvers should be per-
formed slowly and with reassurance as it is not uncommon to 
elicit pain. True restriction with passive ROM generally indi-
cates primary or concomitant intra-articular hip pathology.

Sensory testing Sensory examination should be performed in 
T12-S1 dermatomes and should be normal in the case of GT.

Deep tendon reflexes Lower extremity deep tendon reflexes 
(DTRs) including patellar, Achilles, and medial hamstring 
tendons should be tested and should be normal in GT.

Motor testing Reproduction of lateral hip pain with resisted 
hip abduction is suggestive of gluteal tendinopathy. Given 
that the tensor fascia latae (TFL) is a frequently overutilized 
hip abductor in the setting of gluteal weakness, specific effort 
should be made to isolate the gluteal musculature by testing 
hip abduction in the side-lying position with 10–15 degrees 
of hip extension.

Joint testing Careful assessment of the hip, sacroiliac, and 
facet joints should be performed to differentiate GT from 
other conditions that may mimic symptoms.

40.1.5.1  Special Maneuvers
FABER (Patrick’s) test While non-specific, this test may 
elicit lateral hip pain in the setting of GT by stretching the 
portions of the gluteus medius/minimus involved with hip 
internal rotation (Fig. 40.3b). It is important to ask where the 
patient experiences pain during this maneuver as pain can be 

Table 40.1 Differential diagnosis for lateral hip pain

Gluteal tendinopathy Hip dysplasia
Calcific tendinitis Avascular necrosis
Lateral snapping hip 
syndrome

Labral tear

Femoral neck fracture 
(stress or trauma)

Septic joint

Femoroacetabular 
impingement

Nerve entrapment (meralgia paresthetica, 
superior/inferior gluteal nerves)

Osteoarthritis of the hip Referred pain (SI joint, spine, disc disease)
Inflammatory arthritides 
(RA, spondyloarthritis)

Tumors/neoplasm
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elicited in many locations depending on pathology. Groin 
pain can suggest intra-articular hip process, whereas poste-
rior pain can suggest sacroiliac joint disease.

Single-leg stance The patient is asked to stand on the pain-
ful leg for 30 seconds with the unaffected leg at 90 degrees 
of hip and knee flexion (Fig. 40.3c). Lateral hip pain during 
this period suggests GT with reported sensitivity of 100% 
and specificity of 97% in patients with at least 4 months of 
lateral hip pain [5].

Resisted internal rotation (resisted external derota-
tion) While in the supine position, the symptomatic leg is 
brought to 90 degrees of hip and knee flexion, followed by 
15 to 20 degrees of external rotation. Next, resisted internal 
rotation is tested using one hand to stabilize the knee and the 
other to apply a rotational force at the ankle (Fig.  40.3d). 
Pain or weakness with this maneuver has a reported sensitiv-
ity of 90%, specificity of 85%, and positive predictive value 
(PPV) of 85% for GT when correlated with MRI [6].

Hip lag sign While in the side-lying position with the 
affected hip upward, the hip is passively moved into 10 
degrees of extension and 20 degrees of abduction and then 
internally rotated as far as possible. The examiner then 
releases the leg (Fig. 40.3e, f). An inability of the patient to 
maintain this position is considered a positive test with 89% 
sensitivity, 97% specificity, and 94% PPV for gluteus medius 
and/or minimus pathology [7].

40.1.6  Diagnostic Evaluation

GT is generally a clinical diagnosis; however, imaging may 
evaluate for secondary or concomitant pathologies or assess 
the integrity of the gluteal tendons or guide further interven-
tions in the case of refractory disease.

X-ray Radiographs are frequently obtained to evaluate for 
other potential etiologies of hip pain, such as arthritis, frac-
tures, avascular necrosis, or bony morphologies associated 

a b
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Fig. 40.3 Physical exam maneuvers for gluteal tendinopathy: Trendelenburg gait (a), FABER test (b), single-leg stance test (c), resisted internal 
rotation test (d), positioning patient for hip lag sign (e), and a negative hip lag sign (f)
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with femoroacetabular impingement. Radiographs have low 
sensitivity for detecting gluteal tendinopathy. However, 
radiographic trochanteric cortical irregularities have high 
specificity (96–98%) for gluteal tendon abnormality on MRI 
correlation [8]. In cases of calcific gluteal tendinopathy, 
X-ray and ultrasound are the preferred diagnostic imaging 
modalities.

Ultrasound Sonographic evidence of GT may include ten-
don thickening, increased heterogeneity, loss of uniform 
fibrillar echotexture with or without focal hypoechoic regions 
indicative of tears, enthesopathy/cortical irregularity at the 
affected facet, intratendinous hyperechoic foci consistent 
with calcifications, neovascularization, and positive sonopal-
pation over the affected tendon(s). As previously discussed, 
trochanteric bursal distention is uncommon but frequently 
associated with GT when present. In cases of long-standing 
GT, muscle atrophy and fatty infiltration may be visualized. 
The absence or retraction of tendon fibers is indicative of a 
complete tear. Musculoskeletal ultrasound has a sensitivity 
of 79–100% and PPV of 95–100% for diagnosing GT and/or 
trochanteric bursopathy, comparable to MRI though operator 
dependent [9]. Patient body habitus is an important consider-
ation with ultrasound evaluation.

MRI The earliest evidence of GT on MRI is often soft tissue 
edema surrounding the gluteus minimus and/or medius ten-
dons, followed by tendon thickening and intratendinous sig-
nal intensity on T2-weighted imaging (Fig.  40.4) [10]. A 
focal absence of fibers suggests a partial tear, and complete 
discontinuity or bony avulsion at the greater trochanter indi-
cates a complete tear. Additional evidence of GT includes 

fatty muscular atrophy, hypertrophy of the ipsilateral tensor 
fascia latae (TFL), and cortical irregularities. Because intra-
tendinous calcifications have a hypointense appearance simi-
lar to that of the tendon, calcific tendinopathy is frequently 
underappreciated on MRI. Overall, MRI has a sensitivity of 
73% and specificity of 95% for GT [11].

40.1.7  Treatments

40.1.7.1  Medical Management
Gluteal tendinopathy is often a self-limited condition with 
greater than 90% of patients responding to conservative care 
[12]. Conservative treatment includes patient education, rel-
ative rest, activity modification, icing, topical or oral NSAIDs 
(in patients with no contraindications), and physical therapy. 
NSAIDs are typically used for no more than 2–4 weeks at a 
time at the lowest effective dose.

40.1.7.2  Rehabilitation
A comprehensive physical therapy program should be initi-
ated specifically focusing on strengthening of the hip 
abductors, isolating gluteus minimus and medius from 
TFL.  Typically, this begins with isometric loading, pro-
gressing to eccentric strengthening and more dynamic 
movements including single-leg squats and lateral hops for 
advanced patients (Fig.  40.5) [13]. Finally, walk/jog pro-
gression and return-to-sport protocols should be gradually 
advanced as indicated. By correcting dynamic hip adduc-
tion, tension through the gluteal tendons and compression 
of the gluteal entheses by the overlying iliotibial band 
(ITB) are reduced. Given frequent compensatory move-

a b

Fig. 40.4 Gluteus medius tendinopathy with partial-thickness insertional tear at the lateral facet of the greater trochanter (arrowhead) and mild 
surrounding edema on fat-suppressed T2-weighted axial (a) and coronal (b) MRI
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ment patterns, strengthening of the entire kinetic chain is 
also recommended, along with stretching and soft tissue 
work as needed.

40.1.7.3  Procedures
For patients with refractory symptoms, procedural interven-
tions can be considered. Patient education, informed con-
sent, and shared decision-making are important in all cases, 
particularly when treatment may confer out-of-pocket costs 
to the patients as is often the case with extracorporeal shock-
wave therapy (ESWT) and orthobiologic injections.

Corticosteroid injection (CSI) (CPT code 76942) Assuming 
no evidence of pre-existing gluteal tendon tear, a one-time 
ultrasound-guided CSI can be performed to ensure bursal 

rather than intra-tendinous infiltration. As for most tendinop-
athies, short-term pain reduction has been demonstrated with 
the use of steroid injection for GT. However, a randomized 
controlled trial (RCT) of 204 patients with GT found that 
8 weeks of education plus exercise therapy had significant 
benefit over both steroid injection and wait-and-see approach 
for short-term pain and global improvement, as well as long- 
term global improvement at 1 year [14]. Long-term benefit 
has not been demonstrated for CSI, particularly when used in 
isolation. Further, potential risks of CSI must be considered, 
including progressive tendon tearing or rupture [15], particu-
larly with repeat CSIs without image guidance.

Orthobiologic injection Ultrasound-guided injection of 
platelet-rich plasma (PRP) (CPT code 0232T) can be consid-

a b c

d e f

Fig. 40.5 Rehabilitation exercises for gluteal tendinopathy: hip hitch (a), standing unassisted (b, c), two-legged wall squats (d), two-legged calf 
raises (e), single-legged calf raises (f)
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ered instead of steroid, sparing the tendon from steroid expo-
sure with perhaps some regenerative properties. A recent 
RCT comparing PRP to steroid injection in patients with GT 
showed improved pain and function in the PRP group after 
12  weeks of follow-up [16]. Evidence for other orthobio-
logic injectables including mesenchymal signaling cells is 
limited at this time.

Shockwave therapy (CPT 0101T) Another alternative treat-
ment for GT is ESWT, which has been found to be more effec-
tive at mid- and long-term follow-up compared to steroid 
injection, producing comparable results to physical therapy, 
stretching and strengthening [17]. A recent randomized con-
trolled trial demonstrated improved pain, function, and patient 
satisfaction with focused ESWT (3 weekly sessions, each 
including 2000 shocks with frequency of 5.0 Hz and total energy 
flux density of 0.20 mJ/mm2) compared to placebo at 2 months 
with durability over the six-month study period [18]. Radial and 
combined ESWT protocols may also be considered.

Barbotage (CPT 20610) Barbotage, or ultrasound-guided 
percutaneous lavage, may be utilized for refractory calcific 
tendinopathy, though evidence specifically related to the glu-
teal tendons is limited. A variety of techniques are described, 
typically involving injection and aspiration of saline into the 
calcium deposit until it is disrupted or dissolved. The proce-
dure is often followed by steroid injection to prevent post- 
procedure bursitis secondary to localized soft tissue calcium 
dispersion and resulting inflammation.

Percutaneous ultrasonic tenotomy (CPT 27006) Ultrasound- 
guided percutaneous tenotomy may be considered for refrac-
tory GT, including calcific gluteal tendinosis. This outpatient 
treatment utilizes ultrasonic energy with local irrigation to 
debride pathologic tissue. It has been shown to improve pain 
and functional outcomes up to 2 years post-treatment, though 
without a high level of evidence to date [2, 19].

40.1.7.4  Surgery
Surgery is generally not required for gluteal tendinopathy 
and is typically reserved for those with full- or high-grade 
partial-thickness tears that result in lumbopelvic instability 
or severe pain/functional impairment after greater than 
6  months of non-surgical treatment [20]. Endoscopic 
approach is generally preferred to open approach in order to 
minimize tissue damage, shorten hospitalization, decrease 
postoperative pain, and improve rate of recovery. Surgery 
may involve debridement of the degenerative tissue, curet-
tage of the bone surface, reattachment or direct repair of the 
tendon, and/or bursectomy with good pain and functional 
outcomes over a 2-year follow-up [20].

40.2  Iliotibial Band–Related Disorders

40.2.1  Synonyms

• Lateral/external snapping hip
• Lateral/external coxa saltans
• Iliotibial band syndrome (ITBS)
• Proximal iliotibial band friction syndrome

40.2.2  ICD-10 Codes

M76.30–M76.32

40.2.3  Description

Anatomy The ITB is a longitudinal fibrous band that originates 
at the iliac tubercle along the anterolateral iliac crest and TFL 
muscle proximally, serves as the insertion for much of the glu-
teus maximus, and travels the length of the lateral thigh before 
inserting at Gerdy’s tubercle on the lateral tibial condyle. At the 
level of the greater trochanter, it passes just superior to the glu-
teal musculature and enthuses (Fig. 40.1). The function of the 
ITB is complex as it provides lower extremity joint stabilization 
dependent upon a variety of static and dynamic factors related to 
lumbopelvic, hip, and knee alignment.

40.2.3.1  External Snapping Hip or External 
Coxa Saltans

This condition has been reported in 5–10% of the general pop-
ulation with a much higher prevalence among athletes, particu-
larly those engaging in activities involving extremes of hip 
motion such as dancers [21]. It is characterized by an audible 
and/or palpable snap occurring at the greater trochanteric 
region—most commonly arising from translation of the ilio-
tibial band (ITB) over the greater trochanter—but more rarely 
caused by translation of the anterior fibers of the gluteus maxi-
mus over the greater trochanter. While the presence of an exter-
nal snapping hip does not necessarily imply symptomatology, 
it is often attributed to repetitive overuse in the setting of sub-
optimal core and hip girdle biomechanics, similar to the risk 
factors for GT. As such, chronic translation over the greater 
trochanter can lead to thickening of the posterior fibers of the 
ITB or anterior gluteus maximus at its insertion on the ITB. This 
fascial thickening may further disrupt normal physiologic glide 
over the greater trochanter, potentially leading to more pro-
nounced snapping, pain, partial tears, underlying frictional ITB 
bursal hypertrophy, and/or irritation of the vastus lateralis ten-
dinous origin, all of which are encompassed by the broad term 
of proximal ITB friction syndrome. Additional risk factors may 
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include coxa vara, increased intertrochanteric width, prominent 
greater trochanters, ITB/TFL tightness, generalized hypermo-
bility, and connective tissue disorders. Finally, in rare cases, 
external snapping of the hip may be related to trauma.

40.2.4  Clinical Presentation

Patients often present with complaints of snapping and/or 
pain at the lateral hip, sometimes described as if their hip is 
dislocating. Provoking movements may be inconsistent for 
some patients, while others will be able to recreate the snap-
ping on demand. When pain is present, it typically develops 
insidiously over months to years, is located at the greater 
trochanteric region, and is made worse during activities of 
end-range hip movement, walking, jogging, and cycling.

40.2.5  Physical Examination

A comprehensive musculoskeletal examination should be 
performed.

Gait evaluation Gait is typically normal; however, patients 
may complain of reproduction of lateral hip pain and/or 
snapping sensation at variable phases of the gait cycle.

Observation Inspection for swelling, erythema, asymmetry, 
or deformity is noted. Often, there will be no obvious out-
ward abnormalities for disorders related to the ITB, but other 
observable risk factors can be assessed as previously 
described. If the patient is able to recreate snapping, an 
attempt should be made to directly visualize and/or palpate 
the snap for localization.

Palpation Palpation over the greater trochanteric region can 
be performed in any position that the patient is able to repro-
duce snapping symptoms. Further, tenderness may be pres-
ent diffusely over the ITB including at its origin and/or 
anterior gluteus maximus border.

Range of motion (ROM) Full passive and active ROM 
should be present in ITB-related disorders, though reproduc-
tion of pain or even snapping may be present with a variety 
of movements. True passive ROM restriction generally indi-
cates intra-articular hip pathology.

Sensory testing and reflexes Sensory examination and reflexes 
should be normal in the case of ITB-related disorders.

Motor testing Resisted hip abduction, both with concomi-
tant hip flexion and hip extension, may reproduce lateral hip 
pain in ITB-related disorders given activation of the TFL and 
gluteus maximus muscles, respectively.

Joint testing Careful assessment of the hip, sacroiliac, and 
facet joints should be performed to differentiate ITB-related 
disorders from other differential diagnoses.

40.2.5.1  Special Maneuvers

FABER-external derotation test Snapping can be elicited by 
having the patient actively or passively move from the 
FABER position to extension, adduction, and internal rota-
tion (Fig. 40.6a–c). Snapping may also be created by moving 
the patient from neutral to the FABER position.

Ober’s test From a side-lying position with the affected side 
upward, the hip is passively extended and allowed to drop 
into adduction toward the exam table (Fig. 40.6d). Limited 
adduction implies ITB tightness, which can potentially con-
tribute to external snapping hip.

Hula-hoop test From the standing position, the patient 
adducts and circumducts the affected hip while the exam-
iner observes for snapping over the greater trochanter 
(Fig. 40.6e).

40.2.6  Diagnostic Evaluation

External snapping hip and proximal ITB friction syndrome are 
clinical diagnoses, but imaging can be a useful adjunct when 
the diagnosis is not readily apparent or in refractory cases.

X-ray As previously noted, radiographs of the hip are often 
useful to rule out osseous abnormalities. They are typically 
normal in isolated ITB-related disorders.

Ultrasound Dynamic ultrasound can definitively diagnose 
external snapping hip by allowing direct visualization of the 
ITB or anterior gluteus maximus fibers snapping over the 
greater trochanter, which may or may not be associated with 
ITB thickening or partial tearing.

MRI MRI can identify proximal thickening or tearing of the 
ITB, associated edema, or less frequently bursal hypertrophy 
(Fig. 40.7). Differentiating between ITB and gluteus maxi-
mus involvement can be helpful in determining prognosis, as 
patients with gluteus maximus involvement tend to have 
symptoms for a longer duration [22].

40.2.7  Treatments

40.2.7.1  Medical Management
Many people experience infrequent, asymptomatic snapping 
of the lateral hip. In these cases, no treatment is necessary. If 
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Fig. 40.6 Physical exam maneuvers for external snapping hip: FABER-external derotation test (a–c), normal Ober’s test (d), hula-hoop test (e)

a b c

Fig. 40.7 Findings associated with proximal ITB syndrome including 
ITB thickening with partial tear and mild associated iliac tubercle bone 
marrow edema (arrow, a) and thickening at the level of the greater tro-

chanter with the surrounding soft tissue edema (arrows, b, c) on coronal 
(a, b) and axial (c) fat-suppressed T2-weighted MRI

the snapping becomes symptomatic, a conservative care 
should be initiated, consisting of patient education, relative 
rest, activity modification, icing, topical or oral NSAIDS (if 

no contraindications exists), and physical therapy (PT). The 
vast majority of symptomatic patients respond well to con-
servative treatments alone.

40 Lateral Hip Disorders



392

40.2.7.2  Rehabilitation
PT should include a comprehensive evaluation of the kinetic 
chain as ITB-related disorders are impacted by postural, 
lumbopelvic, hip girdle, and knee mechanics. Often, there is 
overuse of the TFL as compared to the gluteal muscles, 
which can be addressed with exercises to specifically 
strengthen the gluteal muscles and stretch or lengthen the 
TFL.  Gluteal strengthening will decrease dynamic hip 
adduction, preventing the greater trochanter from acting as a 
fulcrum compressing against the ITB and underlying soft tis-
sues. Foam rolling and soft tissue work are often 
incorporated.

40.2.7.3  Procedures
For patients with refractory symptoms or limited ability to 
tolerate PT due to pain, steroid injection, orthobiologic injec-
tions, and ESWT may be appropriate, similar to GT. Currently, 
there is limited evidence related to the collective use of these 
interventions specifically for ITB-related disorders, and sim-
ilar principles as discussed for GT should be considered.

40.2.7.4  Surgery
In the rare case that ITB-related disorders are refractory to 
non-operative treatment, surgery can be considered for ITB 
lengthening. In small studies, z-lengthening has shown good 
success in resolving snapping hip [23]. Endoscopic release, 
where a diamond-shaped defect is made through the ITB, 
has also demonstrated promising results over 2 years of fol-
low- up [24]. Patients should be counseled regarding the 
potential for postoperative hip abductor weakness.
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Hip Fractures and Dislocations

Kristian von Rickenbach, Adam Tenforde, 
and Haylee Borgstrom

41.1  Hip Stress Fracture/Bone Stress Injury

41.1.1  Synonyms

• Femoral neck stress fracture/bone stress injury
• Acetabular stress fracture/bone stress injury

41.1.2  ICD-10 Code

M84.35

41.1.3  Description

Anatomy The hip, or femoroacetabular articulation, is a ball-
and-socket joint designed for weight-bearing. The femoral 
head and neck, along with the acetabulum, are rich in trabecu-
lar bone, which is likely more sensitive to relative energy defi-
ciency in sport (RED-S) risk factors and resulting low bone 
mineral density compared to cortical-rich bone [7]. The super-
olateral border of the femoral neck is subject to high tensile 
forces, while the inferomedial border is subject to compressive 
forces (Fig. 41.1). Tension-side femoral neck stress injuries are 
classified as high-risk bone stress injuries (BSI) due to increased 
risk for displacement and resulting complications including 
delayed or non-union and avascular necrosis (AVN) [2]. Of 
note, hip abductor weakness alters force transmission through 
the femoral neck and acetabulum leading to increased tensile/
compressive forces and joint contact pressures [8], potentially 
increasing risk for stress fractures and bone stress injuries.

Stress fractures and bone stress injuries (BSI) of the femur 
and acetabulum are overuse injuries related to repetitive 
load, resulting in cumulative microtrauma and structural 
fatigue [1]. Thus, they typically occur in those participating 
in repetitive impact exercise, particularly long-distance run-

41

K. von Rickenbach · A. Tenforde 
Department of Physical Medicine & Rehabilitation, Spaulding 
Rehabilitation Hospital, Harvard Medical School, Charlestown,  
MA, USA
e-mail: atenforde@mgh.harvard.edu

H. Borgstrom (*) 
Department of Physical Medicine & Rehabilitation, Spaulding 
Rehabilitation Hospital, Massachusetts General Hospital, Harvard 
Medical School, Boston, MA, USA
e-mail: hborgstrom@partners.org

Fig. 41.1 Normal weight-bearing AP hip radiograph with typical loca-
tions for high-risk tension-sided (red) and compression-sided (yellow) 
femoral neck stress fractures

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92042-5_41&domain=pdf
https://doi.org/10.1007/978-3-030-92042-5_41#DOI
mailto:atenforde@mgh.harvard.edu
mailto:hborgstrom@partners.org


394

ners and military recruits, and are more common in females 
compared to males [1, 2]. Among athletes with bone stress 
injuries, femoral neck stress fractures are relatively uncom-
mon, accounting for 3–5% of all stress fractures [2, 3]. 
However, recognition of femoral neck bone stress injury is 
important due to potential for serious sequelae including 
avascular necrosis (AVN) of the femoral head, so clinicians 
should maintain a high index of suspicion in the endurance 
athlete with hip pain. Acetabular stress fractures are far rarer 
still [4]. Bone metabolism is an intricate and highly dynamic 
process influenced by biomechanical, metabolic, anatomic, 
and other factors [5].

Etiology/risk factors The etiology for BSI is generally mul-
tifactorial. Biomechanical risk factors include volume and 
intensity of impact exercise, gait kinematics, and muscle 
strength and endurance [1]. Metabolic risk factors for BSI 
hinge on the concept of low energy availability encompassed 
by the concept of relative energy deficiency in sport (RED-S) 
[6], resulting in menstrual and neurohormonal dysregulation, 
low body mass index, micronutrient deficiency, and impaired 
bone health. Additional risk factors include coxa vara, ace-
tabular retroversion, underlying bone or connective tissue 
disease, smoking, and high-risk medications including pro-
longed corticosteroid use [3].

41.1.4  Clinical Presentation

Patients with either femoral or acetabular BSI will typically 
present with an insidious onset of hip region pain. The loca-
tion of pain is often poorly localized but is most commonly 
described in the anterior hip/groin region and proximal ante-
rior thigh. Typically occurring in the setting of increased vol-
ume and/or intensity of impact exercise, pain is made worse 
with weight-bearing and/or impact activity and is alleviated 
by rest [2, 3]. As the severity of injury progresses, the patient 
may describe pain at rest and at nighttime. A thorough 
assessment of potential risk factors is vital and indicated as 
part of a complete history for suspected BSI in order to guide 
management and future prevention.

41.1.5  Physical Examination

Comprehensive musculoskeletal examination of the lumbar 
spine, sacroiliac joints, and bilateral hips is indicated given 
often overlapping referral patterns for these joints, along 
with lower extremity neurologic assessment to evaluate for 
possible neurologic etiology. Depending on findings, the 
examination may need to expand to assess for other potential 
sources of pain, including intra-abdominal or intra-pelvic 
etiologies.

Gait The patient may present with an antalgic gait, particu-
larly in cases of high-grade injury [3].

Visual observation Inspection is generally normal in cases 
of bone stress injury, but asymmetries and alignment abnor-
malities should be noted as potential risk factors. Body habi-
tus should be noted as a potential reflection of low energy 
availability and low body mass index and changes to the skin 
(callouses to suggest bulimia), hair (lanugo), or other find-
ings that may suggest an underlying eating disorder.

Palpation Palpatory examination may be normal in the case 
of bone stress injury given deep location. However, it is not 
uncommon to have reactive regional myofascial pain or 
compensatory tendon overuse in the setting of antalgic gait 
with over 60% of patients with femoral neck stress fracture 
exhibiting non-specific anterior hip tenderness [3].

Range of motion (ROM) Pain with end range of motion, 
especially internal rotation, is present in nearly 80% of 
patients with femoral neck stress fractures [3]. Hip and lum-
bar spine ROM should be examined in all planes.

Sensory testing Sensory examination for bilateral L1-S1 
dermatomes should be normal in the case of bone stress 
injury. Deficits should increase suspicion for neurologic 
etiology.

Deep tendon reflexes Bilateral lower extremity reflexes 
should be tested for patellar (primarily L4), medial ham-
string (L5), and Achilles (S1) tendons. Reflexes shoulder be 
2+ and symmetric in the case of bone stress injury.

Motor testing Manual motor testing for bilateral L2-S1 
myotomes should be completed to assess for neurologic eti-
ology. Pain may limit resisted hip flexion, extension, adduc-
tion, and abduction, but strength should be preserved distally 
in the case of bone stress injury. Resisted hip flexion may 
provoke pain in the associated lesser trochanteric bone stress 
injury, which may progress to femoral neck bone stress 
injury in advanced cases [9].

Joint testing As previously discussed, a thorough musculo-
skeletal evaluation of the lumbar spine and bilateral sacroil-
iac joints is indicated given frequently overlapping pain 
referral patterns.

41.1.5.1  Special Maneuvers

Intra-articular hip maneuvers Examination maneuvers cor-
related with intra-articular hip pathology are often positive in 
the case of femoral neck or acetabular stress injury including 
FADIR, FABER, log roll, and Stinchfield’s (or resisted 
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straight leg raise) tests [3]. These exam maneuvers are dis-
cussed in detail in the “Anterior Hip Disorders” chapter.

Weight-bearing or impact maneuvers While tests such as 
single-leg squat, hops, and stance are often positive in the 
case of femoral neck stress injuries, the potential risk for 
fracture propagation must be considered against their diag-
nostic utility [2]. Often, these tests can be deferred if the cli-
nician suspects bone stress injury as imaging will be 
indicated.

Beighton score Testing for generalized hypermobility as a 
potential indicator of underlying connective tissue disease 
can be considered. Exam maneuvers included in this evalua-
tion are described in detail in the “Anterior Hip Disorders” 
chapter.

41.1.6  Diagnostic Workup

X-ray Plain radiographs of the hips and pelvis are typically 
obtained as the initial screening tool for bone stress injury, 
though with low sensitivity on both initial evaluation (15%) 
and follow-up (50%) [2]. Radiographs can be useful for eval-
uating differential diagnoses including joint degenerative 
disease, calcific tendinopathy, and cam- or pincer-type mor-
phology. Radiographic findings suggestive of femoroacetab-
ular impingement may be associated with femoral neck bone 
stress injury [10].

Magnetic resonance imaging (MRI) MRI is the recom-
mended imaging modality for assessment of bone stress 
injuries given a high sensitivity and specificity for even low- 
grade injuries. The earliest sign of bone stress injury is peri-
osteal edema. As the grade of injury increases, bone marrow 
edema is appreciated on T2-weighted imaging, then as cor-
responding hypointense signal on T1-weighted imaging, 
finally followed by a discrete fracture line [11] (Fig. 41.2). 
Various grading systems are described for bone stress inju-
ries, which have both diagnostic and prognostic value.

Musculoskeletal ultrasound Sonographic evaluation may 
reveal periosteal thickening or cortical irregularity in the 
presence of a femoral neck stress fracture, but MRI is the 
imaging modality of choice for diagnosis of bone stress 
injury.

Laboratory evaluation Basic blood work aimed at identify-
ing metabolic contributors to impaired bone health should be 
completed particularly in the case of high-risk bone stress 
injury. This may include complete blood count, complete 
metabolic panel, inflammatory markers, iron studies, 
25-hydroxyvitamin D level, reproductive hormone levels, 

and more. Specialist referral may be made for this testing 
depending on the expertise and comfort level of the 
clinician.

Dual-energy X-ray absorptiometry (DXA) DXA may be 
considered to assess bone mineral density particularly in the 
setting of high-risk or recurrent bone stress injuries with 
associated RED-S risk factors. In pre-menopausal women 
and men younger than 50 years old, low bone mineral den-
sity is defined as age-matched Z-scores between −1.0 and 
−2.0 [12]. In post-menopausal women and men older than 
50 years old, T-scores are used to diagnose osteopenia and 
osteoporosis.

41.1.7  Treatment

41.1.7.1  Medical Management
In the case of suspected femoral neck or acetabular bone 
stress injury, the patient should immediately be placed on 
crutches and adhere to non-weight-bearing status through 
the affected extremity until diagnostic imaging can be com-
pleted as discussed above. If necessary, pain control can be 
achieved with a multimodal approach including ice, topicals, 

Fig. 41.2 Nondisplaced hypointense compression-side femoral neck 
stress fracture (arrowhead) with surrounding hyperintense bony edema 
on coronal T2-weighted MRI with fat suppression
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acetaminophen, and short-course opioids if needed and after 
appropriate counseling. Non-steroidal anti-inflammatories 
may be avoided in the setting of fracture or BSI given theo-
retical risk for impaired bone healing. Identification and 
treatment of underlying metabolic contributors to impaired 
bone health are key as previously discussed. Vitamin D sup-
plementation can be initiated in the case of hypovitaminosis 
D (less than 30  ng/mL). High-dose supplementation with 
50,000 IU vitamin D3 weekly for 8 weeks may be consid-
ered, followed by 1000–2000 IU daily [13, 14]. Daily cal-
cium intake of 1000–1200  mg daily is also recommended 
[14], primarily through dietary intake when possible. 
Because bone stress injuries are often multifactorial in etiol-
ogy, a multidisciplinary team may be necessary to optimize 
fracture healing and prevention of recurrent injuries, includ-
ing non-operative sport medicine, orthopedic surgery, physi-
cal therapy, endocrinology, eating disorder medicine, sport 
nutrition, sleep medicine, sport psychology, and more. 
Patient education is essential for successful treatment and 
prevention of bone stress injuries/stress fractures.

41.1.7.2  Rehabilitation
As with most bone stress injuries, rehabilitation begins with 
a period of weight-bearing and activity restriction based on 
the severity and location of bone stress injury. Compression- 
side femoral neck bone stress injuries can typically be man-
aged non-operatively with 4–6 weeks of non-weight-bearing, 
physical therapy focused on core and gluteal strengthening, 
and gradual return to impact exercise. However, surgical 
consultation should be considered for fractures spanning 
greater than 50% of the femoral neck width [3]. As previ-
ously discussed, MRI grading can help to guide patient 
expectations related to return to sport with grade 1 through 4 
injuries requiring an average of 7.4, 13.8, 14.7, and 
17.5  weeks before return to run, respectively [15]. 
Nondisplaced acetabular stress fractures can be managed 
non-operatively with similar rehabilitation principles.

41.1.7.3  Procedures
Procedures are generally not required for the treatment of 
bone stress injuries.

Orthobiologic injections There is limited low-level evi-
dence for the use of orthobiologics in the treatment of non- 
healing stress fractures, most commonly as augmentation 
during surgical management with none specifically focused 
on femoral neck or acetabular stress fractures [16].

Extracorporeal shockwave therapy (ESWT) There is limited 
low-level evidence supporting the use of ESWT for treat-
ment of delayed or non-union stress fractures, generally in 
more superficial locations. More recently, focused ESWT 
has been demonstrated to reduce marrow edema in femoral 

head osteonecrosis [17]. This may be a consideration for 
refractory femoral neck and acetabular bone stress injuries, 
though higher-quality studies are needed.

41.1.7.4  Surgery
Tension-sided or displaced femoral neck and displaced ace-
tabular stress fractures require urgent surgical evaluation 
given a high risk for complications. Surgical management of 
femoral neck and acetabular fractures is described in detail 
in a subsequent chapter. In the case of compression-side 
femoral neck or nondisplaced acetabular fractures, surgical 
intervention can often be avoided with a comprehensive non- 
operative treatment approach as described above.

41.2  Traumatic Hip Fracture

41.2.1  Synonyms

• Femoral neck fracture
• Intertrochanteric fracture
• Subtrochanteric fracture
• Acetabular fracture

41.2.2  ICD-10 Code

S72.00, S72.14, S72.23, S32.40

41.2.3  Description

Anatomy Proximal femur fractures can be categorized by 
their location, commonly as femoral neck, intertrochanteric 
(between the greater and lesser trochanters), or subtrochan-
teric (within 5 cm distal to the less trochanter) (Fig. 41.3). 
Femoral neck fractures are intra-capsular, whereas intertro-
chanteric and subtrochanteric fractures are extra-capsular. 
Acetabular fractures most commonly occur at the 
 weight- bearing superior and posterior aspects of the acetabu-
lar dome.

Traumatic hip fractures of the proximal femur and acetabu-
lum may occur in the setting of high-energy trauma, such as 
motor vehicle accident or less commonly collision sport, in 
young individuals, or as a result of low-energy trauma, pri-
marily from falls, in older individuals [18, 19]. Increasing 
age, female sex, osteoporosis, disability, and more are risk 
factors for fracture in the aging population [18]. Among this 
same population, femoral neck and intertrochanteric frac-
tures are most common, followed by subtrochanteric and 
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acetabular fractures. In the National Football League (NFL), 
traumatic acetabular fractures are the most common hip frac-
ture and may be associated with hip joint subluxation or dis-
location. Though these injuries are rare, accounting for less 
than 2% of all hip injuries, they are second to only hip dislo-
cations in terms of greatest time lost from sport at over 
100  days [19]. Because of the high risk of complications 
including osteonecrosis of the femoral head, post-traumatic 
osteoarthritis, nerve injury, and heterotopic ossification, cli-
nicians should have a high index of suspicion for proximal 
femur or acetabular fractures in the appropriate clinical 
scenario.

41.2.4  Clinical Presentation

Patients with traumatic proximal femur or acetabular frac-
tures will typically present with an acute onset of groin pain 
and inability to bear weight on the affected limb after a high- 
or low-energy injury mechanism as previously described. 
These fractures may occur in the setting of polytrauma war-
ranting emergency evaluation for other life-threatening asso-
ciated injuries, or they may present as isolated injuries in 
otherwise medically stable patients amenable to workup in 

an urgent/expedited outpatient setting, which is the focus of 
this chapter. The differential diagnosis often includes hip dis-
location, which is discussed in detail later in this chapter.

41.2.5  Physical Examination

Gait Most patients with proximal femur or acetabular frac-
tures are not able to bear weight through the affected extrem-
ity and may present in an outpatient setting using an assistive 
device [20].

Visual observation In the case of displaced fractures, the 
affected limb is often shortened and externally rotated com-
pared to the contralateral limb. There may be no obvious 
deformity in the case of nondisplaced fractures [20]. 
Additionally, ecchymosis is rarely present initially, but in 
cases of delayed presentation, it may appear in various distri-
butions, including scrotal hematoma.

Palpation The deep structures of the proximal femur and 
acetabulum are not accessible by palpatory examination. 
However, the greater trochanter and other more superficial 
bony anatomy of the pelvic ring should be palpated for pain 
and/or crepitus. Additionally, palpation of the femoral, pos-
terior tibial, and dorsalis pedis pulses, along with distal cap-
illary refill, is mandatory to evaluate for possible associated 
vascular injury [20].

Range of motion (ROM) Hip ROM is typically limited by 
pain in all planes in the setting of proximal femoral or ace-
tabular fractures.

Sensory testing Light touch should be tested in bilateral 
lower extremities throughout the L1-S1 dermatomes with 
special attention to the sciatic nerve distribution as this nerve 
can be injured in the case of displaced proximal femur and 
especially acetabular fractures.

Deep tendon reflexes The following lower extremity reflexes 
should be tested bilaterally as feasible based on patient posi-
tioning and pain: patellar tendon (L2-L4, L4 primary), ham-
string tendon (L5), and Achilles tendon (S1).

Motor testing Manual muscle testing should be performed 
for L2-S1 myotomes, though often pain inhibition is present 
when testing more proximal muscle groups, especially those 
that cross the hip joint. As above, special attention should be 
paid to sciatic-innervated muscle groups, including knee 
flexors (tibial portion), ankle plantar flexors (tibial portion), 
and ankle dorsiflexors and evertors (fibular portion).

Fig. 41.3 Regions of intra-capsular femoral neck (FN, red) and extra- 
capsular intertrochanteric (IT, blue) and subtrochanteric (ST, yellow) 
hip fractures
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Joint testing Comprehensive musculoskeletal examination 
and screening of all joints including the spine are warranted 
to evaluate for possible associated traumatic injuries.

Special maneuvers Patients are often unable to tolerate 
exam maneuvers such as the log roll or straight leg raise due 
to pain in the setting of fracture [20].

41.2.6  Diagnostic Workup

X-ray Plain radiographs of the hips and pelvis should be 
obtained immediately in the case of suspected proximal 
femur or acetabular fracture with cross-table lateral and non- 
weight- bearing anteroposterior (AP) pelvis and Judet views 
[11]. These views can also assess hip dislocation as part of 
the differential diagnosis. If radiographs are negative, the 
patient should remain non-weight-bearing until further 
definitive diagnostic studies can be completed.

MRI In the case of negative radiographs, MRI is an appro-
priate test for further diagnostic evaluation and may reveal 
occult fracture or contusion with associated bone marrow 
edema, especially involving the trabecular bone, which may 
not be detected on computed tomography (CT) [11]. It may 
also reveal joint effusion, hemarthrosis, loose bodies, and 
labral, capsular, chondral, or ligamentum teres injuries. It is 
the diagnostic test of choice for associated soft tissue injuries 
as discussed in other chapters.

CT CT is also appropriate in the case of normal radiographs 
and can reveal more subtle cortical fractures and loose bod-
ies and can assist with pre-operative planning [11].

41.2.7  Treatment

41.2.7.1  Medical Management
In the case of suspected proximal femur or acetabular frac-
ture, the patient should remain non-weight-bearing until a 
definitive diagnosis is made. If the treating clinician is man-
aging the patient in the field in the case of an injured athlete, 
the patient should be promptly transported to an emergency 
facility for expedited diagnosis and treatment of potential 
fracture. Multimodal pain management strategies can be uti-
lized with consideration for avoidance of non-steroidal anti- 
inflammatories as described above.

41.2.7.2  Rehabilitation
Non-operative management and rehabilitation may be 
achieved in the case of nondisplaced or minimally displaced 
acetabular fractures that are stable for weight-bearing as 
determined by a surgeon. In general, 6–8 weeks of protected 

weight-bearing as tolerated with the use of crutches or a 
walker is recommended, along with physical therapy focused 
on core and gluteal strengthening and gait/mobility training, 
followed by a graduated increase in activity.

41.2.7.3  Procedures
Procedures are generally not required for the treatment of 
traumatic fractures.

41.2.7.4  Surgery
Surgical management is generally required for all traumatic 
femoral neck, intertrochanteric, and subtrochanteric frac-
tures regardless of age, though approach may vary signifi-
cantly based on patient-specific factors. Displaced acetabular 
fractures or those unstable for weight-bearing are also man-
aged operatively. Specific surgical considerations, recom-
mended approaches, and goals of post-operative rehabilitation 
are discussed in Chap. 42.

41.3  Hip Dislocations

41.3.1  Synonyms

Femoroacetabular dislocation/subluxation

41.3.2  ICD-10 Code

S73.0

41.3.3  Description

Anatomy The inherent stability of the hip as a true ball-and- 
socket joint makes dislocation rare. Additional supportive 
soft tissue structures include the labrum, capsule, reinforcing 
capsular ligaments including the iliofemoral (Y ligament of 
Bigelow), ischiofemoral, and pubofemoral ligaments, and 
the surrounding musculature. When dislocation does occur, 
there is a high risk for associated femoral and acetabular 
fractures, chondral, labral, and capsular injuries, and disrup-
tion of blood supply to the femoral head primarily from 
injury to the deep branch of the medial femoral circumflex 
artery leading to osteonecrosis.

Hip dislocations and subluxations occur infrequently and 
typically in the setting of high-velocity trauma. Thus, there is 
a high incidence of polytrauma in patients with hip disloca-
tions, and concomitant acetabular fractures are described in 
70% of cases [21]. The vast majority of hip dislocations 
occur posteriorly (Fig. 41.4), while only 10% or less occur 
anteriorly [21]. Motor vehicle accidents account for nearly 
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all posterior hip dislocations, but a small percentage occur as 
a result of sport-related injuries or falls from height [21]. In 
the NFL, dislocations or subluxations account for just over 
1% of hip injuries but result in the greatest time lost from 
sport at 126 days [19].

The mechanism of injury for posterior hip dislocations is 
most commonly a posteriorly directed axial load through a 
flexed, adducted, and internally rotated hip, often with a 
flexed knee, as is the case in a classic dashboard injury or fall 
during a tackle [19, 21]. Significant complications are asso-
ciated with hip dislocations, including osteonecrosis of the 
femoral head, post-traumatic osteoarthritis, sciatic nerve 
injury, and heterotopic ossification [21].

41.3.4  Clinical Presentation

Patients with hip dislocations typically present with hip 
region pain, deformity, and inability to bear weight after 
trauma. Presentation can be similar to that of hip fractures, 
which may be concomitant, and polytrauma is common as 
previously discussed. Emergency assessment with initiation 
of advanced trauma life support (ATLS) is indicated in some 
scenarios, but the focus of this chapter is on medically stable 
patients with isolated hip injury.

41.3.5  Physical Examination

Gait Patients with hip dislocation are not generally able to 
bear weight through the affected limb and may present in an 
outpatient setting using an assistive device.

Visual observation For posterior hip dislocations, the 
affected limb is shortened compared to the contralateral side 
with the hip classically flexed, adducted, internally rotated. 
For anterior dislocations, the hip is classically in an extended, 
abducted, and externally rotated position [21].

Palpation There may be a palpable femoral head in the but-
tock region or the femoral triangle region based on direction 
of dislocation. Palpation of other bony anatomy and vascular 
examination must be completed as discussed in the hip frac-
ture section.

Range of motion (ROM) Hip ROM is typically limited by 
pain in all planes with dislocation.

Sensory testing Light touch should be tested in bilateral 
L1-S1 dermatomes with special attention to the sciatic and 
femoral nerve distributions given risk for injury or impinge-
ment with posterior and anterior hip dislocations, 
respectively.

Deep tendon reflexes The following lower extremity reflexes 
should be tested bilaterally as feasible based on patient 
 positioning and pain: patellar tendon (L2-L4, L4 primary), 
hamstring tendon (L5), and Achilles tendon (S1).

Motor testing Manual muscle testing should be performed 
for L2-S1 myotomes, though often pain inhibition is present, 
especially when testing proximal muscle groups that cross 
the hip joint. Special attention should be paid to sciatic- 
innervated muscle groups as described above for hip frac-
tures, as well as femoral-innervated muscle groups including 
knee extensors.

Joint testing Comprehensive musculoskeletal examination 
and screening of all joints including the spine are warranted 
to evaluate for possible associated traumatic injuries.

Special maneuvers Patients are often unable to tolerate 
exam maneuvers such as the log roll or straight leg raise in 
the case of hip dislocation.

41.3.6  Diagnostic Workup

X-ray Plain radiographs of the hips and pelvis should be 
obtained immediately for suspected hip dislocation and are 
diagnostic (Fig.  41.5). Typical views are the same as 
described for hip fractures as above.

MRI, CT Post-reduction, advanced imaging with CT and/or 
MRI may reveal concomitant injuries or assist with pre- 
operative planning as previously described for hip fractures. 
Hip fractures associated with dislocation are most commonly 

Fig. 41.4 AP radiograph reveals posterior dislocation of the right fem-
oral head and likely intra-articular fracture fragment, possibly arising 
from the posterior acetabulum
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located at the superior femoral head or posterior acetabular 
lip. Associated capsular ligament injuries most commonly 
involve the femoral attachment of the iliofemoral ligament or 
the ischiofemoral ligament [11]. MRI should be considered 
4–6 weeks post-dislocation to assess for early evidence of 
osteonecrosis with consideration of repeat MRI at 3 months 
for those with evidence of signal change in the marrow of the 
femoral head, earlier in the case of progressive pain [11, 22].

41.3.7  Treatment

41.3.7.1  Medical Management
In the case of suspected hip dislocation, the patient should 
remain non-weight-bearing until a definitive diagnosis is 
made. If the clinician is managing the patient in the field in 
the case of an injured athlete, the patient should be promptly 
transported to an emergency facility for expedited radio-
graphic diagnosis, joint reduction with sedation, and post- 
reduction radiographs. Reduction within 6 hours decreases 
the risk for AVN [22]. If transport to an emergency facility 
could take longer than 6 hours or if the clinician is experi-
enced, an attempt at immediate reduction can be made, 
keeping in mind the risk for further injury or pain espe-

cially in the setting of concomitant fracture. A variety of 
reduction techniques are described. Commonly for poste-
rior dislocations, the clinician stands over the supine ath-
lete, flexes the ipsilateral knee to 90°, and applies axial 
traction to the hip joint. An assistant is often needed to pro-
vide downward countertraction at the bilateral anterior iliac 
spines [22]. Multimodal pain management strategies should 
be utilized as previously described above. If closed reduc-
tion cannot be achieved, open surgical reduction may be 
necessary.

41.3.7.2  Rehabilitation
In the case of successful closed reduction, touch-down 
weight-bearing for a minimum of 4 weeks followed by pro-
gressive weight-bearing as tolerated is commonly recom-
mended but may vary based on concomitant injuries. A 
physical therapy course focused on ROM, core and gluteal 
strengthening, and gait/mobility training should be initiated, 
followed by graduated return to activity/sport once full ROM 
and strength are achieved, along with no evidence of AVN on 
repeat imaging as discussed above [22].

41.3.7.3  Procedures
Procedures are generally not required for the treatment of hip 
dislocations, though ultrasound-guided femoral or fascia ili-

a b

Fig. 41.5 Standing AP pelvis (a) and elongated femoral neck (b) radiographs demonstrating severe left hip osteoarthritis with associated severe 
joint space narrowing, osteophyte formation, subchondral sclerosis and cysts, and deformity of the femoral head
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aca nerve blocks may be utilized to provide regional anesthe-
sia to facilitate closed reduction techniques.

41.3.7.4  Surgery
Open reduction is indicated when closed reduction cannot be 
achieved. Additionally, operative management of associated 
injuries, including fractures or intra-articular loose bodies, 
may be required. Specific surgical considerations and post- 
operative management are discussed in detail in Chap. 42.
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Hip Surgeries

John Stelmach, Jomar Aryee, Chandler Berke, 
Steven Mennona, and Alfred J. Tria Jr

42.1  Femoroacetabular Impingement

Femoroacetabular impingement (FAI) is defined as an abnor-
mal interface between the proximal femur and the acetabu-
lum causing pain and articular degeneration [1]. FAI causing 
pain and activity limitation that is refractory to NSAIDs, 
injections, and physical therapy may be treated with 
surgery.

42.1.1  Operation

Options for treatment include arthroscopic debridement, 
osteoplasty, and in some cases labral repair. Arthroscopy 
allows the abnormal joint lesions, most commonly referred 
to as cam and pincer lesions, to be visualized. An osteoplasty 
is performed with a high-speed burr to remove the bone and 
recontour an optimal articular interface. In addition to bone 
resurfacing, labral tears are often present. Any damaged 
labral tissue may either be removed or be repaired depending 
on its viability. If the tissue is removed, the patient can gen-
erally bear weight as tolerated soon after the procedure. If it 
is repaired, the patient should be kept toe-touch weight- 
bearing for 4–6 weeks to allow for biological healing. Hip 
arthroscopy with osteoplasty has surpassed open hip disloca-
tion and osteoplasty as the gold standard for the management 
of FAI [2].

42.1.2  Rehabilitation

At present, no universally agreed-upon protocol exists for 
post arthroscopic FAI rehabilitation, but there are some com-
mon principles across various protocols. Patients who 
undergo arthroscopic osteoplasty require a period of pro-
tected weight-bearing, up to six weeks, and are encouraged 
to perform early passive range of motion (PROM) exercises 
to limit stiffness [3]. As weight-bearing and range of motion 
advances, muscular strengthening is added to the rehabilita-
tion protocol. Rehab progresses from submaximal isometric 
hip, thigh, and abdominal muscle exercises to resisted and 
eccentric exercises with a focus on the gluteal muscles (par-
ticularly gluteus medius) [4].

42.2  Hip Labral Tears

42.2.1  Operation

Surgery is indicated to repair labral tears when conservative 
measures do not control the patient’s symptoms or when 
functional limitations are unsatisfactory. While the most 
common cause of labral tears is FAI, they may also be trau-
matic in etiology (i.e., hip dislocation, acetabulum fracture). 
If tears are not repairable, the labrum is removed with full 
weight-bearing as tolerated afterward. Labral tears are most 
commonly repaired through the use of arthroscopy with the 
use of bio-absorbable or permanent anchors. In some cases, 
articular cartilage damage is also present along with the 
labral tear. These are classified as chondral defects and are 
treated with microfracture. Multiple small holes are made in 
the defect to incite an inflammatory and healing response. 
Fibrocartilage ideally fills the defect and re-establishes the 
articular surface [5]. After microfracture, non-weight- 
bearing or toe-touch ambulation is necessary for at least 
3–6  weeks to allow for the initial stages of fibrocartilage 
formation.
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42.2.2  Rehabilitation

Rehabilitation protocols following acetabular debridement 
or repair focus on progressive range of motion (ROM) and 
soft tissue flexibility with strengthening in the later phases. 
Most of the acetabular defects are located anterior or antero- 
superiorly, thus limiting movements that stress this area. 
Initially, weight-bearing is limited to 50% for 7–10 days pro-
gressing to weight-bearing as tolerated for debridement. 
Labral repair patients are limited to toe-touch weight- bearing 
for 3–6 weeks. If the surgery involves additional procedures, 
such as microfracture, the weight-bearing restrictions can 
increase to 6 weeks. Early ROM is encouraged avoiding flex-
ion and internal rotation of the hip to limit strain on the labral 
repair [6].

42.3  Hip Dysplasia

42.3.1  Operation

Adult dysplasia of the hip refers to an abnormal anatomi-
cal relationship of the acetabulum and the femoral head, 
most commonly resulting in a shallow acetabulum with 
decreased coverage. Treatment for this condition varies 
depending on severity of the deformity, patient age, and 
degree of joint damage or arthritis resulting from the 
deformity. Young patients may undergo pelvic osteotomy 
to rotate the acetabulum and increase femoral head 
coverage.

42.3.2  Rehabilitation

After surgery, protected weight-bearing is necessary for 
6–8 weeks. Older patients with advanced arthritis typically 
undergo total hip arthroplasty (THA) with immediate post-
operative weight-bearing.

42.4  Hip Osteoarthritis

The most common surgical treatment for persistent osteo-
arthritic pain is THA. Pelvic osteotomy and hip resurfac-
ing may be performed in the early stages of disease for 
temporary relief. Younger patients and those who wish to 
preserve their native hip may look to these procedures  
for relief. Outcomes are enhanced when the procedure is 
performed soon after a failed course of conservative  
therapy [7].

42.4.1  Total Hip Arthroplasty

THA includes femoral head resection and acetabular ream-
ing. The components can be a combination of metal, plastic, 
or ceramic and are fixated with or without cement. The com-
mon surgical approaches to THA include the posterior, direct 
anterior, direct lateral, and anterolateral [8]. The main goal 
of elective arthroplasty is early ambulation combined with 
adequate analgesia to allow the patient to be safely and rap-
idly discharged and minimize thromboembolic events. 
Weight-bearing after THA is supported for both cemented 
and cementless fixations [8]. All approaches have unique 
characteristics but should allow the patient to bear weight as 
tolerated immediately after surgery unless there is an adverse 
intra-operative event reported by the surgeon.

• The posterior approach: It has been the most approach 
and is associated with some increased risk of posterior 
dislocation and sciatic nerve palsy. Rehabilitation should 
avoid hip flexion and internal rotation for that reason. 
Stair climbing should be carefully monitored and sitting 
in a deep-seated chair should be avoided. The anterior 
approach has a higher risk of intraoperative femoral shaft 
fracture and anterior thigh numbness. Hip extension and 
external rotation may provoke an anterior dislocation; 
however, this is very rare.

• Anterior approach: The anterior approach to the hip is a 
safe, muscle-sparing, and fully extensible approach offer-
ing potentially great short- and medium-term advantages 
in total hip arthroplasty patient. Complications may 
include lateral femoral cutaneous nerve injury, and femo-
ral fractures are more common in this approach as com-
pared to posterior approach. The anterior approach 
operative time is longer but has a shorter time to discharge 
and a greater percentage of home discharge [9].

• The lateral and anterolateral approaches: It has a very 
low dislocation rate but carries a risk of abductor weak-
ness. Physical therapy is started immediately after surgery 
for all approaches and continues for 4–6 weeks.

42.4.2  Pelvic Osteotomy

Pelvic osteotomy, or peri-acetabular osteotomy (PAO), 
includes multiple bone cuts around the acetabulum so that 
the articular surface can be rotated around the femoral head 
to change the contour and the coverage. Peri-acetabular oste-
otomy is indicated for the treatment of residual hip dysplasia 
to improve joint mechanics and can be classified as either 
reconstructive or salvage procedures. In some cases, the pos-
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terior column of the pelvis is preserved, and the patient may 
be weight-bearing as tolerated after surgery. If the posterior 
column is osteotomized during surgery, the patient will be 
toe-touch weight-bearing for a period of 6–8 weeks. The risk 
of dislocation after pelvic osteotomy is low and rarely 
requires precautions. Pelvic osteotomies are indicated for the 
pre-arthritic or mildly arthritic acetabulum or femoral head, 
whereas salvage procedures (including THA) are indicated 
for patients with established osteoarthritis and/or an incon-
gruent hip joint that is less amenable to reorientation of the 
acetabulum [10].

42.4.3  Hip Resurfacing

Hip resurfacing is an alternative to THA and includes the 
young, active male with a sufficiently large femoral head 
size [11]. The femoral neck and some bone stock in the 
 femoral head are preserved, while the outer cortex of the 
femoral head and the acetabulum are resurfaced. A metal-on-
metal interface replaces the articular surface and weight-
bearing as tolerated is allowed right after the procedure. 
Although rare, stress fractures of the femoral neck have been 
encountered within a year of surgery. Unexplained onset of 
pain with ambulation should bring this to mind.

42.5  Hip Dislocation

Ninety percent of all hip dislocations are posterior; how-
ever, they can occur in all four directions (anterior, poste-
rior, superior, and inferior). The initial treatment is 
emergent closed reduction to decrease the rate of avascular 
necrosis of the femoral head [12]. Examination under 
anesthesia is sometimes performed after reduction to 
assess the stability of the hip joint. X-rays and CT scans 
should confirm concentric reduction without evidence of 
fracture or any intra-articular loose body.19 In the stable 
simple dislocation, toe-touch weight-bearing is recom-
mended for the first four weeks followed by progressive 
weight-bearing as tolerated [13].

Complex dislocations involving fracture of either the 
femoral head or the acetabulum are initially closed reduced 
pending the definitive surgical intervention. While waiting 
for the appropriate medical clearances, the reduction may 
require traction. The femoral head fractures require either 
open reduction and internal fixation (ORIF) or arthroplasty 
depending upon the configuration. After an ORIF, ROM can 
be started immediately with non-weight-bearing ambulation 
for 6–8 weeks until there is proper evidence of healing.21 The 
acetabular fractures are reviewed in the next section.

42.6  Hip Fractures

42.6.1  Femoral Neck Fracture

Operative management of proximal femoral fractures is based on 
patient activity level, anatomic location, and fracture displace-
ment. The goal of fixation of all hip fractures is expedited weight-
bearing as tolerated and ambulation. Anatomic reduction and 
internal fixation of femoral neck fractures are paramount in the 
younger patients to preserve the viability of the native hip. In the 
elderly, nondisplaced fractures of the neck of the femur may be 
treated with percutaneous internal fixation (Fig. 42.1), whereas 
displaced fractures require arthroplasty. The arthroplasty may 
replace the femoral head alone (hemiarthroplasty) or both the 
head and the acetabulum (THA) depending upon the degree of 
arthritic disease that is present. Severely displaced fractures of 
the femoral neck may require arthroplasty even in young patients 
if the viability of the femoral head is poor.

42.6.2  Intertrochanteric and Subtrochanteric 
Fracture

Injury at the intertrochanteric level or below in all age groups 
and activity levels is managed with percutaneous screw fixa-
tion, intramedullary nails (Fig. 42.2), or plate and screw fixa-

Fig. 42.1 Internal fixation of femoral neck fracture with cannulated 
screws. (Synthes 7.3  mm Cannulated Screws, Johnson and Johnson 
Medical Devices, West Chester, PA)
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tion (Fig. 42.3) [14]. Immediate full weight-bearing is started 
if the construct is surgically stable. The rehabilitation of 
elderly hip fracture patients is highly challenging and 
extremely important to short- and long-term function of 
these individuals.

42.6.3  Acetabular Fracture

The majority of the weight-bearing surface of the acetabu-
lum is located in the superolateral and posterior aspect of the 
dome. Fractures of the articular surface occur as a result of 
both high-energy mechanisms in young individuals and low- 
energy falls in osteoporotic patients. Goals of both operative 
and non-operative treatment include restoration of the articu-
lar surface, early ROM, and weight-bearing once bony heal-
ing has occurred. Acetabular fractures may be treated 
conservatively if the articular surface is well aligned and 
stable for weight-bearing ambulation. If an ORIF is required 
(Fig. 42.4), partial weight-bearing is necessary for the first 
3 months [15]. Early ROM and core strengthening exercises 
can be started immediately after either approach.

Fig. 42.2 Open reduction and internal fixation of intertrochanteric hip 
fracture with cephalomedullary nail. (Smith and Nephew Intertan™. 
Smith and Nephew, Memphis Tennessee.)

Fig. 42.3 Screw and side plate fixation for an intertrochanteric frac-
ture. (Smith and Nephew, Compression Hip Screw™, Memphis, 
Tennessee.)

Fig. 42.4 Open reduction and internal fixation of a posterior wall ace-
tabulum fracture via posterior approach. (Synthes 3.5 mm reconstruc-
tion pelvic plates, Johnson and Johnson Medical Devices, West Chester, 
PA.)
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Knee Disorder: Intra-Articular

Jennifer Soo Hoo, Gerard D’Onofrio, and Gisela Figueroa

43.1  ACL and PCL Injuries

43.1.1  Synonyms

• ACL tear
• ACL sprain
• PCL tear
• PCL sprain

43.1.2  ICD-10 Codes

S83.51–S83.52

43.1.3  Description

Injury to the anterior cruciate ligament (ACL) is one of the 
most common knee ligament injuries in sports. Injury to this 
ligament can span from sprain, partial tear, to complete rup-
ture. In contrast, isolated injury to the posterior cruciate liga-
ment (PCL) is uncommon and can be easily missed on 
physical examination.

Anatomy
• ACL: The ACL is a collagenous structure and spans from 

the medial wall of the lateral femoral condyle and crosses 
anteromedially to attach on the anterior aspect of the tib-
ial articular surface. Its primary function is to act as a 
static stabilizer of the knee by resisting hyper extension, 

anterior tibial translation, and knee rotatory movements. 
It consists of two bundles: the anteromedial (AM) and 
posterolateral (PL), each identified by their relative inser-
tion on the tibia. The anteromedial bundle tightens in flex-
ion and the posterolateral bundle tightens in full extension. 
It has been shown that forces on the ACL are the greatest 
when knee is flexed about 30°. The main blood supply of 
the ACL is provided by a branch of the popliteal artery, 
middle genicular artery. Innervation comes from the 
branches of the tibial nerve including posterior articular 
nerve, which help aid in knee proprioception.

• PCL: The PCL is the other major intra-articular ligament 
of the knee. It spans from the anterolateral aspect of the 
medial femoral condyle and inserts on a depression on the 
posterior aspect of tibial plateau. The PCL is also com-
posed of two bundles, the larger anterolateral bundle 
(ALB) and the smaller posteromedial bundle (PMB), 
which are best identified at their femoral locations. The 
PCL’s primary function is to act as a stabilizer to posterior 
tibial translation in addition to secondary restraint to rota-
tion, particularly between 90° and 120° of flexion. The 
PCL bears the most tension at 90° of flexion. The PCL 
shares neurovascular supply with ACL.  Of note, the 
meniscofemoral ligaments (MFLs) are also associated 
with the bundles of the PCL in the majority of the popula-
tion [1].

43.1.4  Clinical Presentation

ACL Injury
The classic presentation of an ACL injury is from a non- 
contact mechanism (70–80% cases) such as landing from a 
jump while cutting or a sudden deceleration in sports such as 
football, soccer, basketball, or alpine skiing. One such mech-
anism includes landing with an extended hip and knee, the 
knee in valgus, internal rotation of the tibia, and a pronated 
foot. In contact or traumatic injuries to the ACL, injuries are 
frequently associated with forceful valgus stress and usually 
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involve injury to other structures of the knee [2]. There has 
been a lot of research looking at the risk factors associated 
with ACL injury and the risk of injury is likely multifactorial 
in nature (see Table 43.1) [3, 4]. Patients often report imme-
diate pain and instability after landing or cutting. It is often 
quite common for patients to report a “pop” and immediate 
swelling/hemarthrosis. It is also common to see a concomi-
tant MCL and lateral meniscus injury as well. Athletes are 
typically not able to return to play after injury and have 
immediate difficulty weight-bearing.

PCL Injury
The classic presentation of PCL injury is either a posteriorly 
directed force to the anterior proximal tibia or knee hyper-
flexion with plantar flexion of the foot. Examples include the 
commonly seen “dashboard injury” in motor vehicle acci-
dents where the proximal tibia hits the dashboard and is 
pushed posteriorly or sports injury where the athlete falls 
directly on their knee with their foot in plantar flexion. In 
other scenarios with hyperextension/hyperflexion or rota-
tional injuries with varus/valgus stress, the PCL can be 
injured along with other structures of the knee. In contrast to 
ACL injuries, most patients do not report having felt or heard 
a “pop.” It’s also helpful to determine if the tear is acute or 
chronic as that will help management. As isolated PCL inju-
ries are rare, it is important to determine if the PCL injury is 
part of a multi-ligament injury. Multi-ligament injuries usu-
ally have more swelling and instability [5].

43.1.5  Physical Examination

ACL Injury
A thorough history and physical exam are important when 
evaluating for a possible ACL injury. In acute presentation, a 
large effusion is commonly seen. Range of motion testing is 
often limited due to pain and guarding. Most common spe-

cial tests used to evaluate include Lachman test, pivot shift 
test, and anterior drawer test.

Lachman TestThis test has the highest sensitivity and 
specificity for diagnosing ACL injury. The patient lays 
supine with the quadriceps relaxed and the knee placed in 
30° flexion. The examiner stabilizes the femur/thigh with 
one hand and grasps patient’s posterior aspect of proximal 
tibia and applies an anteriorly directed force. Increased ante-
rior tibial translation with a soft endpoint compared to con-
tralateral side indicates ACL injury [6, 7].

Anterior Drawer TestThis test is not as sensitive or spe-
cific as the Lachman test but can help evaluate chronic ACL 
injury. The patient is supine with the hip flexed to about 45°, 
the knee flexed to about 90°, and the lower leg in neutral 
position with the foot resting on the table. The examiner sta-
bilizes the patient’s foot with their thigh and places both 
hands behind the proximal tibia with the thumbs on the tibial 
plateau. The examiner then applies an anteriorly directed 
force to the proximal tibia and evaluates the amount of tibial 
translation. The amount of tibial translation on the injured 
side compared to the uninjured contralateral knee is com-
pared, and increased anterior tibial displacement in side-to- 
side comparison is indicative of ACL injury [6, 7].

Pivot Shift TestThis test can help identify rotational insta-
bility. This test is performed with the patient in supine posi-
tion. The examiner grasps the heel of the involved extremity 
and internally rotates the knee and flexes the knee from full 
extension while using the other hand to apply valgus stress 
on the lateral side of proximal tibia. A positive test occurs 
when there is a sudden reduction in the anteriorly subluxed 
lateral tibial plateau beneath the lateral femoral condyle at 
about 30–40 degrees of flexion. This test has low sensitivity 
and is hard to perform in acute settings due to patient guard-
ing [6, 7].

PCL Injury
A thorough history and physical exam are also important 
when evaluating for possible PCL injury. A complete neuro-
vascular exam should also be completed. Physical exam may 
be difficult because of pain and swelling. On an acute exam, 
there may be swelling of the knee especially if it is part of 
multi-ligamentous injury. Bruising can point to a mechanism 
of injury (i.e., if there is bruising on tibial tuberosity from car 
accident). It is also important to evaluate for posterolateral 
corner (PLC) injury, which is commonly missed (see extraar-
ticular knee disorders). Sometimes, a hematoma can be seen 
in the posterior knee from PCL tear. Range of motion testing 
can be restricted in acute settings due to pain and swelling. 
Most common special tests used to evaluate include poste-
rior drawer test, posterior sag test, and quadriceps active test.

Posterior Drawer testThis is the most accurate test to 
assess PCL integrity. This test is performed in the same 

Table 43.1 Risk factors for ACL injury

Modifiable intrinsic
Modifiable 
extrinsic

Non-modifiable 
intrinsic

Body mass index Equipment 
(footwear)

Gender (female)

Biomechanical & 
neuromuscular weakness

Playing surface 
(artificial turf)

Prior ACL injury

Pre-ovulatory phase of 
menstrual cycle in females 
not using oral contraceptives

Weather 
condition (dry 
condition)

Ligamentous laxity

Fatigue/conditioning Type of sport Tibial geometry
Decreased relative hamstring 
to quadriceps strength

Small and narrow 
intercondylar notch 
width

Decreased core strength and 
proprioception

Genetics
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position as the anterior drawer test with the patient laying 
supine and knee flexed to 90 degrees, with the examiner 
stabilizing the foot on table. The examiner is applying pos-
teriorly directed force on the proximal tibia and evaluating 
the amount of tibial translation compared to the contralat-
eral side and if a characteristic endpoint is seen. Of note, it 
is important to place the tibia in an anatomical neutral posi-
tion before testing (normally the tibial plateau should be 
more than 1  cm anterior to the medial femoral condyle). 
The  grading system is as follows: grade 1 (0–5  mm 
increased posterior tibial translation), grade 2 (6–10  mm 
increase translation), and grade 3 (more than 10 mm trans-
lation) [5, 8].

Posterior Sag TestThe test is performed with the patient 
laying in supine with the examiner maintaining the hip and 
knee in 90° of flexion as the examiner holds the ankle/heel. 
This test is considered positive if the tibia sags down/poste-
riorly on the femur [5].

Quadriceps Active TestThe test is performed with the 
examiner holding the knee in 90 degrees of flexion and stabi-
lizing the foot. The patient is asked to contract their quadri-
ceps muscle, and if it results in anterior translation of the 
tibia, this indicates PCL injury [5].

Dial TestThis test can help diagnose combined PCL and 
PLC injuries. The test is performed with the patient posi-
tioned prone. The examiner then provides an external rota-
tion force to both feet with the knees at 30° and then 90° of 
flexion. A side-to-side comparison difference of 10 ° or more 
is considered abnormal. Increased external rotation at 30° of 
knee flexion only indicates an isolated PLC injury, while 
increased external rotation at both 30° and 90° of knee flex-
ion suggests a combined PCL and PLC injury [8].

43.1.6  Diagnostic Workup

ACL Injury
X-ray: In any acute injury, an anteroposterior (AP) and lat-
eral X-ray is indicated to rule out any fracture or associated 
injuries. Two common X-ray findings that are commonly 
found in ACL injuries include tibial eminence fracture and 
Segond fracture, an avulsion fracture of the lateral capsule 
from the tibial plateau. In most cases, X-rays are normal 
aside from showing large effusion [2].

Magnetic resonance imaging (MRI): It is the gold stan-
dard for diagnosing ACL injury and any other concomitant 
ligamentous or meniscal injury that may be present. Adding 
oblique coronal and sagittal views that allow full-length 
views of ACL in one frame has helped increase accuracy of 
finding ACL injury on MRI. In most cases, there is character-
istic bone bruise on the central lateral femoral condyle and 
posterior lateral tibial plateau [2].

PCL Injury
X-ray: Similar to ACL injuries, any acute knee injury should 
be evaluated with standard AP and lateral X-ray. They can be 
evaluated for posterior tibial subluxation and any fractures. 
A reverse-type second fracture, which is a cortical avulsion 
fracture off the medial tibial plateau, can also be seen with 
PCL tears. Stress views (anteroposterior and varus/valgus) 
can also be done to assess PCL and posterolateral corner lax-
ity [5].

MRI: It is the gold standard for diagnosing PCL injuries. 
The PCL is best visualized in the sagittal plane but can also 
be seen on coronal and transverse views. In the case of iso-
lated PCL tear, one study showed 69% occur in mid- 
substance and 27% occur proximally. A concomitant bone 
bruise is typically seen on anterior tibia [5].

43.1.7  Treatments

Medical Management
First-line treatment includes resting, icing, and elevating the 
leg to get the swelling to decrease. If tolerated, taking short- 
term anti-inflammatory medication (NSAIDs) can help 
decrease pain and swelling. Some patients may need crutches 
for the first 1–2 weeks or a brace to help stabilize the knee. 
For isolated PCL grade 1 or 2 injuries, protected weight- 
bearing in a knee extension brace is followed by 
rehabilitation.

Rehabilitation

• ACL Injury Rehab
Whether conservative treatment is indicated depends 

on the extent of injury (partial or full tear) and what level 
of activity that patients would like to return to. Those with 
partial ACL tears can be managed conservatively. For 
those with complete ACL rupture, the current best avail-
able evidence does not indicate that an individual is at a 
greater risk of subsequent injury if they are managed with 
rehabilitation vs. ACL repair. Clinicians should suggest a 
period of rehabilitation before surgical decision-making 
for most patients with ACL rupture. There are many stud-
ies that found that pre-operative rehabilitation improves 
post-surgical outcomes in those who go on to have an 
ACL repair. Those who have functional instability after 
rehabilitation are likely to benefit from ACL repair [9].

Physical therapy plays a key role in the rehabilitation 
of ACL injuries. In cases where surgery is being delayed 
or being managed nonoperatively, patients undergo exer-
cise therapy programs or pre-habilitation, which has been 
found to improve knee function early post injury and 
2 years after ACL reconstruction [10, 11]. The goals of 
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nonoperative rehabilitation include decreased strain on 
ACL, decreased pain, edema management, improving 
range of motion and flexibility, increasing strength, 
improving balance and neuromuscular control, and plyo-
metric training [10]. Compression, elevation, and cryo-
therapy are used to decrease edema. Range of motion, 
especially knee extension, should be assessed due to 
increased risk for limited extension post ACL reconstruc-
tion [12]. Hamstring and gastrocnemius stretching can 
also improve knee extension range of motion. It is impor-
tant to make note that weight-bearing exercises produce 
smaller loads on the ACL compared to non-weight-bear-
ing exercises and the ACL is loaded less at higher knee 
ranges of motion such as 50°–100° [13]. Quadriceps 
strength needs to be assessed and carefully progressed in 
open and closed chain environment. A deficiency in quad-
riceps strength of >20% has a significantly negative result 
on self-reported outcome 2 years post ACL reconstruction 
[10]. Neuromuscular electrical stimulation can be used to 
increase quadriceps strength along with exercise [14]. 
Neuromuscular control training including stability, per-
turbations, and proprioception must also be incorporated 
due to impairments in joint position sense post injury [10, 
15]. Neuromuscular re-education can significantly 
decrease instability and improve knee function [16, 17]. 
Gait training is also incorporated due to compensatory 
patterns established due to pain and instability. Functional 
knee bracing may be useful in cases where there is ACL 
deficiency [18].

Clinical practice guidelines help guide the rehabilita-
tion post ACL reconstruction. Guidelines such as those 
published by the American Physical Therapy Association 
(APTA), Royal Dutch Society for Physical Therapy 
(KNGF), and Multicenter Orthopaedic Outcomes 
Network (MOON) have been recommended [19]. 
Although these guidelines vary, there is agreement in 
immediate knee mobilization, early full weight-bearing, 
early open and closed chain exercises, strength and neuro-
muscular training, cryotherapy, and neuromuscular elec-
trical stimulation. As range of motion and strengthening 
are progressed, the ACL must be protected during the 
healing process. The selection of exercises that limit 
strain on the ACL is important and should be based on the 
understanding that the ACL is under less physical load in 
the 50°–100° range of motion [13]. Continuous passive 
motion and functional bracing are not recommended [19].

• PCL Injury Rehab
Non-surgical treatment is advised for patients with iso-

lated grade 1 or 2 PCL injuries or those with grade 3 inju-
ries but have mild symptoms and only participating in 
low- demand activities [8].

• PCL injuries treated either nonoperatively or operatively 
require physical therapy intervention. There are no set 

guidelines for treatment of nonoperative PCL injuries. 
However, the initial goal of treatment is protecting the 
healing ligament and reestablishing normal tibiofemoral 
positioning through initial immobilization subsequently 
by dynamic/functional bracing [20, 21]. Edema can be 
controlled by ice, compression, and elevation. Range of 
motion limitations are initially restricted to avoid sheer-
ing forces and additional strain on the PCL. Knee range of 
motion should be performed in prone position during the 
first few weeks to limit hamstring activation and posterior 
tibial sag [13, 21]. Loading of the PCL occurs less at 
lower knee ranges of motion. Open kinetic chain range of 
motion should initially be limited from 50° to 0° and 
closed kinetic chain range of motion should be limited 
from 0° to 50° [13]. Manual technique such as patellar 
mobilizations is incorporated to improve patellofemoral 
mobility [20]. Strengthening focuses on the quadriceps 
[13, 20, 21]. Neuromuscular electrical stimulation can be 
used to improve quadriceps strength. As quadriceps 
strengthening increases, neuromuscular training is inte-
grated into the rehabilitation program to further improve 
knee stability and advance functional mobility over vari-
ous surfaces at various speeds. Gait training is also 
required during the progression of weight-bearing as tol-
erated to full weight-bearing in order to normalize gait 
pattern without assistive device.

There are no clinical practice guidelines for postopera-
tive PCL rehabilitation. However, most protocols maintain 
the knee locked in extension in a long brace for 3–6 weeks 
along with weight-bearing precautions set by the surgeon 
to limit stress on the reconstructed PCL [21]. An assistive 
device such as axillary crutches may be initially required. 
Edema management is controlled by ice, compression, 
and elevation. There is disparity into how long isolated 
hamstring activation should be avoided to limit strain on 
the healing PCL from 6 weeks to 5 months [20]. Strength 
training focuses on the quadriceps [20, 21]. Neuromuscular 
electrical stimulation can be used to improve quadriceps 
strength. Neuromuscular reeducation is incorporated at 
approximately 6–8 weeks post-surgery [20].

Procedures
Arthrocentesis of hemarthrosis can be therapeutic and help 
immediate pain. There is also growing evidence that that the 
components of the hemarthrosis can be toxic to the joint and 
can lead to destruction of the intra-articular cartilage and 
degenerative arthritis, so immediate removal is recom-
mended [22].

Surgery
• ACL Injury

High-level athletes wanting to return to cutting sports 
and those who continue to have functional instability after 
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rehabilitation are likely to benefit from ACL repair [9]. 
For more details, please see the chapter “Knee Surgeries.”

• PCL Injury
Those with grade 3 isolated PCL injuries who are 

involved in high-demand activities may benefit from sur-
gery. In addition, those who still have functional instabil-
ity despite conservative care or those with concomitant 
other ligamentous injuries or PLC injuries should have 
surgical evaluation. For more detail, please see chapter 
“Knee Surgeries.”

43.2  Meniscal Injuries

43.2.1  Synonyms

• Meniscus tear
• Semilunar cartilage injury

43.2.2  ICD-10 Codes

S83.2, M23.3

43.2.3  Description

Meniscal injuries (semilunar cartilage injury) are very com-
mon and a cause of significant musculoskeletal morbidity. 
The menisci are important for normal function and health of 
the knee joint. The menisci can be damaged either during 
sport or through degenerative process.

Anatomy
Each of the medial and lateral compartments of the knee has 
a meniscus located in between the femur and tibia. The 
menisci are crescent-shaped wedges of fibrocartilage and 
allow effective articulation between the concave femoral 
condyles and relatively flat tibial plateau. They cover about 
50–75% of the articular surface of the corresponding tibial 
plateau. The menisci function as load transmission from the 
soft tissue into the bone, decreasing the contact area, shock 
absorption, stability, nutrition, joint lubrication, and proprio-
ception. Both medial and lateral menisci have anterior and 
posterior horns that anchor to the underlying bone. The 
peripheral part of the meniscus (red zone) is thick and con-
vex and attaches to the knee joint capsule, while the central 
portion (white zone) is concave, thin, and unattached.

The medial meniscus is typically C-shaped and occupies 
approximately 60% of the articular contact area of the 
medial compartment. The posterior horn is significantly 
wider than the anterior horn. The anterior horn of meniscus 
attaches on the tibia anterior to the ACL, near the intercon-

dylar fossa. The posterior horn is attached immediately 
anterior to the attachment of the PCL. The peripheral border 
of the medial meniscus merges with the knee joint capsule. 
The medial meniscus is subject to greater forces than lateral 
meniscus.

The lateral meniscus is almost circular in shape and is 
smaller and more mobile compared to the medial meniscus. 
It occupies about 80% of the articular surface. The anterior 
horn of the lateral meniscus attaches to the intercondylar 
fossa adjacent to the ACL, and the posterior horn inserts to 
the PCL and medial femoral condyle. There are meniscal 
variants that can occur. The most common is discoid menis-
cus most commonly located in the lateral compartment.

Overall, the menisci are relatively avascular structures 
with limited peripheral blood supply. The medial and lateral 
inferior and middle geniculate arteries (branches of popliteal 
artery) supply each meniscus. Radial branches from a peri-
meniscal plexus supply the anterior and posterior horns. 
Limited blood supply to the peripheral 10–25% lateral 
meniscus and 10–30% medial meniscus has important impli-
cations for healing. The bulk of meniscus nutrition comes 
from synovial diffusion or mechanical motion, especially in 
the avascular portion. The menisci receive innervation via 
the recurrent peroneal branch of the common peroneal nerve. 
These fibers are found primarily in the peripheral vascular 
zone covering the outer third of the meniscus [23].

43.2.4  Clinical Presentation

Meniscal tears are a very common source of pain and dis-
ability in the knee. For traumatic meniscal tears, they occur 
most commonly in males between ages 21 and 30 years of 
age. These can be seen in a sporting activity (i.e., soccer, 
rugby, football) or non-sporting activity (repetitive squat-
ting). Medial meniscal tears are more common than lateral 
meniscal tears. Lateral meniscal tears occur most commonly 
in association with acute ACL tear. Its mechanism usually 
involves a twisting or shearing motion, with varus or valgus 
force directed on a flexed knee. Patients typically report tak-
ing a “wrong step.” Other common mechanisms include cut-
ting, deceleration, or landing from a jump. Acute traumatic 
meniscal tears can commonly occur with associated liga-
ment or articular surface injury [23].

Degenerative tears are seen most commonly in the 
fourth through sixth decade. Some may not even be able to 
identify a specific inciting event or injury. They usually 
reflect cumulative stress and correlate with the presence of 
associated chondromalacia. There is an increase incidence 
of meniscal tears with increasing age. After the third 
decade of life, degenerative changes start to diminish the 
elasticity and make the meniscus more vulnerable to 
injury. Common symptoms produced by these tears include 
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either medial or lateral knee pain and mild swelling. 
Immediate swelling is not frequently seen after isolated 
meniscal tear but could be present with a peripheral tear. A 
delayed effusion is more characteristic of this injury. 
Patients may experience “mechanical” symptoms such as 
locking, catching, grinding, or giving out. The frequency 
and severity of symptoms depend on the size and mobility 
of the meniscal tear [23].

43.2.5  Physical Examination

Full musculoskeletal examination is indicated in an acute 
knee injury. Commonly, the patient presents with an effusion 
and joint line tenderness. Patients often have an antalgic gait. 
Patients usually have full range of motion unless there is a 
displaced tear causing a mechanical block. They may have 
pain at end-range flexion or extension depending on where 
the tear is located. The most common special tests used to 
diagnose meniscal tears include McMurray test, Apley grind 
Test, and Thessaly test [24].

McMurray Test
This test helps detect occult tears of the posterior horns of the 
menisci. Patient is placed in a supine position with the knee 
fully flexed. The examiner then grabs the foot with one hand 
and steadies the knee with the other hand. To test for lateral 
meniscal tear, the tibia is rotated internally, and the knee is 
extended. To test for medial meniscal tear, the tibia is then 
externally rotated and extended. The test is considered posi-
tive if there is a palpable click or clunk but most commonly 
considered positive if it reproduces pain along the tested 
joint line. Of note, the test can only be performed when the 
patient has full knee flexion [24].

Apley Grind Test
The patient is positioned in the prone position for this test. 
The examiner flexes the patient’s knee to 90° and then rotates 
the tibial externally in neutral loaded position, distraction 
position, and then compression. Increased pain in compres-
sion comparatively indicates meniscal tear. To test the lateral 
meniscus, the same test can be performed in internal rota-
tion. In addition, a more acute knee flexion angle can help 
test the posterior horn [24].

Thessaly Test
The patient is asked to stand on the foot of the symptomatic 
side, which is fixed flat on the ground with the knee at a 
fixed angle (at first 5° and then at 20°). The patient then 
internally and externally rotates their body about three 
times. This should stress the meniscus. The test is consid-
ered positive with medial or lateral joint line discomfort or 
popping [24].

43.2.6  Diagnostic Workup

X-ray
All acute knee injury evaluation should include standing 
weight-bearing standard AP, posteroanterior at 45° 
(Rosenberg view), lateral, and merchant. These can be help-
ful to exclude bony pathologies and assess for the presence 
of degenerative changes [23].

MRI
MRI is the diagnostic modality of choice for evaluating the 
menisci with an accuracy range of 82–95%. The most com-
monly used sequences include spin-echo or fast spin-echo 
proton density with or without fat saturation, T1, and gradi-
ent echo. Radiologists will typically grade meniscal tears 
based on their appearance on MRI scan: grade 0 is normal, 
intact meniscus; grade I and grade II signals do not intersect 
superior or inferior articular surface of meniscus, but may 
represent meniscal degeneration; grade III signal intersects 
the superior and/or inferior articular surface of the meniscus 
and represents tear.

MRI can also be helpful to classify the type of meniscal 
tear by tear pattern. The main categories of meniscal tears 
include vertical longitudinal, radial (transverse), horizontal, 
complex (degenerative), and bucket-handle tears. 
Longitudinal, radial, and horizontal tears can progress to 
more complex tears. Degenerative tears occur gradually over 
time and are usually seen associated with osteoarthritis (OA). 
Extrusion of the meniscus can occur with certain tear types, 
particularly root tears and bucket-handle tears [25, 26].

43.2.7  Treatment

Medical Management
Initial nonoperative management is typically reserved for 
patients who do not have severely restricted range of motion, 
locking, or instability of the knee. After acute injury, man-
agement should include rest, ice, compression, and eleva-
tion. Patients can progress to full weight-bearing when 
tolerated [27].

Rehabilitation
Determination of conservative vs. surgical management 
depends on multiple factors including age, tear, type, activity 
intensity, instability, and response to treatment thus far. It is 
well established that peripheral meniscal tears can success-
fully heal without intervention, although poor intrinsic heal-
ing response is noted within the inner two-thirds of the 
meniscal tissue [27]. When meniscal function is compro-
mised due to injury, the biomechanics of the knee is thrown 
off. There is increased stress on the cartilage in the joint, 
which can lead to cartilage loss, bony changes, and OA pro-
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gression [26]. Multiple studies show that preservation of the 
meniscus is a first-line option given the multiple studies that 
show outcomes are worse after partial meniscectomy [28]. 
There have been multiple studies that show that outcomes 
after arthroscopic partial meniscectomy are no better than 
after conservative care.

Meniscal tears treated operatively or nonoperatively 
require physical therapy intervention. Clinical practice 
guidelines have been published through the American 
Physical Therapy Association (APTA), which help guide the 
rehabilitation process for both operative and nonoperative 
management of meniscal injury [29]. In patients with non- 
obstructive meniscal tears, physical therapy was found to be 
noninferior to arthroscopic partial meniscectomy for improv-
ing patient reported knee function over a 24-month follow-
 up period [30]. The goals of rehabilitation post meniscal 
injury are to decrease pain and edema, improve range of 
motion, increase strength, and improve balance. Rest, ice, 
compression, and elevation can control edema after acute 
injury. A 12-week exercise therapy program including neu-
romuscular and strength training should be considered for 
the rehabilitation of degenerative meniscal tears in middle- 
aged patients [31]. This 12-week program was found to 
increase quadriceps strength, improve lower extremity per-
formance, and have the ability to maintain function 1 year 
post intervention. Supervised progressive range of motion 
and strength training of the hips and knees and neuromuscu-
lar training should be incorporated in treatment post menis-
cal tears [29]. Modalities such as neuromuscular electrical 
stimulation may be used to assist in progression of quadri-
ceps strengthening. Aquatic therapy can be used as an adjunct 
to land-based therapy to improve strength and normalize 
gait. Progressive neuromuscular training over various sur-
faces along with unilateral concentric and eccentric strength-
ening exercises in both weight-bearing and 
non-weight-bearing environments should be included in the 
treatment plan [31].

There is no set protocol for postoperative rehabilitation of 
meniscal repairs [32]. However, there is agreement in early 
progressive weight-bearing and active and passive knee 
range of motion post meniscal surgery [29, 32]. Protecting 
the surgical site is suggested by limiting shearing and rota-
tional forces at the knee. Post meniscectomy, it is recom-
mended that a supervised in-clinic exercise program followed 
by progressive home program be a part of the treatment plan 
[29]. Guidelines published by the APTA suggest supervised 
progressive range of motion, strength training of the hips and 
knees, and neuromuscular training be incorporated to the 
treatment plan post meniscal surgery. Neuromuscular electri-
cal stimulation can be included to improve quadriceps 
strength, functional performance, and knee function [29]. 
Gait training addresses any compensatory patterns of motion.

43.2.8  Procedures

Regenerative procedures for meniscal injuries have been 
more widely studied in the last few decades given there is 
still a treatment gap for helping those who do not respond to 
conventional treatment. Platelet-rich plasma (PRP) has fairly 
strong evidence in knee osteoarthritis, but current evidence 
for use in treatment of meniscal tears is still limited. PRP has 
the potential to use autologous source of healing and growth 
factors that could potentially help with healing of medial 
meniscal lesions and inhibit the negative inflammatory- 
mediated effects of osteoarthritis on chondrocytes. There is 
more limited evidence for use of mesenchymal stem cells 
and adipose-derived stem cells for treatment of these injuries 
[27].

Surgery
Surgical treatment of meniscal tears is recommended to 
patients with mechanical symptoms such as catching or 
locking or to help treat symptoms of pain if conservative 
treatment fails. Common surgical options include partial 
meniscectomy and direct meniscal repair. For more details, 
please see chapter “Knee Surgeries.”
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44.1  Anterior Knee Disorders

44.1.1  Quadriceps and Patellar Tendon 
Disorders

S. Ali Mostoufi

44.1.1.1  ICD 10 Code
• Quadriceps tendonitis M76.899
• Quadriceps tendon tear S76.119
• Patella tendonitis M76.50
• Patella tendon tear S86.819
• Osgood-Schlatter syndrome M92.529

44.1.1.2  Description

Anatomy
The extensor apparatus of the knee primarily consists of the 
proximal common tendon of the quadriceps femoris muscle 
(which itself is divided into rectus femoris, vastus lateralis, 
vastus intermedius, vastus medialis) and the distal portion 
named patellar tendon with its insertion into the tibial tuber-
osity. The rectus femoris originates at the ilium, thus cross-
ing both the hip and knee joint along its course. This anatomy 
allows for the rectus femoris to assist with both hip flexion 
and knee extension. The remaining muscles originate on the 
femur and only help with knee extension [1]. The quadriceps 
femoris tendon is complex and has three layers from superfi-
cial to deep and, in combination with medial patellofemoral 
ligament and lateral patellofemoral ligament, helps stabilize 
the patella in both active and dynamic states. The tendon of 
the quadriceps muscle embeds the sesamoid bone “patella” 
and extends distally as patellar tendon to attach to the tibial 
tuberosity (Fig.  44.1). The term “jumper’s knee” refers to 
disorders of patellar tendon. The disorders of the quadriceps 
tendon and the patellar tendon are unique and distinct [2].

Quadriceps Tendon and Patellar Tendon Disorders
Both quadriceps tendon and patellar tendon disorders are 
considered overuse injury, and although sports that require 
jumping are more prone to this injury, other sports with 
acceleration, deceleration, landing, and cutting could develop 
patellar tendinopathy and present for care [3]. Quadriceps 
tendon rupture tends to be more common than patellar ten-
don ruptures, particularly in individuals over the age 40 [4]. 
It is thought that the microtrauma to the patella is the back-
drop to patellar tendinopathy. Sports such as volleyball, bas-
ketball, and track and field with hurdles all exert significant 
eccentric force on the quadriceps tendon and may result in 
repetitive stress and microtrauma leading to tendinopathy. It 
is a male-dominant condition; increased ligamentous laxity 
and hormonal changes in menstruating females may have 
some protective properties, hence lower rates of quadriceps 
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tendinopathy [5]. Risk factors include tightness of the ham-
string and quadriceps muscle, restrictions in ankle dorsiflex-
ion, coexistence of patella alta (high-riding patella) and 
abnormal patellar tracking, increased knee Q angle, ligamen-
tous laxity, leg length discrepancy, abnormal foot arch (pes 
planus or varus), inappropriate frequency or intensity of 
training, and training on nonprofessional tracks [5–7]. Risk 
factors in nonathletes include high BMI and taller individu-
als. Specific risk factors for patellar tendinopathy leading to 
rupture may also include rheumatological disorders, chronic 
renal disease, diabetes, chronic corticosteroid intake, previ-
ous injuries, patellofemoral degeneration, and the use of cer-
tain antibiotic including fluoroquinolones [5–7].

The disorders of quadriceps tendon and patellar tendon can 
range from simple strain, tendinitis, to tendinosis with or with-
out calcification and rupture. Blazina [5] developed the most 
accepted classification for quadricep tendinopathy, which is 
symptom presence with or without activity. Popkin-Golman 
developed the radiographic classification of quadriceps tendon 
injury which can be correlated to Blazina’s classification. These 
can be used as an aid to treatment planning (Table 44.1) [8].

Osgood-Schlatter Syndrome
Also known as osteochondrosis, tibial tubercle apophysitis, 
or traction apophysitis, Osgood-Schlatter Syndrome (OSS) 
is a disorder with anterior knee pain in teenage athletes who 
have not reached skeletal maturity. Repetitive patellar ten-
don traction over the tibial tubercle leading to microvascu-
lar tears, fractures, and inflammation is thought to be the 
underlying cause [9]. Young athletes present in an atrau-
matic fashion, with gradual onset. Pain is focused on the 
tibial tuberosity (insertional site for the patellar tendon) 
due to repetitive stress on the knee extensor mechanism 
during jumping and sprinting. It is often self-limiting, 
treated with ice and nonsteroidal anti-inflammatory drugs 
(NSAIDs), as well as activity modification. Relative rest 
and lower extremity stretching regimen speed recovery and 
pain relief. If the pain persists, formal physical therapy may 
be warranted. In severe cases, brief immobilization is con-
sidered to reduce the stress on patellar tendon insertion. 
Surgery is rarely indicated but may be undertaken to excise 
the overlying bursa [10].

44.1.1.3  Presentation

Quadriceps Tendinopathy
Quadriceps tendon injuries are often acute. Chronic nontrau-
matic cases will present to an outpatient clinic or urgent care. 
In sports, classic presentation is the development of pain 
after injury at or above the superior pole of the patella. An 
athlete may report development of symptoms when kicking 
a ball, jumping, or initiating a sudden change in speed or 
direction while sprinting. Grading quadriceps strain may 
assist with further care. In grade 1 which is a milder presen-

VMVL

QT

PT

TT

Fig. 44.1 Diagram of knee extensor apparatus with anterior vastus 
expansion. QT quadriceps tendon, PT patellar tendon, TT tibial tuber-
osity, VM vastus medialis, VL vastus lateralis. (Open access image. 
Adopted and modified from Ref. [1])

Table 44.1 The Blazina classification [5] and Popkin-Golman [8] 
classification of quadricep tendon injury

Blazina classification

Popkin-Golman 
radiographic 
classification Treatment strategy

I pain only after 
sport

No tendon tear
Tendon <8 mm

Brace, PT, NSAIDS, 
eccentric strengthening

II pain during and 
after sport
Disappears with 
warmup
Reappears when 
fatigue

<25% thickness tear Brace, PT, NSAIDS, 
eccentric strengthening, 
+/− PRP

III pain during and 
after sport
Unable to participate 
in sports at previous 
level

25–50% tendon tear Brace, PT, NSAIDS, 
eccentric strengthening, 
+/− PRP
Possible surgical repair 
if symptomatic >6 m

IV complete tendon 
rupture

>50% tendon tear Brace, PT, NSAIDS, 
eccentric strengthening, 
+/-PRP
Surgical intervention

Treatment strategy based on classification
PT physical therapy, PRP platelet-rich plasma

S. A. Mostoufi et al.
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tation, the patient would have preserved strength with no pal-
pable defect. In grade II, the patient would be in a moderate 
amount of pain with loss of strength and some palpable 
defect in the myotendinous junction, and in severe cases, a 
patient would be unable to extend the knee with a palpable 
defect in the distal quadriceps/myotendinous junction. An 
athlete may report lateral knee pain but also a loss of func-
tion at the time of injury and localized swelling in the rectus 
femoris myotendinous junction [11, 12].

Patellar Tendinopathy
Common presenting symptoms of patellar tendinopathy 
include anterior knee pain localized to the inferior pole of 
the patella with load-related pain that increases with the 
demand on the knee extensors. Other symptoms may 
include pain with prolonged sitting, squatting, and going 
up and down stairs. Pain may improve with warmups 
(repeated loading), but it can also increase as the degree 
and rate of tendon loading increases [13]. Disorders of the 
patellar tendon may range from tendinitis to tendinosis 
with calcification to incomplete or even complete tear. 
Pain presentation is localized distal to the patella and may 
extend to the tibial tuberosity. Injuries are often due to sig-
nificant tensile forces on the tendon, and presentation 
could be acute (in the case of patellar tendon rupture and 
bony avulsion) versus chronic (due to repetitive micro-
trauma and tendinosis). Since attachment of the patellar 
tendon to the tibia is essential for normal gait, disruption 
to the tendon results in a significant functional loss and 
requires immediate surgical consultation [5].

44.1.1.4  Examination

Quadriceps Tendinopathy
Full musculoskeletal examination of the lower extremity and 
spine should be conducted with focus on the knee and exten-
sor complex.

Inspection The entire knee should be inspected for the 
alignment, location of the patella, bruising, edema, and toler-
ance to weight bearing (most patients with quadriceps ten-
don tear would not be able to bear weight on the lower 
extremity).

Palpation The examiner should palpate the quadriceps 
muscle, myotendinous junction, and the portion of the ten-
don as it approaches the patella. In high-grade tears, a tendon 
gap may be palpable.

Knee extension function The patient’s ability to extend the 
knee and raise his or her leg with the knee extended is 
impaired in full tendon tear, but in partial tear or acute ten-
don stress, function may also be impaired due to pain.

Ely test Evaluates rectus femoris flexibility. The patient lies 
prone as the affected knee is flexed (trying to touch the but-
tocks with the heel); a tight rectus muscle will cause the 
patient’s hip joint to flex, resulting in the elevation of the 
affected buttock.

Patellar Tendinopathy
Pain is localized to the inferior pole of the patella and/or 
throughout the course of the entire patellar tendon. Athletes 
with patellar tendon pain tend to reduce the amount of knee 
flexion and appear stiff in their landing. In-office exam is 
similar to quadriceps tendon evaluation in which inspection 
and palpation should be done from the patella down to the 
insertional tibial tuberosity. Examiner should evaluate for 
local bruising, deformity, and any palpable gap in the tendon. 
In patients with Osgood-Schlatter Syndrome, the tibial 
tuberosity may be prominent at the baseline.

Special Test
Single-leg decline squat This is performed in standing 
position. Athletes are asked to stand on a 25° decline board 
with one leg. Then the athlete is asked to do a squat, and the 
maximal angle of knee flexion achieved is recorded. This is 
done both for the symptomatic and asymptomatic side. Pain 
reproduced with this test should be isolated to the patellar 
tendon from the lower pole to the tibial tuberosity. This test 
could be done as a diagnostic step or to monitor progress in 
rehab and tendon response to load.

44.1.1.5  Diagnostic Workup
The diagnostic imaging includes radiographs, MRIs, and 
various types of ultrasound techniques, such as grey scale, 
high resolution, color Doppler, and elastography [14]. 
Radiographs are readily available, inexpensive, and often the 
initial diagnostic tool for anterior knee pain. It could detect 
displacement of the patella superiorly (Fig. 44.2) in the case 
of tendon rupture or tibial avulsion, but other injuries includ-
ing patella fracture can be detected rapidly which may lead 
to further advanced imaging/MRI for further delineation of 
the pathology.

Quadriceps Tendinopathy
X-rays may show abnormal position of the patella as well as 
fractures (Fig. 44.2). Both ultrasonography and MRI could be 
used in the workup of quadriceps tendinopathy, but in an acute 
trauma, when a patient is evaluated in the emergency room 
with suspicion of quadriceps tendon tear, an MRI is an appro-
priate diagnostic study. MRI has the ability to confirm diagno-
sis and specifies lesion type of complete or incomplete tear, 
avulsion, or intrasubstance tendon tear. Sports medicine physi-
cians trained in ultrasound can quickly scan the quadriceps 
tendon at the time of injury which may lead to better sideline 
management and can dictate urgency of surgical referral/care.

44 Knee Disorders: Extra-Articular
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Patellar Tendinopathy
Radiographs could be helpful in full tear of the patellar ten-
don with avulsion demonstrating superiorly displaced patella 
and avulsed fragments notable on plain radiographs. MRI of 
the patella should clearly demonstrate patellar tendon rup-
ture and is considered the most sensitive imaging modality, 
with its ability to identify the exact location of the rupture. 
Ultrasound, although operator dependent, could be a useful 
tool at sideline or at outpatient clinic due to its portability 
and ability to visualize the quadriceps tendon complex and 
any tendon abnormality from chronic tendinosis to tear. In 
degenerated tendons, ultrasound findings include hypoechoic 

areas with neovascularization, but such findings could be 
also identified in symptom-free individuals with frequency 
as high as 10% (Fig. 44.3) [14]. Symptomatic athletes have 
an increased baseline ultrasound changes of hypoechoic seg-
ment as compared to non-symptomatic individuals based on 
the study by King et al. [14].

44.1.1.6  Treatment

Medical Management
Medical management of quadriceps and patellar tendinop-
athy could provide adequate symptom relief to patients 
with tendinitis or mild to moderate tendinosis without rup-
ture. In the earlier stages of quadriceps tendinopathy, non-
operative care has shown superior outcomes compared to 
surgical treatment, which is typically reserved for later 
stages of disease or patients who have failed nonoperative 
measures [14]. Treatment options include pain relief with 
oral or topical NSAIDs, Tylenol, use of ice, and referral 
for PT.  Manual treatments include myofascial manipula-
tion of the knee extensor group, which has shown to have 
some positive pain reduction properties, both short-term 
and long-term [15]. It should be noted that in patients with 
severe quadricep tendinopathy, there is an increased risk of 
tendon rupture in individuals who have failed nonoperative 
treatment [16].

Rehabilitation
Pain relief is the initial goal of rehabilitation. This is fol-
lowed by a progressive resistive strengthening exercise pro-
gram, power exercises to improve the capacity in the 
stretch-shorten cycle, and finally functional return-to-sport 
training. Reducing an athlete’s symptoms requires load man-
agement. Removing high-intensity drills, decreasing training 
volume, and reducing training frequency is advised to reduce 
the load on the tendon [13]. It is important to avoid complete 
cessation of tendon loading activities, as that will further 

a b

Fig. 44.3 US images of the patellar tendon. Image (a) shows normal echotexture of the left proximal patellar tendon. Image (b) is from the same 
patient with right proximal patellar tendinopathy, showing change in the echotexture with a hypoechoic thickened region

Fig. 44.2 Quadriceps tendon tear with forward shift of the proximal 
pole of the patella and patella baja. (Open access image from Ref. [1])

S. A. Mostoufi et al.
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reduce the load capacity of the tendon. In terms of pain, 
 sustained isometric contractions have been shown to be anal-
gesic [17].

Manual Therapy Techniques
Myofascial manipulation of the knee extensor muscle group 
has had a positive effect on reducing pain in patellar tendi-
nopathy patients in short-term and long-term follow-up [15].

Physical Therapy
There is no consensus on the rehabilitation approach. 
Progression from isometric exercise to an isotonic exercise, 
energy storage exercises (including jumping, acceleration, 
deceleration, and/or cutting), and finally, the progressive 
return to sport appears to be the most common approach for 
patella tendinopathy. Studies demonstrated that a training 
program of 6–12 weeks of duration, performing 2–3 sessions 
a week of eccentric exercises, can provoke enough stimula-
tion to improve muscle function in different types of popula-
tions [18].

In general, eccentric heavy low-resistance, isotonic, and 
isometric exercises have been studied for patellar tendinopa-
thy [19]. Heavy slow resistance isotonic exercises in people 
with patellar tendinopathy was investigated by Kongsgaard 
and colleagues, who compared the effects of a peritendinous 
corticosteroid injection to a decline squat eccentric exercise 
protocol and a heavy slow resistance protocol. All three 
groups showed improvements at 12  weeks; however, at 
6 months, only the groups using the eccentric exercises and 
the heavy slow resistance exercises still showed sustained 
improvement. The heavy slow resistance group showed 
improved tissue normalization of the collagen and also dem-
onstrated better clinical presentations than the eccentric 
group within the 12-week follow-up [20]. The eccentric 
exercises appear to have good short-term and long-term ben-
efits. Eccentric exercises include bilateral weighted squats 
and unilateral declined squats [21].

Sport-Specific Rehab
Sport-specific functional strengthening should be incorpo-
rated in athletes’ return to play treatment plan. Early drills 
should include low-impact activities such as hopping and 
jumping, progressing to agility movements. When introduc-
ing such exercises, athletic trainers and physical therapists 
should alternate between low-load, medium-load, and high- 
load exercise days to ensure safe return to play without rein-
jury [21].

Procedures
Steroid Injection
Some studies suggest that the chronic outcome of patients 
with peritendinous corticosteroid injection is worse as com-
pared to those who received physical therapy treatment 

including eccentric decline squat training and heavy slow 
resistance training [20]. Bursitis may respond to steroid 
injection which should be performed with image guidance.

Platelet-Rich Plasma (PRP) Injection
In patients who have failed rehabilitation and oral agents, 
injection of PRP is considered for pain relief [22, 23]. 
Dallaudière et  al. conducted a retrospective review of 408 
patients with patellar tendinopathy treated by a single ultra-
sound (US)-guided PRP injection. They demonstrated an 
increased rapid tendon healing, satisfactory patient toler-
ance, and decreased size of the patellar tendon tear (9.2 mm 
at day 0 to 3.3 mm at week 6, P < 0.001) [24].

Shockwave Therapy
The benefit of the extracorporeal shockwave therapy was not 
seen as compared to placebo when applied to in-season 
jumping athletes with chronic patellar tendinopathy [25]. 
The effect of the shockwave therapy against PRP injection 
was studied, and both had positive pain relief properties in 
the first 2 months, but shockwave therapy did not have a ben-
eficial outcome in 6- and 12-month follow-up as compared 
to the PRP group [26].

Surgery
Severe cases of quadricep tendinopathy, patellar tendinopa-
thy, and ruptures require surgical repair. Arthroscopic and 
open surgical treatments have shown superior outcomes in 
advanced stage tendinopathy compared to nonoperative 
treatments [16]. The outcomes of surgical treatment of quad-
riceps tendinopathy have been studied extensively in ath-
letes; however, there is a need for additional studies in the 
nonathlete population. For more details on surgical approach, 
please see Chap. 46.

44.1.2  Patellofemoral Pain Syndrome

S. Ali Mostoufi

44.1.2.1  ICD 10 Code
M22.2x9, M22.2x1, M22.2x2

44.1.2.2  Synonyms
• Chondromalacia patella
• Runner’s knee
• Retropatellar pain syndrome
• Lateral facet compression syndrome

44.1.2.3  Description
Patellofemoral syndrome (PFPS) is one of the most common 
causes of anterior knee pain. Although known as the runner’s 
knee, it is not exclusive to runners. It is also known as retro-

44 Knee Disorders: Extra-Articular
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patellar pain syndrome or lateral facet compression syn-
drome since the pain is generated from the contact of osseous 
surfaces between the patella and distal femur. The exact eti-
ology is unknown, but multifactorial etiology is commonly 
accepted.

PFPS is common in adults who jump, squat, or fre-
quently climb stairs in the context of sports and/or daily 
activities [28]. It is more prevalent in females and is often 
associated with maltracking of the patella (valgus shift  – 
Fig. 44.4) [27, 29]. Based on the study by Pal et al., mal-
tracking of the patella may be due to delayed activation of 
the vastus medialis as compared to the vastus lateralis when 
the patient descends downstairs and climbs upstairs [30]. 
Studies also show that females with PFPS have decreased 
power in hip abduction, hip external rotation, and hip exten-
sion as compared with healthy controls; therefore, any 
weakness in such muscles may be a risk factor in develop-
ing PFPS (Table 44.2) [31]. Barton et al. showed that PFPS 
patients have a more pronated foot, more abduction fore-
foot, and increased rearfoot eversion in comparison with a 
healthy control group [32].

44.1.2.4  Presentation
Anterior knee pain is the main complaint. Patients present 
with pain while running, jumping, squatting, and negotiating 
stairs. Symptoms are often aggravated by flexion of the knee. 
Pain may be exacerbated by sitting with the knee flexed for a 
longer time. The “movie theatre sign” describes patients with 
patellofemoral syndrome that prefer to sit at an aisle seat, 

where they can keep the knee extended and experience less 
pain. Some patients may report a giving way or a catching 
sensation in the knee which could be originating from liga-
mentous or femorotibial pathology. Associated symptoms 
could be swelling around the knee or a clicking sensation 
with knee flexion.

44.1.2.5  Examination
Inspection It should focus on observing any spine defor-
mity, gait abnormality, pelvic obliquity, abnormal pelvic 
angle on sagittal view, Q angles of the lower extremity, posi-
tion of the hindfoot, abnormal foot arch, muscle imbalance 
and atrophy, and redness and swelling around the knee joint.

Palpation It could be helpful to evaluate for tenderness of 
the quadriceps tendon and patellar tendon and any effusion, 
leading to a change of the knee and soft tissue around it. 
When testing knee range of motion, crepitus may be 
palpated.

a b

c

Fig. 44.4 Patient with 
patellofemoral syndrome has 
increased lateral shift (a), 
lateral splint (b), and 
increased lateral tilt (c) of the 
patella against the distal 
femur. (Adopted and modified 
from Ref. [27])

Table 44.2 Risk factor for patellofemoral syndrome [1, 8]

Malalignment of the lower 
patella

Malalignment of the lower 
extremity

Imbalance and muscle strength Lower extremity overload
Trauma Improper training practice
Foot deformities Hip abductor weakness
Hindfoot eversion Females
Improper sports techniques Choice of equipment/footwear
Hamstring tightness Lumbar pain/sacral inclination

S. A. Mostoufi et al.
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MSK exam Full musculoskeletal examination of the spine 
pelvis and lower extremity should be performed. Examination 
testing includes bilateral lower extremity strength including 
hip abductors, quadriceps, and internal and external rotators 
of the hip, and a side-by-side comparison should be done. 
Evaluation includes the range of motion of the large joints 
including both hips, knees, and ankles. Focusing on the 
patella, the examiner may find an increased quadriceps 
angle, lateral and medial retinacular tenderness, crepitation 
of the patellofemoral joint, and reduced mobility of the 
patella [28].

Special Test
Single-Legged Squat
This test is commonly used for injury prevention screening 
or physical rehabilitation evaluation. It has also been applied 
to individuals with non-arthritic hip pain, patellofemoral 
pain syndrome, and knee osteoarthritis, among others. 
Excessive medial knee deviation during the eccentric phase 
of the squat is a common finding and, in patellofemoral syn-
drome, may be associated with increased anterior pain.

Clarke Test
It is also known as patellar grind test. The patient is posi-
tioned supine and the knee extended. The examiner will 
place the web space of his thumb and index finger against the 
superior pole of the patient’s patella and will ask for an iso-
metric quadriceps contraction. Pain sufficient to prevent the 
patient from maintaining a quadriceps contraction against 
resistance longer than 2  seconds is considered positive in 
suspected chondromalacia patella.

Ely Test
It evaluates rectus femoris flexibility. The patient lies prone 
as the affected knee is flexed (trying to touch the buttocks 
with the heel); a tight rectus muscle will cause the patient’s 
hip joint to flex, resulting in the elevation of the affected 
buttock.

44.1.2.6  Workup

Radiographs
Radiographs are the first line for diagnostic testing. AP 
standing and lateral and sunrise views are often obtained. 
X-rays could identify abnormal patellar position (such as 
patellar alta or baja) as well as lateral/medial subluxations. 
The Insall-Salvati ratio and the Blackburne-Peel ratio (Fig. 
44.5) are used by the radiologist measuring positioning of 
the patella against the trochlea as well as position of the dis-
tal pole of the patella compared to the horizontal line of tibial 
plateau [34]. There are a number of other patellofemoral 
joint measurements including patellar tilt, patellar sublux-
ation, lateral trochlear inclination, trochlear depth, and sul-

cus angle that may be utilized when evaluating patients with 
patellofemoral syndrome [35].

CT and MRI
The cross-sectional imaging provides more detail on the 
morphology of the patella and the trochlea and provides a 
superior assessment of the soft tissue, cartilage, ligamentous 
structures, anterior patella enthesopathy, patellar tendon, 
quadriceps tendon, and the retinacular. It also provides infor-
mation on the prepatellar fat pad and prepatellar and infrapa-
tellar bursa. MRI of the knee in slight flexion can also image 
a medial plica, the extensor mechanism, the meniscus, and 
any synovial abnormality that could mimic the patellofemo-
ral pain syndrome [35]. Dynamic testing would allow evalu-
ation of the patellofemoral joint kinematics with focus on 
real-time interplay of the soft tissue and bony constraints. 
Thematic MRI and three-dimensional or four-dimensional 
CT are examples of dynamic testing, but they are not widely 
available and require expert radiologist and patient compli-
ance [35].

44.1.2.7  Treatment
The majority of patients with PFPS respond to conservative 
care.

Conservative Care
Medication
Pharmacological therapy includes the use of NSAIDs to 
reduce nociceptive anterior knee pain. There may be some 
value in topical NSAIDs.

Bracing
Similar to taping, the brace will exert an external medially 
directed force counteracting the lateral patellar maltracking 
and as a result, may relieve pain.

Foot Orthotics
Both the pronated foot and hindfoot eversion have been 
linked to increased risk of patellofemoral syndrome. 
Orthotics that control the hindfoot and support the arch may 
be valuable in long-term management of patients with PFPS.

Physical Therapy
Exercises should address strengthening of hip girdle mus-
cles, trunk stability, strength of the quadriceps versus the 
hamstrings and IT band. Active stretching exercises, squats, 
ergometer, static quadriceps exercises, active leg raises, leg 
press, and raising and lowering climbing exercises are part of 
this regimen [36].

Kinesio Taping
The main goal of this modality is to modify the tracking of 
the patella by applying strips of tape with a medially directed 
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force to counteract the lateral maltracking of the patella. 
Cowan demonstrated that this technique will promote earlier 
effect of the vastus medialis [37].

44.1.2.8  Surgery
Surgical intervention is rarely indicated. There are a multi-
tude of procedures that can be considered for cases that fail 
to respond to all conservative measures. Most of these opera-
tions address the extensor mechanism alignment: the quadri-
ceps mechanism, the tibial tubercle, or the medial 
patellofemoral ligament.

44.1.3  Patellar Instability

This topic is discussed in the Chap. 45.

44.1.4  Plica Syndrome

S. Ali Mostoufi

44.1.4.1  ICD 10 code
M67.50, M67.51, M67.52

44.1.4.2  Description
A plica is a band of thick, fibrotic tissue that extends from the 
synovial capsule of a joint. The knee is the joint most com-
monly affected by plica tissue. Knee plica are present in 50% 
of individuals [38]. With injury or repetitive use/overuse due 
to friction against the patella or the medial femoral condyle, 
the plica can thicken and can become inflamed and painful 
known as plica syndrome. The plica nomenclature is based 
on its location, such as suprapatellar, infrapatellar, lateral 

Fig. 44.5 The Insall-Salvati ratio on the left (measuring the position-
ing of the patella against the trochlea) and the Blackburne-Peel ratio on 
the right (relative position of the distal pole of the patella to the horizon-

tal line of tibial plateau) are used by the radiologist in the workup of 
patellofemoral pain syndrome. (Image used with permission) [33]
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plica, or the medial plica (which is the most commonly 
symptomatic location) [39]. There are four types of plica as 
seen in Fig. 44.6 based on the size and degree of impinge-
ment of the condyle.

44.1.4.3  Presentation and Examination
Patients with plica syndrome will experience pain on the 
anterior aspect of the knee associated with clicking or pop-
ping. Pain can be brought on by activities that load the patel-
lofemoral joint (getting up from chair or sitting motion, 
going up and down the stairs, and squats). On a physical 
exam, taut bands may be found on palpation, but also special 
maneuvers such as the Stutter test can be helpful in diagnosis 
[39]. In the stutter test, the clinician would palpate the patella 
as the patient slowly extends the knee. The test is positive if 
a stuttering or ratcheting is noted between 45° and 60°.

44.1.4.4  Diagnostic Workup
The gold standard for diagnosis is arthroscopy, but studies 
show that physical exam has a 90% sensitivity and 89% 
specificity, ultrasound has 90% sensitivity and 83% specific-
ity, and MRI has 77% sensitivity and 58% specificity for 
diagnosing plica syndrome [9].

44.1.4.5  Treatment
Types A and B are usually not symptomatic due to small size 
and if symptomatic, typically respond to conservative care. 
Types C and D are larger and likely symptomatic due to 

impingement on the medial femoral condyle. If NSAIDS and 
stretching exercises are not helpful, steroid injection of the 
plica can be tried prior to referral for arthroscopic resection.

44.2  Posterior Knee Disorders

44.2.1  Popliteal (Aka Baker’s) Cyst

44.2.1.1  ICD 10 code
M71.20, M71.21, M71.22

44.2.1.2  Description
Anatomy Baker’s cyst or popliteal cyst, also known as para-
meniscal cyst, is a cystic fluid collection within the popliteal 
fossa located in the posterior aspect of the knee which is 
associated with osteoarthritis of the knee or meniscal dis-
ease. Patients can be symptom-free or may present with 
tightness in the back of the knee, pain with motion, and acute 
pain if the cyst ruptures. Although more common in adults, it 
can develop in pediatrics as an isolated disease related to the 
hernia in the posterior knee joint synovium [41].

44.2.1.3  Presentation
Patients may report bulging or a palpable mass in the popli-
teal fossa when standing. The size of the mass may reduce 
as the patient flexes the knee to about 45° known as the 
Foucher’s sign [41]. Often this condition is not associated 

Type A Type B

Type C Type D

Fig. 44.6 Types of knee 
plica. (Original figure from 
Ref. [40], with permission 
from Springer Link)
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with any change in skin color although when ruptured, it 
could result in ecchymosis and redness. If there is a rapid 
accumulation of the fluid in the Baker’s cyst, it may rupture 
which resembles a DVT with significant swelling, severe 
pain, sensation of fluid running down the leg, and enlarged 
calf. Even without rupture, edema may develop if the 
Baker’s cyst is large enough to compromise/obstruct blood 
vessels. In rare cases, rupture of the cyst may result in pos-
terior tibial nerve entrapment, occlusion of the popliteal 
artery, or compartment syndrome leading to significant leg 
swelling, possible foot drop, weakness in the toes, dysesthe-
sias, and pain. Differential diagnosis of posterior knee pain 
is in Table 44.3.

44.2.1.4  Examination
Inspection Any redness, ecchymosis, and significant leg 
swelling should be noted upon inspection.

Gait The patient may have a normal gait, but in cases of 
ruptured cyst, the patient would be antalgic and may not be 
able to bear weight on the lower extremity.

Palpation The posterior knee should be examined to iden-
tify a palpable mass in the popliteal fossa. On standing, the 
Baker’s cyst may protrude further, and it may be less notable 
when the knee is flexed at 45°.

44.2.1.5  Diagnostic Imaging
X-rays It will show corresponding osteoarthritis of the knee 
joint but cannot evaluate the Baker’s cyst. Soft tissue edema 
may be noted on X-rays.

Ultrasound It can easily identify the Baker’s cyst. The 
Baker’s cyst develops between the medial head of the gas-
trocnemius and the semimembranosus tendon, and a slit-like 
communication stalk is noted between the base of the Baker’s 
cyst and the knee joint (Fig. 44.7). Popliteal aneurysm may 
resemble Baker’s cyst, and Doppler can easily identify vas-
cular characterization of the lesion which is important if the 
clinician is planning on an aspiration procedure.

MRI MRI is the gold standard for the identification of 
Baker’s cyst, and it is able to not only define the cyst but also 
differentiate from other mass lesions (Fig. 44.7).

44.2.1.6  Treatment

Medical Management
Non-compressive, asymptomatic cysts could be observed. If 
the inflammatory condition within the knee joint could 
improve with NSAIDs or intra-articular treatments, the 
Baker’s cyst fluid accumulation may reduce over time.

Procedures
Aspiration of the cyst may provide adequate pain relief for 
the patient. There is a chance of recurrence since the source 
of the fluid is intra-articular and would not be treated with 
simple aspiration. Medical or procedural treatment related to 
osteoarthritis of the knee or the meniscal pathology can 
result in less inflamed intra-articular space and less fluid 
excretion into the cyst. Most aspirations are combined with 
delivery of steroids as an anti-inflammatory agent. Sclerosing 
agents including dextrose, ethanol, and doxycycline (scle-
rosing agents) have been used as an injection option for 
Baker’s cyst after aspiration, but further studies are needed to 
evaluate the safety and effectiveness.

Rehabilitation
Rehabilitation is focused on the primary knee disorder that 
has led to the development of Baker’s cyst. This is often 
either knee OA or knee meniscal disease; therefore, rehabili-
tation should focus on appropriate exercise and modalities 
related to those two conditions which is covered in Chaps. 43 
and 53.

Surgery
Open and endoscopic surgical techniques are available for 
Baker’s cyst resection. Surgeries in the knee are discussed in 
Chap. 46.

44.2.2  Plantaris Injury

S. Ali Mostoufi

44.2.2.1  ICD 10 code
S86.802, S86.801

44.2.2.2  Description
Plantaris is a small fusiform muscle of the superficial poste-
rior leg, located between the popliteus and the lateral head of 
the gastrocnemius muscles, which can be absent in 10–20% 
of individuals [42]. It has traditionally been of most interest 
to surgeons as a donor site, with its tendon often being used 
as a graft for other tendon injuries including Achilles rup-
ture. It is thin (<5 mm) and long (approximately 5 inches). It 

Table 44.3 Differential diagnosis of posterior knee pain

DVT AV fistula
Baker’s cyst Abscess
Lymphadenopathy Lymphadenopathy
Hematoma Lipoma
Hemangioma Distal hamstring tendinopathy

S. A. Mostoufi et al.



429

originates from the lateral supracondylar ridge of the femur 
and inserts into the posterior calcaneus (Fig. 44.8) through 
the calcaneal tendon (runs medial to the Achilles tendon) 
[42]. Plantaris assists with plantarflexion of the ankle and 
knee flexion. Injury to this structure occurs most frequently 
during running or jumping and usually results from an eccen-
tric load placed across the ankle with the knee in an extended 
position [42]. It is not very common to have an isolated plan-
taris muscle injury as it is often associated with an injury to 
the medial head of the gastrocnemius and soleus [43]. There 
is potential relationship between the plantaris tendon injury 
and the development of Achilles tendinopathy [44].

44.2.2.3  Presentation
Posterior knee pain is the presenting symptom. Athletes 
report an incident in which they feel as if the posterior calf 
was struck by an object. Passive dorsiflexion and resisted 

plantarflexion elicit severe pain. Swelling in the region of the 
posterior knee and ankle and foot may be experienced by 
athletes. In most cases, pain becomes less severe after a few 
days of rest.

44.2.2.4  Examination
Inspection The posterior knee and posterior calf should be 
inspected for any bruising, swelling, and redness after injury. 
The Achilles tendon should be examined for any retraction 
or gapping. The distal hamstring muscle and its tendon 
should be examined for signs of injury.

Palpation The plantaris may be palpated in the popliteal 
fossa medial and superior to the lateral head of the gastroc-
nemius muscle. The tendon may be palpable at its distal cal-
caneal insertion with associated swelling as well as pain on 
passive dorsiflexion or resisted plantarflexion. In the popli-

a
b

c d

Fig. 44.7 The communication stock between the semimembranosus 
(SM) tendon and medial head of gastrocnemius (MHG) is highlighted 
by the arrows (a and d). Image (b) is a transverse US image showing a 
C-shaped popliteal cyst (PC) wrapped around the medial head of the 

gastrocnemius muscle. Image c shows T2 weighted image of a knee and 
a popliteal cyst is highlighted (a and b are from the author’s library. 
Images (c) and (d) are courtesy of Keneth Mautner MD)
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teal fossa, any palpable masses should be noted, which may 
lead to other diagnoses such as Baker’s cyst, soft tissue sar-
coma, lipoma, and hematoma.

Musculoskeletal and Neurological Examination
A general musculoskeletal examination of the lower extrem-
ity including range of motion, strength, sensation, and 
reflexes should be conducted. Examination should also iden-
tify other pain generators that may be resembling injury to 
the plantaris muscle. Muscles and tendons of the posterior 
distal hamstring should be examined as well as the Achilles 
tendon. Plantaris pain may be elicited by passive dorsiflexion 
and resisted plantarflexion of the foot.

Special Test
The flexion compression test (Thomas test) clinically evalu-
ates for Achilles’ rupture which would present similarly to 
plantaris tear. Test is performed in prone, while both feet are 

just off the examination table. The examiner would compress 
the gastrocnemius muscle which should result in foot plan-
tarflexion. If this test is negative, meaning that the Achilles 
tendon still flexes the foot, then the clinician would have a 
higher suspicion of the plantaris rupture.

44.2.2.5  Diagnostic Workup
Diagnosis is established by means of imaging with either an 
ultrasound or MRI. Although examination should focus on 
the plantaris, it should include evaluation of adjacent soft tis-
sue and the knee joint as a differential diagnosis of 
plantaris.

Advanced imaging also can detect any abnormal mass, 
vascular abnormality, or potential infection in the region. The 
extent of the injury could be evaluated by MRI or ultrasound. 
MR finding includes abnormal T2 signal within the muscle at 
the myotendinous junction oriented toward the adjacent soft 
tissue [45]. Often complete plantaris rupture happens at the 
myotendinous junction with proximal retraction, and the 
muscle could be located in between popliteal tendons and the 
lateral head of the gastrocnemius muscle [42].

44.2.2.6  Treatment

Medial Management
The immediate treatment may include RICE (rest, ice, com-
pression, elevation) and may include a brief period of immo-
bilization. Medical management includes the use of NSAIDs 
for nociceptive pain, cryotherapy, and/or therapeutic 
ultrasound.

Rehabilitation
As with any other muscle injury, in the acute phase of injury, 
the objective is to prevent further damage, control inflamma-
tion, limit pain, and promote early mobilization. As the tis-
sue heals and repairs, there is a degree of fibrosis and scarring 
that develops. It is important to proceed to an individualized 
strengthening, and proprioceptive rehabilitation. In terms of 
plantaris injury, there is no consensus on rehabilitation. 
Exercise programs should be gradual in progression. The ini-
tial phase includes stretching exercises, with progression to a 
strengthening program. The strengthening program first con-
centrates on antagonist muscles and then progresses to 
antagonist muscle (quadricep) [42].

Surgery
Isolated plantaris tendinopathy is almost always managed 
medically. In cases with thickened plantaris tendon adjacent 
to the medial aspect of the Achilles tendon with presentation 
of chronic painful mid-portion Achilles tendinopathy, removal 
of plantaris tendon and scraping of the ventral Achilles ten-
don have shown to be effective in symptom relief [46].

Tibia

Achilles

Plantaris

Calcaneus

Fig. 44.8 Insertional relationship of plantaris and Achilles tendon. The 
circle highlights myotendinous junction which is the most common 
anatomic site for plantaris injury. (Adopted and modified from Dos 
Santos MA, Bertelli JA, Kechele PR, Duarte H. Anatomical study of the 
plantaris tendon: reliability as a tendo-osseous graft. Surg Radiol Anat. 
2009 Jan;31)
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44.2.3  Posterolateral Corner Injuries

S. Ali Mostoufi

44.2.3.1  ICD 10 code
S89.90x, S89.91x, S89.92x

44.2.3.2  Description
Anatomy There are three layers of tissue in the lateral knee 
[47]. The iliotibial band and the biceps femoris are the most 
superficial. Beneath them, the patellar retinaculum and the 
patellofemoral ligament exist, and the deepest layer includes 
the lateral collateral ligament, fabellofibular ligament, the 
arcuate ligament, coronary ligament, popliteus tendon, the 
popliteofibular ligament, and finally the capsule of the knee 
joint (Fig. 44.9). The common fibular nerve lies between the 
first two superficial layers.

There are three major stabilizers of the lateral knee 
including the lateral collateral ligament (LCL), popliteus 
tendon, and popliteofibular ligament [47]. The LCL is the 
primary varus stabilizer of the knee and resists against the 
lateral stress on the knee joint [47, 48]. Other structures that 
contribute to lateral knee stability includes the capsule of 
the joint, arcuate ligament, fabellofibular ligament, the IT 
band, the lateral head of gastrocnemius, and the biceps fem-
oris [48].

Injuries to the posterolateral corner (PLC) are traumatic 
injuries that are associated with lateral knee instability and 

usually present with a concomitant cruciate ligament injury, 
posterior cruciate being more common than anterior [49]. 
Among all the posterolateral injuries, 28% occurs in isola-
tion, and if undiagnosed, it could lead to a failure in surgical 
outcome of ACL reconstruction surgery, which ultimately 
can lead to early degenerative changes of the joint [49, 50].

Etiology The most common mechanism of PLC injuries is a 
direct blow to the anteromedial knee [51], but hyperexten-
sion and noncontact varus stress can also injure the PLC 
[51]. Approximately 15–30% of injuries are associated with 
either vascular injuries or common peroneal nerve injury 
[48]. The Hughston and Fanelli grading for LCL instability 
has been used for diagnostic and therapeutic planning in 
PCL injuries (Table  44.4). A Hughston grade I is an FCL 
strain, grade II is a partial injury with moderate ligamentous 

Fabella

Lateral collateral Lig

Biceps femoris tendon

Fabellofibular lig

Popliteal fibular lig

Arcuate ligament

Fig. 44.9 The Posterolateral 
Ligamentous complex. 
(Creative Commons License. 
Case Courtesy of Assoc Prof 
Frank Gaillard, Radiopaedia.
org, rID: 9330)

Table 44.4 Classification used for posterolateral corner instabilities 
[52]

Fanelli grading
Type A: 10° increase in external tibia rotation
Type B: 10° increase in external tibia rotation + slight varus 
relaxation 5–10 mm of the varus load test
Type C: 10° increase in external tibia rotation + severe valgus 
relaxation more than 10 mm on the valgus stress test
Hughston grading
Grade I: 0–5 mm gap in varus stress
Grade II: 6–10 mm gap in varus stress
Grade III: 10 mm or more gap in varus stress
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disruption, and grade III would be a full ligament disruption, 
resulting in measurable gap on varus stress of 10  mm or 
more [52].

44.2.3.3  Presentation
PLC injuries may present acutely or chronically with a his-
tory of sports injury, motor vehicle injury, or a fall [53]. 
Initially individuals may present with swelling and pain in 
the lateral and posterior aspect of the knee. If there is associ-
ated fibular nerve injury, sensory disturbance and ankle dor-
siflexion weakness are also reported. Patients will note 
instability symptoms on weight bearing in extension during 
walking or on negotiating stairs [53]. In sports, athletes will 
report difficulty with pivoting and cutting [48, 53].

44.2.3.4  Examination
Focus examination of the knee includes examining all knee 
quadrants: the joint, tendon, and ligaments as discussed else-
where in this chapter. On inspection, focal versus diffuse 
swelling, ecchymosis, tendon gaps, gait abnormality, ability 
to bear weight, and neurologic findings such as foot drop 
should be noted. Special tests can differentiate between inju-
ries to the PLC as compared to other injuries to the knee.

Fibular Nerve Injury
As part of neuromuscular testing, the function of the pero-
neal nerve should be tested as this nerve traverses between 
the first and second layers. Injury to this nerve will result in 
altered sensation, pain, and ankle dorsiflexion weakness.

Special Tests
Varus Stress Test
Varus stress test (Fig. 44.18) is performed both in full exten-
sion and at 30° of flexion. The femur stabilized by the exam-
iner with one hand which is also used to assess the amount of 
lateral compartment gapping. With his/her other hand, the 
examiner would hold the foot and ankle of the patient and 
apply a virus force. Lateral compartment gapping is tested in 
full extension and in 30° of flexion. Laxity of at 0° on varus 
stress indicates LCL and cruciate ligament injury. Lateral 
laxity of 30° indicates isolated LCL injury [48].

Dial Test
External rotation of the tibia relative to the femur is tested in 
the maneuver (Fig. 44.20). The dial test is performed on both 
knees at 30° and 90° of knee flexion with the subject in 
supine. The femur is fixed with one hand, while the ankle 
and foot are externally rotated. At 30°, if there is a 10° exter-
nal rotation asymmetry, it is an isolated PLC injury. At 30° 
and 90° dial, if there is more than 10° external rotation asym-
metry, likely both lateral collateral ligament and PLC are 
injured [48, 54].

Posterolateral Drawer Test
The posterolateral drawer test is performed when the hip is 
flexed at 45°, the knee is flexed at slightly less than 90°, and 
the foot is externally rotated at 10° to 15°. Combined poste-
rior drawer and external rotation force when applied to the 
knee will result in posterior lateral translation and a positive 
test. This is due to lateral tibial externally rotating on the 
lateral femoral condyle [48, 54].

Reverse Pivot Shift Test
To perform this test, the patient should be supine with the 
knee flexed to near 90°. The knee joint line is palpated, a 
valgus load is applied through the knee, an external rotation 
force is applied to the tibia, and the knee is slowly extended. 
If the previously subluxated lateral tibial plateau reduces at 
approximately 35° to 40° of flexion, a clunk is noted, and 
this is a positive test. A positive reverse pivot shift has been 
reported to have a positive predictive value of 68% and a 
negative predictive value of 89%. A comparison to the con-
tralateral knee is important as a positive test has been reported 
in 35% of uninjured knees [48, 54].

44.2.3.5  Diagnostic Imaging
Radiographs
Radiographs are used to rule out any fracture including frac-
ture of the fibula or fracture of the femoral condyle. Both 
varus stress radiographs and standing long-leg AP radio-
graphs are obtained.

Varus stress radiographs (bilateral varus stress XR in 20° 
flexion), in particular comparing side to side, can help to 
objectively determine the extent of the lateral and posterolat-
eral knee injury [55]. Clinicians should suspect an isolated 
lateral collateral ligament injury if the opening on clinician- 
applied varus stress radiographs increases by approximately 
2.7 mm (normal <1 mm) and a grade III posterolateral corner 
injury if values increase by approximately 4.0 mm.

Limb alignment and the weight-bearing axis should be 
evaluated using standing long-leg AP radiographs [48, 52].

MRI
It can identify the lateral collateral ligament, popliteus, and 
biceps tendon injuries, all of which contribute to the lateral 
stability of the knee.

44.2.3.6  Treatment
Nonoperative Care
Conservative care is indicated in mild grade I or isolated 
mid-substance grade II injury. Nonoperative management 
includes knee immobilization for 4 weeks and a rehabilita-
tion program to follow [56]. Functional rehab includes quad 
strengthening [56]. In successful cases, athletes may return 
to training 2–3 months after injury.
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Postoperative rehabilitation [57]: Patients will be non- 
weight- bearing for the first 6 weeks while in a knee immobi-
lizer that can be removed for the range of motion exercises 
and hygiene. Physical therapy begins on postoperative day 1 
which includes patient education, symptom management, 
knee motion, and quadriceps muscle activation. Knee flexion 
ROM is limited to 90° for the first 2 weeks and then is pro-
gressed gradually until full knee flexion is recovered. 
Hyperextension should be avoided, and patellofemoral joint 
mobilizations, peripatellar soft tissue mobilizations, and fre-
quent quadriceps contractions should be incorporated to 
reduce postoperative stiffness.

Operative Care
Complete PLC lesions rarely heal with nonoperative treat-
ment and are therefore treated surgically. Poor functional 
outcomes for nonoperatively treated grade III PLC injuries 
with persistent instability and degenerative changes have 
been reported [40, 58].

Generally, surgery would include direct PLC repair for 
isolated grade PLC tear with or without avulsion injuries. 
For higher grade tears, PLC hybrid reconstruction and repair 
may be suggested. If there are concomitant cruciate liga-
ments injuries, both PLC and cruciate ligament reconstruc-
tion are performed, and in select cases, valgus high tibial 
osteotomy is performed to correct bony alignment and to 
assure sustainable success of ACL and PCL reconstruction 
[40, 58]. For more details regarding surgery, please see 
Chap. 46.

44.2.4  Distal Hamstring Injuries

S. Ali Mostoufi

44.2.4.1  Description

Anatomy The semitendinosus, biceps femoris and the 
semimembranosus are the three muscles of the hamstring. 
The short head of the biceps originates from the lateral lip of 
the linea aspera and extends to the fibular head and the lat-
eral condyle of the tibia. The long head of biceps femoris, 
 semimembranosus, and semitendinosus all originate from 
ischial tuberosity. The long head of the biceps femoris has 
the same insertion with the short head of the biceps femoris. 
The semitendinosus inserts in the pes anserine location of 
the tibia, and the semimembranosus inserts into the medial 
tibial condyle. The long head of the biceps and the semiten-
dinosus muscle have a common aponeurosis starting from 
the ischial tuberosity which extends a few inches below. The 
tibial nerve innervates the semimembranosus, semitendino-
sus, and long head of the biceps femoris, and the common 
peroneal branch of the sciatic nerve innervates the short 

head of the biceps femoris [59]. The hamstring muscles bor-
der the popliteal fossa, the distal biceps being lateral, and 
the semimembranosus and semitendinosus border is medial. 
The hamstring group functions as hip extenders as well as 
knee flexors [59].

Hamstring injuries peak at 16–25 years of age, and it is 
commonly related to sports where the hamstrings bear the 
most burden, with a rapid transition of its functional biome-
chanics at high speed like sprinting, soccer, football, track, 
and field sports [60, 61]. It can occur in elite and recreational 
athletes as well as weekend warriors. In addition to being 
highly prevalent, hamstring injuries are often slow healing 
and tend to recur, about 1/3 during the first year after the first 
injury [62]. From the statistical standpoint, the most com-
mon muscle in the hamstring group subjective to injury is the 
biceps femoris, followed by the semimembranosus and then 
the semitendinosus. Hamstring injury can be classified as a 
grade I (mild), grade II (moderate), and grade III (severe) 
(Table 44.5) [59].

Evidence suggests that right-left strength imbalances 
increase the likelihood of strains and sprains in the lower 
extremity. Furthermore, the contribution of factors such as 
flexibility, prior injury, joint laxity, and overall conditioning 
of the athlete may increase the risk of such injuries [63]. A 
ratio of at least 50–65% for hamstring strength compared 
with quadriceps strength is recommended to decrease the 
chance of sustaining a hamstring strain [64]. Identifying 
weakness in the hamstring muscles may allow the prediction 
of risk for muscle strain and allow a rehabilitation program 
to correct the problem before injury occurs [65].

44.2.4.2  Presentation
Pain in the posterior knee and distal hamstring is the main 
symptom, and the athlete may report a popping sound at the 
time of injury. A history of inadequate warmup or fatigue 
may be elicited from the patient. Another common scenario 
is for the athlete to feel tightness or an impending “pull” in 
the muscle during exercise and subsequently limit participa-
tion [60]. Difficulty with weight-bearing, antalgic gait, local 
swelling, and ecchymosis can be among presenting signs and 
symptoms.

44.2.4.3  Examination
In an acute event, examination is conducted at the athletic 
field. The athlete may grab the back of the thigh at the place 

Table 44.5 Grading system for hamstring strain injuries

Grade I: Minimal disruption to the 
hamstring muscle fibers

Minimal pain, minimal 
functional impairment

Grade II: Partial-thickness tear, 
myotendinous junction

Moderate pain, loss of 
strength

Grade III: Full-thickness tear of the 
hamstring muscle or tendon

Severe pain, hematoma, 
significant loss of strength
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of competition. There may be tenderness and palpable indu-
ration immediately after the injury particularly with com-
plete tear. Ecchymosis and swelling are often present. The 
clinician should examine the hamstring tendon both in 
relaxed and mild tension. Given the anatomy of the region, it 
is possible that the significant defect is not palpated despite 
its presence. Examination for concurrent injuries in the lower 
extremity and spine and neurovascular structures should be 
conducted.

In an outpatient basis with milder hamstring injury, physi-
cal examination includes examination of the spine and neu-
rovascular structures, as well as lower extremity muscles, 
tendons, hamstring muscles, and knee/hip joint examination. 
At the time of examination, strength and the range of motion 
of the affected hamstring should be tested and compared 
with those on the unaffected side. Ideally, the patient should 
be prone and the affected hip positioned at 0° of extension; 
then, knee flexion is assessed with resistance applied at the 
heel, the knee being in 15°, and 90° of flexion. Pain or weak-
ness appreciated during the examination is considered a pos-
itive finding [61]. Hip flexion and knee extension should be 
examined, which may be limited by pain in patients with a 
hamstring injury [59].

Special Test
Straight leg raise testing should be performed, and the posi-
tion of maximum tolerance should be noted which is a useful 
guide to the severity of the injury.

44.2.4.4  Workup
There is limited utility for X-rays, but radiographs can detect 
avulsion injuries or fractures. MRI would be a diagnostic test 
of choice which highlights high signal intensity abnormality 
on T2 weighted images pointing to edema or hemorrhage 
within the surrounding tissues or the hamstring muscles/ten-
don [59]. Ultrasonography could be performed at the side-
line or in an outpatient clinic as a diagnostic tool for 
hamstring tendinopathy. Ultrasound allows dynamic assess-
ment of the injured hamstring muscles, and any edema or 
hemorrhage is depicted by the echotexture on the 
ultrasound.

44.2.4.5  Treatment

Nonoperative Care
In the acute setting, crutches may be warranted for the more 
severe grade II and grade III hamstring strains. As with other 
injuries, rest, ice, compression, and elevation are still the pre-
ferred first aid in managing acute pain. Although the use of 
NSAIDs for the first 5–7  days is acceptable, a study by 
Almekinders et  al. demonstrated that prolonged NSAIDS 
may interfere with repair and remodeling of regenerative 

muscle; therefore, it should be discontinued soon after [66]. 
Pivotal considerations in the regenerative process of the 
injured muscle are the quantity and quality of fibrous scar 
formation. The interaction between these two processes of 
muscle regeneration and fibrosis characterizes the effective-
ness of the remodeling phase of muscle injury. Complete 
immobilization is not recommended as it will results in mus-
cle atrophy and loss of flexibility and strength. Järvinen and 
Lehto studied and demonstrated that a short period of immo-
bilization (5–7 days) is advantageous in limiting the extent of 
connective tissue proliferation at the site of injury [67].

Rehabilitation
A rehabilitation program that encompasses progressive 
agility and stabilization of the trunk exercises are more 
effective than a program emphasizing the isolated ham-
string muscle [61]. A randomized controlled study in 
Swedish elite athletes with hamstring injuries found that a 
rehabilitation protocol emphasizing lengthening type of 
exercises is more effective than a protocol containing con-
ventional exercises in promoting the time to return to sports 
[68]. Loss of flexibility is a characteristic feature of ham-
string strains, and as part of rehabilitation, early stretching 
exercises should begin with gentle active stretching and 
progress to passive static stretching as the pain allows. 
Concurrent pain-free stretching exercises as well as 
strengthening exercises progressing from isometrics to iso-
tonic and isokinetic are essential in regaining flexibility and 
strength in the hamstring muscle group [60]. The swim-
ming pool and the stationary bike can also be useful in the 
early stage of rehabilitation because they allow pain-free 
motion and controlled resistance exercise. Once the muscle 
strength imbalance (hamstring-to-quadriceps ratio) has 
been corrected, the patient can return to play. It is accept-
able to have a 10% difference between the injured and 
uninjured leg strength and nonoperative care [60].

Surgery
Indication for surgical procedure is complete rupture at ori-
gin or insertion of the hamstring muscle, bony avulsion with 
displacement of 2 cm or more. For more information on sur-
gical treatments, please see Chap. 46.

44.3  Medial Knee Disorders

44.3.1  Pes Anserine Tendinopathy and Bursitis

S. Ali Mostoufi

44.3.1.1  ICD 10 code
M70.50

S. A. Mostoufi et al.



435

44.3.1.2  Description
The pes anserine bursa is located in between the proximal 
medial tibia and the insertion point of the semitendinosus, 
gracilis, and sartorius tendons (Fig. 44.10). Pes anserine bur-
sitis is a clinical diagnosis associated with pain at the medial 
knee just below the joint line. Mechanical derangement, 
direct trauma, increased knee Q angle, obesity, and overuse 
have all been implicated in the development of pes anserine 
bursitis [69]. The association of pes anserine pain (but not 
necessarily bursitis) with concomitant osteoarthritis was 
noted in one study to be over 90% [70].

44.3.1.3  Clinical Presentation
Patients normally present with medial knee pain, just distal 
to the joint line, which is aggravated upon climbing stairs. In 
most cases they can put a finger on the exact location of the 
pain which should topographically correlate with pes anser-
ine location.

44.3.1.4  Physical Examination
Full lower extremity exam and spine examination should be 
performed. Any abnormality in gait should be noted. Typical 
examination of the knee includes inspection, observation for 
edema, or skin changes. If there is associated osteoarthritis 
of the knee, swelling around the knee joint capsule and 

around the bursa may be visible to the naked eye. On palpa-
tion, the examiner will palpate the region of the pes anserine, 
medial joint capsule, and also posterior knee for fullness or 
masses. Concordant tenderness is noted at the pes anserine 
bursa with palpation. To rule out other associated knee disor-
ders, typical knee examination should include range of 
motion, medial instability testing, lateral instability testing, 
testing for ACL and PCL injuries, and examination of the 
patella and patellar tendon.

44.3.1.5  Diagnostic Workup

Plain films Pes anserine bursitis (PAB) is a clinical diagno-
sis but could be confirmed with diagnostic ultrasound. Plain 
films are the initial imaging modality of PAB, identifying 
underlying bony abnormalities, including osteoarthritis.

MRI Advanced imaging including MRI is not necessary for 
PAB but could assist with identifying conditions that can be 
misdiagnosed as PAB including meniscal pathology, tendon 
pathology, medial collateral ligament pathology, and ACL 
and PCL tear. If pes anserine bursitis is noted on the MRI, it 
would be in a form of a fluid collection distal to the joint line 
and superficial to the medial collateral ligament, deep into 
the sartorius, gracilis, and semitendinosus.
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Fig. 44.10 Approximate path of the three muscles forming the pes 
anserine complex as it relates to the medial knee. The illustration dem-
onstrates three muscles of sartorius, gracilis, and sartorius tendon join-
ing to attach to the medial tibia. The circle is the location of the pes 

anserine bursa deep to the tendon. (Open source image from Zhong, 
Sheng et al. “The anatomical and imaging study of pes anserinus and its 
clinical application.” Medicine vol. 97,152,018. Illustration by Yasmine 
Mostoufi)
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Ultrasound In skilled hands, the bursa and insertional site 
for the muscles can be examined for signs of true bursitis 
including enlargement of a bursa, with an increased amount 
of anechoic fluid within it and an increased vascularity on 
Doppler. In chronic cases, thickening of the hyperechoic 
synovial wall may be seen.

44.3.1.6  Treatment

Medical Treatment
Most patients may be treated conservatively with oral 
NSAIDs, topical NSAIDs, and neoprene sleeve support and 
by avoiding activities that may aggravate the condition. 
Patients often benefit from local ice and leg elevation in the 
acute phase. For long-term improvement, recommendation 
on weight loss is appropriate.

Rehabilitation
Physical therapy is often prescribed by practitioners to work 
on muscle strengthening, range of motion restoration, gait 
training, soft tissue treatments, and transcutaneous electrical 
nerve stimulation (TENS) with goals of improvement of 
function. In terms of strengthening, quadriceps muscle 
groups and adductors of the thigh should be among the mus-
cles targeted for strengthening.

Procedures
Injections
Injecting the pes anserine bursa could have diagnostic or 
therapeutic value. Diagnostic injection is performed as a way 
of identifying the exact source of medial knee pain. 
Therapeutic injections contain corticosteroid or platelet-rich 
plasma (PRP).

Lidocaine injection: Ultrasound-guided diagnostic pes 
anserine injection with small volume of anesthetics can help 
identify the source of medial knee pain. Pain relief for the 
half-life of anesthetic used can confirm pes anserine as a 
source of pain.

Steroid injection: In those cases that less aggressive treat-
ment has not helped, ultrasound-guided bursa injection with 
corticosteroid could be considered. The procedure is done 
with ultrasonography to accurately place the needle in the 
plane of the bursa and not to inject any of the tendons. A 
study was performed to compare the effect of the physical 
therapy on pes anserine bursitis versus steroid injection with-
out any PT. Both groups had significant improvement in all 
metrics tested, and there were no significant differences 
detected between the groups. In this study, pain relief was 
quicker in the steroid group due to known properties of the 
injectate [71].

PRP injection: Since the growth of regenerative medicine 
in musculoskeletal care, some practitioners provide patients 

with PRP injection instead of steroids. There is no structured 
study on the effectiveness of PRP specific to this condition.

Shockwave Therapy
SWT should also be considered in patients with pes anserine 
bursitis along with other rehabilitation efforts. A randomized 
clinical control trial comparing shockwave therapy to a sham 
treatment demonstrated positive effect for both pain relief 
and function in patients with pes anserine bursitis [72].

Surgery
Surgical procedures are often not necessary. In cases of cal-
cific tendinitis, percutaneous ultrasound-guided debridement 
may be offered.

44.3.2  Medial Collateral Ligament Injury

S. Ali Mostoufi

44.3.2.1  ICD 10 code
S83.419, S83.412

44.3.2.2  Description
Anatomy: The anatomy of the medial knee could be thought 
of as three separate layers [73]. The superficial layer contains 
the skin, subcutaneous tissue and sartorius, and part of the 
patellar retinaculum. The middle layer consisted of semi-
membranosus and superficial fibers of the medial collateral 
ligament (MCL), the medial patellofemoral ligament, and 
part of the posterior oblique ligament. The deep layer 
includes most of the MCL fibers, posterior medial capsule, 
and the meniscotibial ligament (Fig. 44.10) [74].

Ligamentous injuries of the knees are approximately 
40% of all the knee injuries of which medial collateral liga-
ment is the most common [74]. MCL is a flat connective 
tissue, connecting the medial condyle of the tibia to the epi-
condyle of the femur, providing a valgus stability to the 
knee (Fig. 44.11). Injury often relates to sports in particular 
those with tackling. The medial collateral ligament (MCL) 
is commonly injured during an ACL rupture [75]. 
Approximately 78% of grade III MCL injuries consist of 
mixed ligamentous lesions, with an injury to the ACL occur-
ring more than 95% of the time [75].

44.3.2.3  Clinical Presentation
Patients often point toward the area of pain and may also 
report a popping sensation at the time of injury. Although 
possible, this injury is not always associated with instability, 
and this may not be a presenting symptom. If the injury was 
related to a valgus force to the knee, ecchymosis of the skin 
may be noted both on the lateral knee (as a result of direct 
blow) and the medial knee (due to MCL injury). Particularly 
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when there is an ACL tear, or meniscal injury, there may be 
significant swelling and effusion. In an isolated MCL tear, 
weight-bearing may not be an issue, but when combined 
with ACL and meniscal tear, the patient is often antalgic. 
Palpation of medial joint space would be associated with 
reproduction of pain, anywhere from the joint line to the 
insertion to the tibia. Differential diagnosis of medial knee 
pain is in Table 44.6.

44.3.2.4  Examination
Inspection may demonstrate ecchymosis on the medial and 
lateral aspect of the knee (lateral due to direct helmet to knee 
contact). Swelling, soft tissue tenderness, and antalgic gait 
could be associated particularly when there is concomitant 
ACL and meniscal injury. Patients will complain about 
medial knee pain and may point to the location of the 
MCL.  Complete knee evaluation should be performed to 
identify any associated injuries including testing for instabil-
ity, testing for meniscal pathology, and a full neurological/
musculoskeletal lower extremity exam. Spine is examined if 
referred pain is suspected.

Specialized Testing

MCL valgus stress test It will test the integrity of the MCL 
on valgus stress. It is performed with 30° knee flexion fol-
lowed by a valgus force to the knee with the opposite hand, 
identifying any laxity. This would reproduce concordant pain 
and a sense of instability on testing. If medial laxity is found 
on examination when the knee is in full extension, it may 
point toward a more extensive injury potentially combined 
with cruciate ligament involvement [76].

44.3.2.5  Diagnostic Workup
Diagnosis of the MCL could be done clinically. Before MRI, 
the gold standard diagnostic tool was arthroscopy or surgical 
exploration [74]. Combining history, physical exam, ultraso-
nography, and MRI, most MCL could be diagnosed and 
effectively treated.

X-rays It is likely to be the first diagnostics modality in 
most knee pain including MCL. Occult fractures, avulsion 
fractures, and ossification emphysema are noted on X-ray. 
Stress radiographs can be performed to help with diagnosis.

MRI It is an excellent tool in detecting isolated MCL tears 
or MCL tear in association with ACL or meniscus tear. MRI 
is highly sensitive in detecting meniscal injury (91% lateral 
meniscus, 80.8% medial meniscus), and it is also specific 
(79% lateral meniscus, 85% medial meniscus) [77].

Ultrasound It is a fast, reliable, and relatively inexpensive 
modality that could be used both at sideline and in clinic 
which is able to identify MCL tears with high sensitivity up 
to 94% [78].

44.3.2.6  Treatment

Medical Management
Treatment of the MCL tear depends on the grade of injury 
(Table 44.7). For grade I or II, initial treatment includes use 
of NSAIDs to control pain and swelling, brace to avoid val-
gus stress to the knee (functional hinged knee brace), use of 
crutches immediately after the injury, and eventually partici-
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Fig. 44.11 The knee joint in an AP view identified the medial collat-
eral ligament and lateral collateral ligament providing medial and lat-
eral stability of the joint. (Original Illustration from Yorkshire knee 
clinic, modified by Yasmine Mostoufi)

Table 44.6 Differential diagnosis of medial knee pain

Pes anserine bursitis
Medial collateral ligament injury
Medial meniscus tear
Knee OA
Adductor tendinopathy
Lumbar radicular
ACL tear

Table 44.7 Grading of MCL injury [55, 56] 

MCL injury grading
Grade I: Medial knee pain along the MCL with valgus stress
Mild injury, minor tear without loss of integrity of the MCL
Grade II: Medial knee pain along MCL + slight joint opening with 
firm endpoint
Moderate injury, incomplete tear, increased MCL laxity
Grade III: Medial knee pain along the MCL, significant joint space 
opening, no endpoint
Severe injury, complete tear, gross MCL laxity of MCL
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pation in rehabilitation. Early return to sports is likely in 
grades I and II based on a study of high school football play-
ers who returned to sports on an average of 10.6 days for 
grade I and 19.5 days for grade II after MCL injury [79]. The 
most clinically significant complication of an MCL tear is 
the recurrence of injury [74].

Bracing It is not required for grade I injury, but grade II and 
grade III require functional hinged knee brace for up to 
6 weeks [80].

Rehabilitation
Early initiation of range of motion exercises is encouraged 
particularly in grades I and II injuries. Prolonged immobili-
zation without range of motion exercises may result in col-
lagen degradation of the MCL and bone resorption at the 
insertion point of the ligament [80]. MCL grade I injuries 
can immediately proceed to early ROM rehab exercises. 
Grade II MCL injuries are placed in a protective brace but 
full ROM is allowed. Walking with the brace locked in full 
extension is allowed and is continued until the extension lag 
is improved. Physical therapy exercises include straight leg 
raise, quadriceps sets, and patellar mobilization. Closed 
kinetic chain exercises could be started after full weight- 
bearing is allowed [80].

Procedures
There is no indication for steroid injection in the setting of 
the tear. Clinicians may consider PRP or prolotherapy instead 
of steroids. There are limited studies on the efficacy of such 
regenerative treatments and MCL tears. In a study of effec-
tiveness of PRP in MCL grade III tears, leukocyte-rich PRP 
injection in isolated MCL tear is found to be beneficial par-
ticularly when combined with rehabilitation [81].

Another study was done regarding the utility of intra- 
articular PRP injection in patients with refractory low-grade 
MCL injury. That particular study found an improvement in 
pain but also improvement/healing of the MCL tear in a 
6-month posttreatment using MRI [82].

Surgery
Grade III injuries may lead to surgical correction particularly 
in athletes with return to play goal in which medial knee 
medial knee stability and rotational stability are crucial. 
Most of the grade III injuries are associated with ACL tears, 
requiring surgery. Surgical care requires reconstruction using 
allograft and autograft, and further detail could be reviewed 
in the “Knee Surgeries” chapter. Postoperative bracing 
locked a 30° flexion with touchdown weight-bearing for 
3–4 weeks is recommended [78].

44.4  Lateral Knee Disorders

44.4.1  Iliotibial Band Syndrome

Michael F. Saulle, Charles Scott and Joseph Chin

44.4.1.1  ICD 10 code
M76.31, M76.32

44.4.1.2  Description
Iliotibial band (IT band) syndrome is a lateral knee condition 
frequently exacerbated with repetitive physical activities, 
such as running or cycling. Proximally, the tensor fascia lata 
(TFL) and gluteus maximus merge, providing fascial contri-
butions to the IT band. At the mid-thigh, it associates with 
the linea aspera via the lateral intermuscular septum. Distally, 
it connects to the lateral femoral epicondyle with fibrous 
bands and inserts onto the patella and tibia at Gerdy’s tuber-
cle. The commonly held notion that repeated knee flexion 
and extension lead to IT band friction across the lateral fem-
oral epicondyle at 30° of flexion (zone of impingement) has 
not been supported by anatomic studies [83, 84]. Rather, IT 
band movement around the lateral femoral epicondyle is 
restricted by fibrous bands. Altered tension of the TFL and 
hip musculature may compress the IT band around the lateral 
femoral epicondyle, resulting in compressive forces against 
the highly innervated deep fat pad as a source of pain [85]. 
Poor proximal hip control, genu valgus, and compromised 
rearfoot alignment all likely contribute to the altered biome-
chanics. Reduced hip control results in increased tibial inter-
nal rotation. As a result, the IT band distal attachment is 
moved more medially, augmenting compressive forces 
around the lateral femoral epicondyle. Gluteus medius weak-
ness leads to increased thigh adduction, internal rotation, and 
increased valgus vector at the knee. This places the IT band 
under tension and may contribute to the compression of the 
lateral femoral epicondyle during foot contact when maxi-
mal deceleration occurs to absorb ground reaction force [86]. 
The differential diagnosis for IT band syndrome includes 
injury to the lateral collateral ligament, lateral compartment 
osteoarthritis, lateral meniscus injury, and posterolateral cor-
ner injuries and instability. Unlike a lateral collateral liga-
ment injury which may present acutely after an injury, IT ban 
syndrome may present with increased volume in aerobic 
training. Differential diagnosis of lateral knee pain is in 
Table 44.8.

44.4.1.3  Clinical Presentation
IT band syndrome is associated with lateral knee pain and 
commonly occurs in cyclists, runners, and military recruits 
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who run on cambered surfaces, down hills, or recently have 
increased their aerobic training volume [86, 87]. Patients 
may also complain of “crunching” at the lateral knee when 
using stairs or pedaling bicycles. While typically associated 
with physical activity, in later stages, pain may also occur 
even at rest.

44.4.1.4  Physical Examination
Observe for varus or valgus knee alignment when standing. 
Tenderness and/or crepitus may be palpable over the lateral 
epicondyle 2–3 cm proximal to the lateral joint line as the 
knee is passively ranged, in particular near 30° of flexion. 
Manual testing of hip abductor strength is helpful to assess 
neuromuscular control.

The Ober’s test (Fig. 44.12) may be used to test for short-
ening of the TFL or gluteus maximus. The test is performed 
beginning with the patient lying on the unaffected side with 
hip and knee flexed 90°. The examiner then abducts and 
extends the affected leg while stabilizing the pelvis, and the 
thigh is then allowed to passively adduct. IT band tightness 
is minimal when adducted past horizontal, moderate when 
adducted to horizontal, and maximal if unable to adduct even 
to horizontal [84, 88].

The Noble compression test may elicit pain at the 
LFC. When the patient is lying on his or her side, flex the 
knee to 90° on the affected side and apply pressure to the IT 
band over the LFC and extend the knee. The test is positive 
when the knee approaches 30° of flexion [87].

The modified Thomas test (Fig. 44.12) assesses the flexi-
bility of the hip flexor group and may provide additional 
information about hip abductor and IT band tension. To per-
form this test, the patient lies supine with both knees maxi-
mally flexed to flatten the low back against the examination 
table. While holding the unaffected leg in hip and knee flex-
ion, the affected leg is lowered, and the angle of hip flexion 
is observed. The test is positive when the patient is unable to 
maintain the lower back and sacrum against the table, main-
tain the hip in neutral, or if the hip remains in any degree of 
flexion [86]. Abduction of the hip in the terminal position is 
suggestive of TFL and IT band tension.

44.4.1.5  Diagnostic Workup
Knee radiographs (AP, lateral, and sunrise) may be used to 
rule out other causes of lateral knee pain but will not have 
specific findings for ITB syndrome. Diagnostic ultrasound 
may show thickening of the affected portion of the ITB 
(Fig.  44.13), while high-intensity signal can often be seen 
deep to the ITB on fluid-sensitive MRI sequences [84].

44.4.1.6  Treatments

Medical Management
Relative rest from contributory activities is recommended 
until pain resolution. Intermittent ice, NSAIDs, and targeted 

Table 44.8 Differential diagnosis of lateral knee pain

Bicep femoris tear
Sprain or tear of the lateral collateral ligament
Sprain or tear of posterior cruciate ligament
Posterolateral corner injury
Lateral meniscus tear
Lateral compartment osteoarthritis

a b

Fig. 44.12 Ober’s test (a) and modified Thomas test (b). (Images from author’s library)
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corticosteroid injection may also provide relief from pain. 
Biomechanics should be addressed with shoe modifications, 
foot orthoses, and technical training. Graded return to activ-
ity is appropriate once pain has resolved, usually within 
6–8 weeks of conservative treatment [85]. This may include 
a 6-week progressive running protocol, increasing frequency 
and intensity after 3–4  weeks and gradually adding hills/
cambers if symptom-free while running on flat surfaces.

Rehabilitation
A rehabilitation program will focus on posture, biomechan-
ics, neuromuscular control, and focused stretching of the 
TFL and IT band. The standing IT band stretch (Fig. 44.14) 
can be performed by adducting and extending the symptom-
atic leg across the uninvolved leg. The trunk is then flexed to 
the opposite side until the stretch is felt. This can be per-
formed with the arms overhead, at the side, or diagonally 
downward [87]. Foam rolling and deep tissue massage are 
used to address adhesions. Strengthening of hip abductors 
may involve concentric side-lying leg lifts (Fig.  44.15), 
single- leg balance, step-downs, and pelvic drop (Fig. 44.16) 
exercises. Additional, eccentric, multi-planar exercises 
include the modified matrix (Fig. 44.17), wallbangers, and 
frontal plane lunges [87]. Rehabilitation-based conservative 
treatment of IT band in runners has been demonstrated to be 
effective with return to pain-free running in approximately 
6 weeks [86].

Procedures
Corticosteroids injected deep to the ITB at the lateral femo-
ral condyle can reduce inflammation and pain to facilitate 

Fig. 44.13 This coronal image shows the iliotibial band (black arrow-
heads), distal femur (F), and Gerdy’s tubercle (G). (Images from 
author’s library)

Fig. 44.14 ITB stretch. (Images from author’s library)
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participation in rehabilitation. Trigger point injection and 
dry needling of the gluteus maximus and gluteus medius 
have also been used [85].

Surgery
The surgical release of ITB may be considered if conserva-
tive management fails. Options include percutaneous ITB 
release, Z-plasty, ITB bursectomy, and arthroscopic ITB 
debridement [85].

44.4.2  Lateral Collateral Ligament Injury

Michael F. Saulle, Charles Scott and Joseph Chin

44.4.2.1  ICD 10 Code
• S83.429 Sprain of lateral collateral ligament of unspeci-

fied knee
• S83.421 Sprain of lateral collateral ligament of right 

knee
• S83.422A Sprain of lateral collateral ligament of left 

knee

44.4.2.2  Description
The lateral collateral ligament (LCL), also known as fibular 
collateral ligament (FCL), along with the popliteus and 
popliteofemoral ligament, functions to stabilize against 
varus gapping, external rotation, internal rotation, and pos-
terolateral tibial translation. The LCL originates proximal 
and posterior to the lateral epicondyle and inserts at the lat-
eral aspect of the fibular head, distal to the fibular styloid 
tip. The LCL acts as the primary restraint to varus instabil-Fig. 44.15 Leg lifts. (Images from author’s library)

Fig. 44.16 Pelvic drops. 
(Images from author’s library)
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ity. Peak forces are exerted on the LCL during full knee 
extension and external tibial rotation [7, 89]. Differential 
diagnosis for LCL injury includes LCL sprain, posterolat-
eral corner injury, and lateral meniscus injury. LCL injury 
is unique given the sensation of lateral knee instability and 
is likely seen in the setting of acute trauma or repetitive cut-
ting activities. Differential diagnosis of lateral knee pain is 
in Table 44.7.

44.4.2.3  Clinical Presentation
Patients with lateral collateral ligament (LCL) injuries may 
complain of pain or instability at the lateral knee. Symptoms 
typically onset shortly after a direct blow to the medial side 
of the knee, performing cutting activities, or hyperextension 
of the knee with or without contact. Injuries to the LCL are 
common in sports where quick changes of direction are 
required, such as football, hockey, soccer, and tennis [90].

44.4.2.4  Physical Examination
Figure-of-four position Lateral collateral ligament (LCL) 
tenderness may be present and can be facilitated with the 
figure-of-four position (Fig. 44.18), which allows direct pal-
pation of the LCL. Varus stress test: Varus laxity is best 

observed at 30° of knee flexion for isolated injuries 
(Table 44.4, Fig. 44.18). This laxity may be present at full 
extension (0° of flexion) when there is injury to the lateral 
collateral ligament and anterior and posterior cruciate 
ligaments.

Varus laxity less than 5 mm is classified as a low-grade, 
6–10 mm as a moderate-grade, and greater than 10 mm rep-
resents a high-grade injury. When high-grade LCL injury is 
present, injuries to other posterolateral corner structures and 
the cruciate ligaments should be excluded, as described ear-
lier in this Chap. [90].

44.4.2.5  Diagnostic Workup
Diagnostic imaging may include weight-bearing and stress 
knee radiographs which may show lateral joint line widen-
ing. MR imaging can detect injury at the origin, mid- 
substance, and insertion of the ligament and can evaluate for 
injuries to other lateral knee structures [90]. MRI grading of 
lateral collateral ligament injury is as follows: (I) subcutane-
ous edema or fluid surrounding the ligament, (II) partial tear-
ing with some fibers in continuity, and (III) complete tearing 
with no fibers in continuity [9, 91]. MRI may also demon-
strate bone contusion within the medial compartment result-

Fig. 44.17 Modified matrix. 
(Images from author’s library)
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ing from varus stress. The US is another valuable test for 
evaluating this tendon for abnormal echotexture (Fig. 44.19).

44.4.2.6  Treatments

Medical Management
Isolated grades I and II lateral collateral ligament (LCL) 
injuries can be managed conservatively with functional reha-
bilitation following a brief period of immobilization. For iso-
lated grade III LCL tears, surgical management is associated 
with improved functional outcomes and earlier return to play 
[8, 90].

Rehabilitation
Nonoperative protocols include the use of a hinged knee 
brace until pain free with early passive and active prone knee 

flexion to prevent stiffness in the initial weeks post-injury. 
Lower extremity strengthening is initiated once pain has 
resolved. Patients may return to sport once there is full, pain- 
free range of motion and resolution of ligamentous laxity, 
typically at 4 weeks for grade I injuries and 10 weeks for 
grade II injuries. Following ligamentous reconstruction, a 
knee immobilizer is used for 6 weeks followed by aggressive 
quadricep strengthening. Hamstring strengthening is delayed 
until 4 months postoperatively, at which time a sport-specific 
therapy program may commence [91, 92].

Procedures
While there is limited literature discussing the use of PRP to 
treat LCL injury, leukocyte-rich PRP may have some utility 
in the treatment of ligamentous injury generally [93]. It is, 
therefore, reasonable to consider its use for treatment of iso-
lated grade I and II injuries.

Surgery
Isolated ligamentous repair is indicated for acute grade III 
injuries when the ligament is avulsed from an attachment 
site; for example, a bioabsorbable suture may be used to 
anchor the LCL at its femoral attachment. For complete mid- 
substance tears with persistent instability, ligamentous 
reconstruction may be recommended. For example, a patel-
lar tendon allograft may be used in an isometric reconstruc-
tion [90]. LCL injury and instability places other ligament 
reconstructions at risk of failure; lateral knee instability 
increases stress on the ACL and PCL reconstruction grafts. 
Therefore, in combined lateral soft tissue ligament knee and 
cruciate ligament injury, surgical repair or reconstruction of 
the LCL is essential [89]. Varus knee deformity with associ-
ated lateral instability may require osteotomy with ligament 
reconstruction [85].

Fig. 44.19 This coronal oblique image shows the popliteus tendon 
(black arrows) with the lateral collateral ligament (black arrowheads) 
coursing superficially from its origin at the lateral femoral condyle (F). 
(Images from author’s library)

Figure-of-four Varus Test

Fig. 44.18 Figure-of-four and varus stress test of the knee. (Images from author’s library)
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44.4.3  Popliteus Injury

Michael F. Saulle, Charles Scott and Joseph Chin

44.4.3.1  ICD 10 Code

• M76.899 Popliteus tendonitis
• M66.109 Injury to popliteus muscle

44.4.3.2  Description
Despite its small size, the popliteus muscle is an important 
dynamic stabilizer of the posterolateral knee. This thin, trian-
gular muscle originates at the popliteus sulcus of the lateral 
femoral condyle (LFC). After coursing through the popliteus 
hiatus, it passes beneath the lateral collateral ligament (LCL) 
and the tendon of the short head of the biceps femoris and 
then widens distally before inserting broadly over the proxi-
mal 10–12  cm of the posterior tibia superior to the soleal 
line. The proximal tendon originating at the LFC also con-
tains aponeurotic fibers that blend with the joint capsule, the 
posterior horn of the lateral meniscus, and the fibular head 
[94, 95]. The popliteus muscle is innervated by the tibial 
nerve with contributions from the L4, L5, and S1 nerve roots.

The popliteus muscle acts as the primary medial rotator of 
the tibia during non-weight-bearing and helps to prevent 
excessive tibial external rotation during the swing phase of 
gait. During weight-bearing, its action results in lateral rota-
tion of the femur, helping to unlock the fully extended knee 
in preparation for the swing phase [94, 96]. Together with 
other posterolateral stabilizers such as the posterior collat-
eral ligament (PCL), the popliteus helps prevent posterior 
translation of the tibia relative to the femur. It may also play 
a role in the retraction of the lateral meniscus during knee 
extension, serving to prevent meniscal entrapment between 
the femur and tibia [94, 95, 97].

Isolated popliteus injury is less common than those that 
occur in the setting of complex posterolateral corner (PLC) 
injuries [96, 98]. Most isolated popliteal injuries are trau-
matic in origin, commonly involving strain or tear of the 
muscle-tendon unit. Tendon avulsion injuries at the LFC are 
commonly reported [96, 99]. Popliteus tenosynovitis and 
tendinopathy are the most frequently encountered overuse 
injuries. The intra-articular portion of the popliteus tendon is 
also susceptible to iatrogenic injury during knee arthroscopy. 
Differential diagnosis of popliteus injury is in Table 44.9.

44.4.3.3  Clinical Presentation
Traumatic popliteus injuries, including strain, rupture, or 
avulsion, commonly occur in field sports when varus force is 
applied to the knee with the tibia externally rotated, or with 
knee hyperextension or flexion with forced external rotation. 
These may present as an acutely swollen knee with postero-

lateral tenderness. Patients may describe subjective instabil-
ity with the knee extended. Pain is reproduced with resisted 
tibial internal rotation [96]. Overuse injuries of the popliteus 
tendon, including tenosynovitis and tendinopathy, are more 
commonly described in runners. These injuries present as 
chronic posterolateral knee pain that may be clinically mis-
taken for a lateral meniscus injury. Runners may report 
reproduction of symptoms with fast downhill running. The 
popliteus may be subjected to increased stress during down-
hill gait as it serves to limit anterior displacement of the 
femur relative to the tibia and may also play a role in prevent-
ing forward rotation of the LFC on the tibia. Pain may also 
be noted with walking or running on uneven terrain or with 
descending stairs [94, 96].

44.4.3.4  Physical Examination
Although several physical examination maneuvers have been 
described to evaluate PCL injury, validated maneuvers to test 
the popliteus muscle-tendon unit in isolation are lacking. 
Reproduction of posterolateral pain with resisted tibial inter-
nal rotation is suggestive of popliteus injury. The shoe 
removal maneuver, performed by having the patient inter-
nally rotate the affected leg and attempt to push off the con-
tralateral shoe, may also suggest injury to the popliteus 
[100]. When there is a clinical suspicion for popliteal injury, 
examination maneuvers to detect posterolateral rotatory 
instability should be performed. These include the dial test 
and the reverse pivot-shift test. The dial test is suggestive of 
PLC injury when passive external tibial rotation is increased 
by more than 10° compared to the opposite knee when the 
knee is tested in 30° of flexion. An increase in passive exter-
nal tibial rotation by more than 10° in both 30° and 90° of 
knee flexion (Fig.  44.20) is suggestive of concurrent PLC 
and PCL injury [52]. The reverse pivot-shift test is performed 
by slowly extending the knee from a position of 90° of flex-
ion while applying a valgus force and tibial external rotation. 
If a clunk is palpable as the lateral tibial plateau shifts from 
the position of posterior subluxation to its reduced position, 
the test is considered positive and indicates the presence of 
instability [52].

Table 44.9 Differential diagnosis of popliteus injury

Iliotibial band syndrome
Distal biceps femoris tear/tendinopathy
Sprain or tear of the lateral collateral ligament (LCL)
Sprain or tear of the posterior cruciate ligament (PCL)
Posterolateral corner injury
Posterolateral rotatory instability
Lateral meniscus tear
Bone contusion
Proximal tibiofibular syndesmosis injury
Lateral knee compartment osteoarthritis
Lateral femoral condyle osteochondritis dissecans
Lateral tibial plateau fracture
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44.4.3.5  Diagnostic Workup
When popliteus or posterolateral corner (PLC) injury is sus-
pected, standard plain radiographs of the knee are initially 
obtained. In popliteus avulsion injuries, these may demon-
strate a bony avulsion fragment at the level of the lateral 
femoral condyle [99]. Though technically challenging to 
obtain due to pain with acute injury, valgus stress films with 
the knee in 20° of flexion can suggest PLC injury when lat-
eral tibiofemoral joint gapping occurs greater than 4  mm 
relative to the unaffected side [55].

Plain radiographs are generally not sufficient to diagnose 
and characterize complex knee injuries. Ultrasound can sup-
plement soft tissue examination (Fig. 44.19). Magnetic reso-
nance imaging (MRI) is indicated whenever posterolateral 
instability is noted on examination or posterolateral corner 
injury is suspected [52, 94]. Standard views are often suffi-
cient, but coronal oblique views oriented in the plane of the 
popliteus tendon may allow for improved visualization of the 
PLC structures [52, 96]. Popliteus rupture may appear as 
irregularly contoured tendon and/or disorganized muscle 
fibers associated with surrounding high signal changes 
(edema) [18, 52]. Increased signal around or within the ten-
don on T2-weighted imaging is suggestive of tendonitis or 
tenosynovitis.

44.4.3.6  Treatments

Medical Management
Popliteus tenosynovitis and tendinopathy are initially treated 
conservatively with relative rest from precipitating activities, 
ice, compression, elevation, and nonsteroidal anti- 
inflammatory medications. Consensus is lacking around the 
treatment of isolated popliteal tendon rupture and avulsion, 
but a diversity of case reports and case series favors 

 conservative treatment with bracing and rehabilitation in 
cases where instability is absent [96, 101, 102].

Rehabilitation
For isolated popliteus injury without instability, progressive 
functional rehabilitation focusing on eccentric quadriceps 
strengthening and lower extremity flexibility is recom-
mended [103]. The rationale for strengthening the quadri-
ceps is that a fatigued quadricep will strain the popliteus.

Procedures
As in other types of tendinopathy, the treatment of refractory 
popliteus tendinopathy has often involved peritendinous 
injection of corticosteroid. There is a growing interest in the 
utilization of PRP for the treatment of tendinopathy includ-
ing popliteus tendinopathy and tenosynovitis.

Surgery
Popliteus injury occurring in the setting of high-grade PLC 
injury should be surgically addressed within 2–3 weeks of 
injury in order to prevent chronic posterolateral instability 
[11, 18, 52, 94]. Surgical management of injured primary 
PLC structures, including the popliteus, consists of repair 
when structures can be reduced to their point of origin. When 
reduction is not possible, reconstruction may be necessary.

44.4.4  Proximal Tibiofibular Joint Injury

Michael F. Saulle, Charles Scott and Joseph Chin

44.4.4.1  Synonyms
Reactive arthropathy of the tibiofibular joint, Rheumatoid 
arthritis of the tibiofibular joint.

A-30 Degree B-90 Degree

Fig. 44.20 Dial test at 30° (a) and Dial test at 90° (b). (Images from author’s library)
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44.4.4.2  ICD 10 Code

• S83.60XA Sprain of the superior tibiofibular joint and 
ligament

• S83.61XA Sprain of the superior tibiofibular joint and 
ligament, right

• S83.62XA Sprain of the superior tibiofibular joint and 
ligament, left

• M0209 Reactive arthropathy of the tibiofibular joint
• M06.9 Rheumatoid arthritis of the tibiofibular joint

44.4.4.3  Description
The proximal tibiofibular joint (PTFJ) is a synovial articula-
tion composed of the posterolateral tibia and anteromedial 
portion of the fibula. Anatomic and radiographic studies 
show the PTFJ communicates directly with the tibiofemoral 
compartment of the knee joint in a varied percent of the pop-
ulation [104]. It is bound by a fibrous capsule along and sta-
bilized by the anterior proximal tibiofibular ligament 
(APTFL), posterior proximal tibiofibular ligament (PPTFL), 
and more distally by the interosseous syndesmotic mem-
brane (IOSM). The APTFL consists of three bands, provid-
ing greater thickness and tensile strength than the single 
broad band of the PPTFL [105, 106]. The APTFL stabilizes 
the joint when the ankle is plantarflexed and everted, while 
the PPTGL stabilizes the joint with ankle dorsiflexion, inver-
sion, and knee flexion [105]. Both ligaments, along with the 
IOSM, provide rotational stability of the joint. The PTFJ has 
a variety of morphologic configurations accounting for vari-
ations in biomechanical stress, which led to the variable 
development of pathology [105]. The joint has three biome-
chanical functions: dissipation of torsional forces applied to 
the ankle, dissipation of lateral tibial forces, and providing 
tensile weight-bearing [105]. Mobility of the PTFJ is largely 
dependent on the adjacent knee and ankle joints. It is also 
important to note the proximity of the common fibular nerve 
to the PTFJ as it courses circumferentially and distal to the 
joint. Differential diagnosis of the proximal tibiofibular pain 
is in Table 44.10.

44.4.4.4  Clinical Presentation
Isolated pathology at the proximal tibiofibular joint is rare, 
accounting for approximately 1% of all knee injuries [87]. 
It is often accompanied by ankle injuries or bony fractures 
of the lower leg. Instability, dislocation, osteoarthritis 
(OA), contusion, fracture, and cancer (osteosarcoma) are 
some of the reported issues affecting the PTFJ. Dislocation 
of the PTFJ is an uncommon and often missed diagnosis 
typically in the setting of lower extremity injury. Patients 
typically present with acute lateral knee pain following 
some form of high-energy trauma to the lateral leg. The 
patient may also report the injury occurred while landing 
on their leg with a rotated and flexed knee and a plan-
tarflexed foot. These injuries occur mostly in the second to 
fourth decades and are associated with sports such as foot-
ball, rugby, wrestling, gymnastics, long jumping, dancing, 
judo, and skiing. In contrast individuals with pain from 
PTFJ instability may have a history of lateral leg injury, but 
no acute trauma that precedes their presentation. They will 
complain of chronic intermittent lateral knee pain with 
some noting knee popping and transient nerve pain. The 
demographic for PTFJ instability will be similar as those 
with frank dislocations.

In some patients, instability may remain asymptomatic, 
leading to eventual progression to symptomatic PTFJ osteo-
arthritis (OA). PTFJ OA is uncommon and manifests in the 
fifth to sixth decades of life as either primary or post trau-
matic OA. Patients present with an insidious onset, typically 
with some relevant history of prior injury, dislocation, or sur-
gery. Symptoms consist of well-localized lateral knee and 
leg pain that is worse with activities like standing and 
walking.

44.4.4.5  Physical Examination
Physical exam of the fibular head begins with side-to-side 
comparison of surface anatomy looking for any prominence, 
asymmetry, swelling, or masses. Palpation over the proximal 
tibiofibular joint is often confirmatory for pathology. 
Springing of the fibular head can help assess for instability, 
dislocation, and localized pain. In the case of the proximal 
tibiofibular joint dislocation (dependent on type), deformity 
and prominence of the fibular head will be present. On pas-
sive range of motion, there may be associated crepitations, 
popping, and limited knee extension. In those with lateral leg 
paresthesias, there may be a positive Tinel’s sign at the fibu-
lar head or common fibular nerve palsy. Physical exam 
should also consist of careful evaluation of the foot and ankle 
as passive ankle movements may also precipitate lateral knee 
pain. The exam for PTFJ instability and OA will clinically 
appear similar with many of the aforementioned features 
with the exception of large bony deformity.

Table 44.10 Differential diagnosis of the proximal tibiofibular pain

Iliotibial band syndrome
Distal biceps femoris tear/tendinopathy
Sprain or tear of the lateral collateral ligament (LCL)
Sprain or tear of the posterior cruciate ligament (PCL)
Posterolateral corner injury
Posterolateral rotatory instability
Lateral meniscus tear
Bone contusion
Proximal tibiofibular syndesmosis injury
Osteosarcoma
Rheumatoid arthritis
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44.4.4.6  Diagnostic Workup
Initial imaging should consist of bilateral AP and lateral knee 
radiographs looking for increased interosseous gapping and 
associated fractures. When these images are inconclusive, 
MRI or CT imaging is indicated. Advanced imaging is 
needed when evaluating proximal tibiofibular joint disloca-
tions to classify the dislocation type and help guide treat-
ment. The Ogden classification describes four types of PTFJ 
dislocations (Table 44.11) [107, 108].

44.4.4.7  Treatments

Medical Management
Treatment of proximal tibiofibular joint dislocation is largely 
conservative, consisting of closed reduction and fixation 
with a backslab splint or brace followed by 2–6  weeks of 
immobilization and modified weight-bearing. Closed reduc-
tion for types III and IV dislocations, though challenging, 
may be attempted. Failure should prompt open reduction. 
Following reduction medical management consists of pro-
tection, rest, ice, compression, elevation, and NSAIDs. The 
medical management of PTFJ instability and OA consists of 
bracing, NSAIDs, topical anti-inflammatories, and activity 
modifications.

Rehabilitation
Physical therapy is recommended following the recom-
mended 2–6 weeks of proximal tibiofibular joint immobili-
zation following reduction. Focus should be directed at 
restoring proximal hip and core strength followed by closed- 
chain isometric quadricep strengthening with eventual pro-
gression to open-chain strengthening. Therapy should also 
be directed at restoring any alterations in foot and ankle 
mechanics following trauma to the PTFJ.

Procedures
For proximal tibiofibular joint OA, ultrasound or fluoroscop-
ically guided corticosteroid injections can provide accurate 
delivery of medications for symptomatic relief. The role for 
regenerative treatments for proximal tibiofibular OA is 
unclear, though based on existing literature for knee OA, 

leukocyte-poor platelet-rich plasma (PRP) is a reasonable 
treatment option for OA and leukocyte-rich PRP for capsular 
ligaments [109]. Leukocyte-rich PRP may have some utility 
in the treatment and tightening of ligaments and may be con-
sidered for proximal tibiofibular capsular laxity [93]. There 
are no studies specifically looking at PRP and its application 
to this condition.

Surgery
Surgery is indicated for proximal tibiofibular joint disloca-
tion resulting in neurovascular compromise, recurrent dislo-
cation, instability, or chronic pain. There are a variety of 
surgical approaches including open reduction, internal fixa-
tion, ligament reconstruction, and fibular head resection 
[107, 110]. In the setting of chronic instability and failed 
conservative care, proximal tibiofibular ligament reconstruc-
tion, specifically biceps rerouting and anatomic graft recon-
struction, leads to improved outcomes with low complication 
rates [107]. If left uncorrected, chronic proximal tibiofibular 
instability can lead to OA, fibular nerve palsy, and chronic 
pain. In the setting of instability and osteoarthritis that have 
failed conservative care, arthrodesis may be indicated.
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Knee Dislocations and Fractures

Jennifer Soo Hoo, Gerard D’Onofrio, and Gisela Figueroa

45.1  Synonyms

Kneecap dislocations
Dislocated kneecap
Patellar subluxation
Tibiofemoral dislocation
Knee subluxation
Knee dislocation
Patellar fracture
Tibial plateau fracture
Proximal tibia fracture

45.2  Knee Dislocations (S83.0)

45.2.1  Description

45.2.1.1  Anatomy of Patellofemoral Joint
The patellofemoral joint is one of the three main compart-
ments of the knee. See anterior knee section for more detail 
regarding anatomy. The role of this joint is to enhance the 
extensor mechanism of the knee by increasing the moment 
arm of the quadriceps tendon on the tibia, increasing mechan-
ical efficiency. Stability of the patella in the trochlear groove 
is provided by static and dynamic stabilizers. The bony con-
tour of the patellofemoral joint provides static stabilization. 
Further, the medial and lateral patellofemoral ligaments add 
stability. A hypoplastic patellar ridge, flat trochlea, or 
increased Q angle can all predispose the patella to dislocate.

The quadriceps tendon and patellar tendon (ligament) are 
the main dynamic stabilizers of the patellofemoral articula-
tion. Rupture of the medial patellofemoral ligament results 
in unopposed pull from lateral structures, such as the tensor 
fascia lata, lateral patellofemoral ligament, and the quadri-
ceps tendon superiorly [1]. Articular hyaline cartilage, 
mostly type II collagen, covers the trochlear groove and 
patellar facets. The lateral patellar nerve innervates the 
lateral- anterior border of the patella, with the medial plantar 
nerve innervating the patella at the medial-anterior portion. 
These are both distal branches of the femoral nerve [2]. The 
vascular supply of the patellofemoral joint is provided by the 
genicular arteries.

45.2.1.2  Anatomy of Tibiofemoral Joint
The tibiofemoral joint is formed by the articulation of the 
medial and lateral femoral condyles with the corresponding 
tibial plateaus. These articulations are covered by hyaline 
cartilage, comprised of type II collagen. The tibiofemoral 
articulation is inherently unstable as the bony morphology 
does not provide significant stability. Thus, the joint is stabi-
lized by the medial and lateral collateral ligaments as well as 
the anterior and posterior cruciate ligaments. Muscles cross-
ing the tibiofemoral joint, such as the hamstrings, gastrocne-
mii, quadriceps, popliteus, and tendons of the pes anserine 
complex, add dynamic stability [1].

Patellar dislocations are the most common type of the 
knee dislocated. They most often result due to an injured 
medial patellofemoral ligament. This results in a destabilized 
patella because the medial patellofemoral ligament is the 
dominant medial static stabilizer of the knee.

Tibiofemoral dislocations or knee joint dislocations are 
very rare but considered a surgical emergency. It is important 
to know how to identify and screen for these as they require 
rapid transport to the ER for further evaluation.
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45.2.2  Clinical Presentation

45.2.2.1  Patella Dislocation
Patellar dislocations often occur as a result of noncontact 
injury, during which twisting activities can result in disloca-
tion of the patella. In contact circumstances, there may be a 
direct blow to the knee with valgus force that destabilizes the 
patella. Notably, there is a high rate of recurrence of these 
injuries, with approximately 50% of patients experiencing 
recurrent injuries. The main complaints after patellar dislo-
cation are instability, locking of the knee, and pain. A lateral-
ized patella can be appreciated with an altered contour of the 
knee joint. Rapid accumulation of swelling may occur due to 
the acute injury, and patients may note difficulty bearing 
weight through the knee. Predisposing factors are those such 
as patella alta (high-riding patella), as well as trochlear dys-
plasia or quadriceps dysplasia [3]. Patellar dislocations occur 
commonly in the second decade and are more common in 
females.

45.2.2.2  Tibiofemoral Dislocation
Patients with instability or pain should be evaluated for tibio-
femoral dislocation, as it is a surgical emergency and concur-
rent vascular injuries and jeopardize the lower extremity. 
Specifically, the popliteal artery is at risk of injury during 
tibiofemoral dislocation as well as the common peroneal 
nerve. The incidence of neurologic injury with tibiofemoral 
dislocation ranges from 10% to 40%. Cruciate ligaments 
may be torn in tibiofemoral dislocations and indicate worse 
functional outcomes. Tibiofemoral dislocation usually 
occurs in high-impact trauma. A posteriorly directed force 
across the tibia can cause posterior dislocations, whereas 
hyperextension injuries tend to cause anterior dislocations 
(most common). Tibiofemoral dislocations cause injuries to 
multiple ligaments. Patients typically present with severe 
pain, instability, and may hear a “pop” during the injury. 
They are unable to return to sport. There may be gross defor-
mity depending on if the knee stays dislocated. Depending 
on whether vascular or nerve supply is affected, there may be 
numbness/tingling, weakness, and skin color change. This is 
a true surgical emergency [4].

45.2.3  Physical Examination

45.2.3.1  Patella Dislocation

Inspection The examiner should appreciate abnormal con-
tour of the knee joint and altered patellar alignment, which 
may be assessed with patellar tilt and inclination. A lateral-
ized patella may be at the level of the patellar facets or super-
olaterally. Discoloration may be evident along the medial 

aspect of the patellar facets, where the medial patellofemoral 
ligament may have been injured.

Palpation Patients may have tenderness to palpation evi-
dent on the medial aspect of the patella, due to injury of the 
medial patellofemoral ligament.

Range of motion General range of motion may be limited 
due to traumatically associated hemarthrosis of the knee. 
Further, the range of motion of the patellae can be appreci-
ated with increased patellar translation, and patients may 
demonstrate apprehension during passive movement of the 
patella by the examiner. Patients will have pain or exhibit 
apprehension, which indicates patellar instability or medial 
patellofemoral ligament or medial retinaculum injury [1].

45.2.3.2  Tibiofemoral Dislocation

Inspection If the knee doesn’t spontaneously reduce, the 
knee joint can be obviously deformed with associated swell-
ing and bruising.

Neurovascular assessment Neurovascular assessment 
should be the main focus of evaluation due to potential injury 
of the popliteal artery and common peroneal nerve. Thorough 
evaluation should be performed with focus on dermatomes, 
myotomes, capillary refill, skin color, skin temperature, and 
dorsalis pedis and posterior tibial pulses. Strength testing at 
the knee should be avoided due to likely substantial ligamen-
tous and soft tissue damage during injury.

45.2.4  Diagnostic Workup

X-ray X-rays are the staple of diagnosis for patellar dislo-
cation and aid to rule out associated osteochondral fractures. 
Radiographs of the knee should have anteroposterior, lateral 
(with appropriate condylar alignment), and skyline films. 
Patella alta or a high-riding patella can be appreciated on 
lateral films, and the skyline films help to determine patellar 
tilt and position relative to the trochlear groove. X-rays will 
indicate tibiofemoral malalignment in cases of tibiofemoral 
dislocation [1].

MRI MRI is of importance for tibiofemoral dislocations as 
well, as it helps to provide insight into ligament integrity. 
MRIs may be indicated if the patient has recurrent patellar 
dislocations and there is concern for associated ligamentous 
and meniscal injury that may have occurred during the injuri-
ous episode. There is usually a characteristic bruising pattern 
of the lateral femoral condyle and medial patella in patellar 
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dislocations. Further, MRI may reveal disruption of the 
medial patellofemoral ligament at the medial femoral epi-
condyle insertion. MRI can also provide information about 
articular cartilage damage on the medial patellar facet and 
whether there are additional osteochondral lesions.

Vascular studies In cases of tibiofemoral dislocation, vas-
cular studies such as an ankle-brachial index (ABI) and vas-
cular angiography are of value because they can elucidate 
whether the dislocation caused injury to popliteal artery. ABI 
provides a measurement of blood pressure in the ankle ver-
sus in the arm, whereas the CT angiography would provide a 
gold standard picture of the vascular network at the knee and 
below [4].

45.2.5  Treatment

45.2.5.1  Medical Management
Acute management of an acute patella dislocation includes 
prompt reduction of the patella by flexing the hip to relax 
the tension on the patella exerted by the quadriceps and 
subsequently, extending the knee. After confirming there 
are no significant, concurrent injuries that require further 
investigation, management is largely conservative. The 
emphasis is on abating the acute injury with rest, ice, com-
pression, and elevation. Short-term NSAIDs can be used, 
and bracing in a J-brace or patella-stabilizing sleeve may be 
beneficial for the first 2–4 weeks. Patients are permitted to 
be weight-bearing as tolerated and may use crutches to aid 
them ambulate [5].

Initial treatment for tibiofemoral dislocation includes 
immediate reduction and splinting of the knee in extension 
or in the most comfortable position. Subsequently, the patient 
should be immediately transported to the nearest emergency 
room.

45.2.5.2  Rehabilitation
Tibiofemoral Dislocation Rehab
As this is a surgical emergency, this should be taken to the 
ER, and rehabilitation should not be tried as first-line 
treatment.

Patella Dislocation Rehab
Rehabilitation is important for those who sustained acute or 
recurrent patellar dislocations and are treated nonoperatively. 
Variations in treatment interventions for nonoperative patel-
lar dislocations exist. There are no standardized clinical 
practice guidelines for nonoperative physical therapy inter-

ventions. There is a lack of quality evidence to support the 
use of any specific nonoperative method for the treatment of 
patellar dislocations [6]. Variations in treatment interven-
tions for nonoperative patellar dislocations exist. Treatment 
interventions initially consist of reducing pain and edema 
through ice, compression, and elevation.

• Immobilization: After an acute patellar dislocation, the 
most common form of treatment is knee immobilization 
into extension to allow for healing and decrease stress of 
the soft tissue structures at the knee. Various knee immo-
bilization braces, splints, or cast are used with duration of 
immobilization ranging from 3 weeks or greater [6, 7].

• Exercises: Strengthening begins with improving quadri-
ceps activation including vastus medialis oblique activa-
tion. Electrical stimulation can be used to improve 
quadriceps muscle activation. As edema decreases and 
early healing has occurred, range of motion is progressed 
along with strengthening [8]. Posterior and lateral hip 
strengthening can be incorporated to address any weak-
ness associated with excessive femoral internal rotation. 
Flexibility training of the quadriceps and gastrocnemius 
muscles may help to optimize patellar alignment and 
tracking. As functional mobility progresses, a patellar sta-
bilization brace can be used for increased stability [7, 8].

• Patellar taping can also be used to improve patellar align-
ment and tracking [6].

• Manual techniques including patellar mobilizations and 
soft tissue massage may be used to address any superior 
or lateral soft tissue restrictions at the knee to improve 
patellar alignment and tracking within the femoral groove.

• Orthotics may be considered to correct for excessive foot 
pronation and tibial internal rotation possibly contribut-
ing to patellar instability [8]. Physical therapy exercises 
should focus on quadriceps and vastus medialis oblique 
strengthening, core strengthening, and proprioceptive 
training after patellofemoral dislocation.

45.2.5.3  Surgery
Patients with recurrent patella dislocations may require eval-
uation from orthopedic surgery so that stabilization can be 
achieved without further injury to the knee joint from dislo-
cations. There is a paucity of evidence regarding the thresh-
old for surgical intervention after recurrent patellofemoral 
dislocations. Tibiofemoral dislocations are a surgical emer-
gency and must be brought to the nearest emergency room 
immediately for evaluation by a surgeon. Please see Knee 
Surgery chapter for more details.
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45.3  Knee Fractures (S82.1)

45.3.1  Description

Anatomy The tibial plateau is the most proximal tibial sur-
face which articulates with the femur [9]. It is divided into 
two sections, lateral tibial plateau and medial tibial plateau. 
The tibial plateau is a weight-bearing surface for the lower 
extremity, and fractures may occur due to axial loading 
forces or a valgus/varus moment leading to mechanical axis 
malalignment [10]. The tibial plateau is supplied by the 
genicular nerves. The vascular supply of the knee is largely 
provided by the popliteal artery and the four anastomosing 
genicular arteries [16].

Two of the most common knee fractures include patella 
and tibial plateau fractures. Tibial plateau fractures may 
result from traumatic injury or bone insufficiency, whereas 
patellar fractures commonly occur from either a direct blow 
to the patella or a failed knee extensor mechanism.

45.3.2  Clinical Presentation

45.3.2.1  Tibial Plateau Fractures
Patients will present with pain on weight-bearing. They may 
also present with associated effusions and decreased range of 
motion. Discoloration of the skin may be evident due to local 
injury. If the mechanism of injury is a fall from height—a 
common mechanism of injury for tibial plateau fracture—
patients may have pelvic or spinal injuries as well. The 
mechanism of injury can be both low energy in the form of 
insufficiency fractures in osteoporotic patients or high- 
energy association with a traumatic event. The fractures typi-
cally occur along the lateral condyle but may be bicondylar 
or along the medial condyle. Tibial plateau fractures may be 
associated with meniscal tears, anterior cruciate ligament 
tears, or vascular injuries. The injuries tend to occur in 
younger males or frail, elders with underlying osteoporosis 
[17]. In addition, tibial plateau fractures should be assessed 
for concomitant dislocation/relocation injury and neurovas-
cular compromise.

45.3.2.2  Patellar Fractures
It may occur as a result of either a blow to the anterior knee 
or a failed extensor mechanism of the knee. Patients will be 
unable to extend the knee and will have pain and swelling 
localizable to the patella. The sesamoid patella can fail 
when an opposing force is acting to flex the knee. For patel-
lar fractures, patients should be assessed for associated 
femoral neck injuries and knee dislocation [11]. Contact 
sport athletes such as football players are at risk for direct 
blows to the knee causing patellar fractures. Elderly patients 

with weakened bone may suffer patella fractures as a result 
of the forces exerted on the patella exceeding strength of 
the bone [16].

45.3.3  Physical Examination

Inspection Both tibial and patellar fractures may present 
with redness evident on inspection. Further, there may be a 
dome effusion around the patella, obscuring the margins of 
the patella [16].

Palpation Direct pressure to either the patella or tibial pla-
teau will result in pain reproduction in cases when those 
structures are fractured. Compartment syndrome must be 
ruled out in the case of knee fractures and may be evident 
when compartments are not compressible as compared to the 
contralateral knee.

Range of motion Active range of motion for the quadriceps 
muscles may be impaired in patellar fractures due to failure 
of the extensor mechanism. The patella acts to increase 
leverage for the quadriceps, and thus, if it is fractured, the 
patient may be unable to complete knee extension range of 
motion testing. Tibial plateau fractures may also have com-
promised range of motion due to a knee effusion associated 
with the fracture.

Manual muscle testing Muscular strength is diminished in 
the setting of patellar fractures as the sesamoid patella acts to 
transmit forces generated by the quadriceps. This would be 
evident in knee extension manual muscle testing.

Provocative maneuvers A straight leg test may be used to 
test the extensor mechanism of the knee joint in cases of 
patellar fractures and ultimately provide insight into the 
integrity of the patellofemoral junction.

Gait analysis Patients with knee fractures will walk with 
an antalgic gait and attempt to offload the affected side. 
This may include reduced time in stance phase and exhibit 
failure to flex the knee throughout the stance phase of the 
gait cycle.

45.3.4  Diagnostic Workup

X-ray Plain films are essential for the diagnosis of tibial pla-
teau and patellar fractures. A knee trauma series should be 
ordered for evaluation of patellar fractures and tibial plateau 
fractures [16]. X-rays are useful because they not only pick 
up fractures but may also demonstrate radiopaque blood in 
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hemorrhagic, traumatic effusions post-injury. Both antero-
posterior and lateral knee X-rays are necessary to elucidate 
tibial plateau fractures and patellar fractures. The Schatzker 
classification system, used for tibial plateau fracture, is a six- 
grade classification (Fig.  45.1). Schatzker type I fractures 
and, occasionally, type II fractures are amenable to conserva-
tive treatment [17]. Patellar fractures can be classified as 
either displaced or nondisplaced. The displaced fractures 
generally have a step-off greater than 2 mm and a fracture 
gap greater than 1–4 mm [11].

CT Scan In the event clarity is needed after obtaining plain 
films, CT scans can provide a greater degree of insight into 
knee fractures. CT scans can be coupled with vascular imag-
ing can evaluate vascular integrity. Figure 45.2 below shows 
an impaction fracture of the posteromedial tibial plateau in a 
patient with underlying bone demineralization.

45.3.5  Treatment

45.3.5.1  Medical Management
Tibial Plateau Fracture
Schatzker type I fractures and, occasionally, type II frac-
tures are amenable to conservative treatment. Grade I frac-
tures can be managed with knee immobilizers, hinged knee 
brace, or cast for 6–8 weeks as well as non-weight-bearing 
for 6–12 weeks [16]. More advanced grades require surgi-
cal intervention and may be permitted for greater range of 

motion postoperatively, but still require the patient to be 
non-weight-bearing for 12 weeks.

Patellar Fracture
Nondisplaced fractures with an intact extensor mechanism 
can be managed with a knee immobilizer for 6–8 weeks with 
active and active-assisted range of motion beginning at 
1–2  weeks. Partial, early weight-bearing is recommended 
with the knee brace locked in extension [11, 16].

45.3.5.2  Rehabilitation
Tibial Plateau Fracture Rehab
Nonoperative tibial plateau fractures require physical ther-
apy intervention. There is limited research published to guide 
the rehabilitation process. Goals of the acute phase are to 
protect the healing fracture. A long-hinged knee brace may 
be prescribed by the physician to decrease torsional forces at 
the knee and allow for safe mobilization [12]. While the 
brace may be unlocked to perform exercises, the patient may 

Fig. 45.1 The Schatzker classification system is used for tibial plateau 
fracture. (Modified Illustration by Yasmine Mostoufi)

Fig. 45.2 CT scan showing impaction fracture of posteromedial tibial 
plateau
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be instructed by the physician to lock the brace into exten-
sion during transfers and ambulation to provide stability at 
the knee. Weight-bearing precautions including duration and 
progression are provided by the physician ranging from non- 
weight- bearing to partial weight-bearing to offload the frac-
ture sight. Pain and edema are treated with compression, 
elevation, and ice. Strengthening of quadriceps and gluteal 
isometrics are initially performed in open chain positions 
until the physician clears the patient for weight-bearing 
activities. Electrical stimulation may be used to increase 
quadriceps strength. Hip strengthening is initially performed 
with the knee brace locked in extension and may include 
straight leg raises in all planes of motion. Gastrocnemius 
strengthening using TheraBand can also be incorporated. 
The physician will guide the range of motion precautions. To 
decrease joint stiffness, active, active assist, and passive knee 
flexion/extension range of motion are performed during 
physical therapy sessions. Quadriceps, hamstrings, and gas-
trocnemius stretching can improve mobility of the affected 
lower extremity. Manual techniques such as patellar mobili-
zations and soft tissue massage help to improve knee range 
of motion and knee arthrokinematics. Once the patient has 
been cleared for weight-bearing at tolerated, closed chain 
strengthening such as step up/down exercises should be 
incorporated to progress lower extremity strength. Multi- 
surface and multiplane balance training is also included at 
this phase in order to improve lower extremity stability dur-
ing functional mobility. Gait training is necessary to improve 
gait speed in various directions and progress the patient to 
ambulation without an assistive device or to a less restrictive 
device [12].

Patella Fracture Rehab
There are few published recommendations for physical ther-
apy management. During the acute phase of injury, the goals 
of rehabilitation are to protect the healing fracture site and 
limit tensile loading through immobilization using bracing 
or casting into knee extension [13–16]. The duration of 
immobilization is physician-guided and ranges from 4 to 6 
weeks [14–16]. Weight-bearing precautions and progression 
are provided by the physician and range from partial weight- 
bearing to weight-bearing as tolerated with knee brace 
locked in extension. Patients may use assistive devices such 
as bilateral axillary crutches or rolling worker to decrease 
pain with weight-bearing and improve standing balance dur-
ing transfers and ambulation. Edema and pain are controlled 
through compression, elevation, and icing. Strengthening 
begins with quadriceps and gluteal isometrics with the knee 
brace locked in extension. As the fracture site demonstrates 
healing, the physician will clear the patient for gradual knee 
flexion passive, active assistive, and active range of motion. 
If there is minimal edema, moist heat can be used prior to 

range of motion to promote soft tissue extensibility [17]. 
Manual techniques such as patellar and tibiofemoral mobili-
zations may help to decrease joint stiffness and improve knee 
range of motion. Soft tissue massage to the surrounding 
structures of the knee can also increase the range of motion 
and decrease pain. Gait training initially begins by improv-
ing lower extremity weight acceptance. Once knee flexion 
range of motion is permitted, gait training is progressed to 
include swing phase training along with weight acceptance 
and loading in various directions. As quadriceps strength 
improves, the patient may begin to wean out of the brace per 
physician. Open- and closed-chain strengthening of hip 
extensors, hip abductors, quadriceps, hamstrings, and gas-
trocnemius will improve lower extremity stability. Aquatic 
therapy can also be used to improve range of motion and 
strength of the lower extremity. As range of motion and 
strength improve, patients progress to static and dynamic 
balance training on various surfaces and conditions to return 
the patient to their previous level of function including 
ambulation with the least restrictive assistive device or with-
out an assistive device.

45.3.5.3  Surgery
Surgical intervention for knee fractures is necessary if there 
is a displaced patellar fracture and an advanced grade tibial 
plateau fracture. See Knee Surgery chapter for further details.
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Surgical Intervention in the Knee

Alfred J. Tria Jr, Casey Imbergamo, Daniel Haddad, 
and Andrzej Brzezinski

46.1  Knee Intra-articular Ligament 
Reconstruction (ACL, PCL)

46.1.1  ACL Surgery

46.1.1.1  Operation
Arthroscopy is a gold standard technique for addressing 
intra-articular knee pathologies. The treatment of anterior 
cruciate ligament (ACL) rupture is individualized, and surgi-
cal reconstruction of the ligament is typically implemented 
for those with a high activity level or with functional insta-
bility of the knee. Due to poor healing potential of the ACL, 
reconstructive techniques are utilized almost exclusively to 
address a complete tear of the ACL.  The ligament can be 
reconstructed with autograft, allograft, or synthetic materi-
als. Anatomic reconstruction of the ligament is achieved to 
restore anterior and rotational stability of the knee which 
prevents further meniscal and cartilaginous injuries

Autograft
Autograft selection includes most commonly the hamstrings 
(semitendinosus and gracilis), bone patellar tendon bone, 
and quadriceps tendon grafts. Clinical results do not differ 
based on autograft selection with weak evidence suggesting 
superior stability and graft incorporation with the use of a 
bone patellar tendon bone graft.

Allografts
An alternative option for ACL reconstruction, especially in 
less active patients over 40 years old, is the use of allografts. 
They are easily available and do not cause any donor site 
morbidity; however, an allograft can potentially provoke an 
immune response and is associated with a higher failure rate 
in young athletes. Good short- and mid-term results are also 
reported after using the new generation of synthetic grafts. 

Surgical technique includes passage of the graft into the joint 
through previously drilled tunnels and anchoring to the bone 
with interference screws, cross pins, or endobutton suspen-
sion techniques. Graft selection and fixation methods do not 
affect the rehabilitation protocol [1].

46.1.1.2  Rehabilitation: ACL
Postoperatively, patients undergo an accelerated rehabilita-
tion program including immediate partial weight-bearing 
(PWB), early range of motion (ROM) with full passive 
extension, and progressive strengthening with an emphasis 
on closed chain movements. Open-chain movements such as 
seated leg extensions are avoided as they place excess stress 
on the graft as the extensor mechanism pulls the tibia anteri-
orly. Gait and proprioception training also seem to be benefi-
cial for patients after ACL reconstruction. While historically 
some surgeons have recommended using a brace for return to 
sport postoperatively, it has been shown that bracing does not 
affect ROM, graft stability, or protection from subsequent 
injury [2].

46.1.2  PCL Surgery

46.1.2.1  Operation
Arthroscopic surgery is utilized in the treatment of posterior 
cruciate ligament (PCL) injuries. The PCL can be recon-
structed with either an autograft, allograft, or synthetic mate-
rial. Grafts can be harvested from the Achilles, patellar, 
hamstring, or anterior tibialis tendons. Postoperative reha-
bilitation for PCL reconstruction includes immediate PWB, 
early ROM in the prone position, and progressive resistance 
exercises (PRE) with a focus on quadriceps strengthening. 
Hamstring strengthening exercises such as hamstring curls 
are avoided in early rehabilitation as they pull the tibia pos-
teriorly placing undue stress on the graft [3]. For PCL inju-
ries, the knee should be protected with bracing, and sport 
activities should be limited for several months [4, 5].
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In the context of multi-ligamentous knee injuries, struc-
tures such as the lateral collateral ligament (LCL), medial 
collateral ligament (MCL), posterolateral corner (PLC), or 
posteromedial corner (PMC) may be damaged in addition to 
the cruciate ligaments. Nonsurgical treatment with a period 
of immobilization and restricted active and passive range of 
motion is a viable treatment option in selected group of 
patients (inactive, those with multiple comorbidities, or with 
contraindication to surgical intervention). Surgical interven-
tion is preferred in younger, physically active patients and 
results in improved patient-reported outcomes [6, 7]. Surgical 
management must be tailored individually. Primary repair is 
utilized to address acute injury (<28 days) of non-cruciate 
ligaments, while reconstruction is preferred if surgery is 
delayed (>28 days).

46.1.2.2  Rehabilitation: PCL
Postoperative rehabilitation will vary based on the extent of 
injuries and methods of surgical repair or reconstruction uti-
lized. The goal of rehabilitation is to maintain balance 
between stability and mobility of the knee. Protective braces 
and delayed weight-bearing until healing of collateral liga-
ments is recommended. Supervised early passive range of 
motion is utilized to prevent stiffness [6].

46.2  Knee Meniscal Injury

46.2.1  Operation

Meniscal injuries that fail initial conservative management 
can be addressed with surgical intervention. The primary 
goal with operative management is to restore the native 
structure, function, and biomechanics of the meniscus to pre-
vent early development of osteoarthritis. With a few excep-
tions, an arthroscopic approach is utilized for meniscus 
surgery.

Meniscal injuries can often be repaired with suture 
devices; however, tears that are not amenable to repair (com-
plex, degenerative, radial tear patterns) can be addressed 
with partial meniscectomy. Additionally, meniscal recon-
struction can be considered in select patients with painful 
post-meniscectomy syndrome. Reconstruction techniques 
include meniscal allograft transplantation (MAT) or menis-
cus scaffold implantation with either a collagen or 
polyurethane- based scaffold. This is an ongoing area of 
novel research [8].

46.2.2  Rehabilitation

Rehab protocols vary depending on the treatment method. 
Following meniscectomy, accelerated rehabilitation proto-

cols can be implemented which include immediate weight- 
bearing as tolerated (WBAT), early ROM, and progressive 
strengthening. A repaired or reconstructed meniscus needs to 
be protected for a period of 6 weeks with non-weight- bearing 
(NWB) ambulation and the knee locked in extension. 
Physical therapy should be focused on reducing pain and 
edema, restoring full extension with good quadriceps muscle 
control, and patella mobility. Supervised passive ROM exer-
cise can start early after surgery with a goal of 90 degrees of 
knee flexion in the first 4 weeks, progressing to 120 degrees 
of flexion on postoperative week 8. Knee brace and crutches 
need to be utilized for about 6 weeks. After that time, gait 
and muscle strengthening exercises can be accelerated. 
Return to regular activity typically occurs at approximately 
4–6 months [9].

46.3  Knee Cartilage Injuries

46.3.1  Operation

Various surgical techniques are utilized for the treatment of 
focal cartilage injury and depend on defect morphology 
(size, depth), location, patient-specific factors (age, activity 
level), and joint-related factors (stability, alignment, menis-
cus status). The goal of the surgery is to alleviate the symp-
toms, stop the progression of articular damage, restore the 
articular surface anatomy, and create an environment for 
healing [10]. Currently, the surgical options include pallia-
tive (debridement, marrow stimulation as abrasion arthro-
plasty, subchondral drilling, or microfractures) and 
reconstructive procedures (autologous chondrocyte implan-
tation, osteochondral autografting, and fresh osteochondral 
allografting) [10]. The marrow stimulating techniques which 
can be performed arthroscopically are used to enhance the 
growth of fibrocartilage that fills the chondral defect. The 
goal of restorative techniques is to produce a hyaline-like 
articular surface and requires arthrotomy to be performed. 
Debridement and microfractures are recommended for high- 
demand patients with lesions <2.5  cm2 or low-demand 
patients with lesions <4  cm2. High-demand patients with 
lesions >2.5  cm2 and others with cartilage defects >4  cm2 
may benefit from reconstructive options [10].

46.3.2  Rehabilitation

The objectives of physical therapy after cartilage restoration 
are to protect the repair, create an optimal environment for 
healing, and gradually restore the function of the knee. For 
the first 6 weeks after surgery, the knee needs to be immobi-
lized in extension, and ROM needs to be limited to 60 
degrees of flexion. The patient can ambulate with crutches 
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and PWB, progressing to full weight-bearing (FWB) on 
postoperative week 6. Intermittent cyclic loading can be ini-
tiated early and progress through the rehabilitation program 
[11]. After 6 weeks, the knee ROM can be gradually increased 
until reaching full. The patient can work on gait and muscle 
strengthening exercises. Return to regular activity occurs at 
approximately 12 months. The rehab protocol can vary based 
on location and morphology of the defect with a more liberal 
protocol for small condylar lesions and a strict protocol for 
larger defects and those localized in the patellofemoral joint.

46.4  Knee Osteoarthritis

46.4.1  Operation

Knee osteoarthritis (OA) that has failed to respond to conser-
vative management can be addressed with several surgical 
options. The type of surgical intervention depends on the 
severity and extent of the arthritic changes, as well as knee 
alignment and ligamentous status. Unicompartmental osteo-
arthritis in younger patients (<50 years) with stable knees can 
be treated with periarticular osteotomies or partial knee 
replacement. The best treatment option for advanced multi-
compartmental arthritis is total knee arthroplasty (TKA). The 
goal of the osteotomy is to unload an affected compartment 
alleviating the pressure on the cartilage and postpone the 
degenerative process. In patients with medial compartment 
OA, a valgus-producing high tibial osteotomy can be imple-
mented. In case of lateral compartment disease, a distal femo-
ral varus-producing osteotomy is recommended. Following 
an osteotomy, PWB is allowed immediately, with progression 
to unrestricted FWB within 6  weeks. Early ROM is also 
implemented for these patients [12]. Patients with unicom-
partmental disease may also be treated with unicompartmen-
tal knee arthroplasty (UKA). This procedure is an alternative 
to TKA and is thought to have fewer complications, faster 
recovery, and preservation of normal kinematics. UKA 
implants can have a fixed or a mobile-bearing design, both 
being viable options with successful patient outcomes [13]. 
TKA is utilized as a primary procedure for tricompartmental 
osteoarthritis of the knee or as a salvage procedure after fail-
ure of the other treatment options. For patients who undergo 
TKA, there are a variety of implants that can be utilized, 
including posterior stabilized (PS), posterior cruciate substi-
tuting (CS), posterior cruciate retaining (CR), and bi- cruciate 
retaining (BCR) implants. The standard knee arthroplasty 
implant typically consists of a cemented or non-cemented 
cobalt-chrome femoral component and a titanium tibial base-
plate with a polyethylene liner. The patella can also be resur-
faced with a polyethylene patellar button [14].

46.4.2  Rehabilitation

Following knee arthroplasty, patients require extensive reha-
bilitation starting on the same day as the surgery to regain 
ROM and function of the knee. Rehabilitation includes 
immediate WBAT with assistive devices, with progression to 
unrestricted FWB within 4 weeks. Early ROM is crucial, and 
90 degrees of flexion should be obtained within 3–4 weeks 
following surgery. Exercises focusing on muscle strength 
(specifically of the quadriceps), gait, and balance should also 
be included in the rehabilitation process [15].

46.5  Knee Fractures

Fractures surrounding the knee joint can occur in the distal 
femur, proximal tibia, or patella. There is bimodal distribu-
tion of the fractures around the knee with high-energy trauma 
in younger individuals and lower-energy mechanisms in the 
elderly. The goal in treating these fractures is to restore the 
anatomy of the articular surface and provide stable fixation 
for early ROM [16].

46.5.1  Distal Femur Fractures

Distal femur fractures can be treated with open reduction 
internal fixation (ORIF) utilizing a weight-bearing construct, 
such as a locking plate or weight-sharing intramedullary 
(IM) devices. Following ORIF, depending on the fracture 
pattern, the patient may be made NWB or PWB with assis-
tive devices. Progression to FWB typically occurs after 
6  weeks. Additionally, arthroplasty with distal femoral 
replacement can be implemented for patients with fracture 
patterns that are not amenable to reconstruction or with pre-
existing osteoarthritis [16]. These patients undergo postop-
erative rehabilitation as described above for TKA.

46.5.1.1  Rehabilitation: Distal Femur Fractures
Early ROM and progressive resistance exercises should be 
incorporated into the rehabilitation protocol as well. 
Rehabilitation following IM nail placement depends on the 
stability of the fracture. Unstable fracture patterns (long 
oblique or spiral, comminuted) can be NWB for up to 
6 weeks, while stable fracture patterns (minimally displaced, 
transverse, or short oblique) can be made PWB with assis-
tance immediately after surgery, with progression to FWB 
when radiographic evidence of callus formation at the frac-
ture site is present. Early ROM and progressive resistance 
exercises should also be incorporated into the rehabilitation 
process [17].
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46.5.2  Proximal Tibia Fracture

Fractures of the proximal tibia can occur distal to the knee 
joint or extend into the articular surface in what is identified 
as a tibial plateau fracture. These fractures are treated with 
ORIF to restore the joint surface with absolute stability.

46.5.2.1  Rehabilitation: Proximal Tibia Fracture
Postoperatively, patients are placed in a hinged knee brace 
with early passive ROM and are made NWB or PWB for 
3–4 months [18].

46.5.3  Patella Fracture

Fractures of the patella can be treated with ORIF techniques 
that include a tension band construct or screw fixation. For 
severe fractures that are not amenable to reconstruction, par-
tial or complete patellectomy can be considered [19].

46.5.3.1  Rehabilitation: Fractures of the Patella
Following ORIF, PWB can be started with the knee locked in 
full extension. Range of motion exercises are slowly pro-
gressed with a goal of approximately 0–90 degrees of flexion 
by week 6 when FWB is typically instituted [20].

46.6  Knee Dislocation

Knee dislocations are traumatic injuries that require urgent 
reduction and assessment of neurovascular status, as they 
have a high rate of associated nerve (common fibular nerve) 
and vascular (popliteal artery) injury.

46.6.1  Operation

If closed reduction cannot be achieved, open reduction is 
indicated. Following reduction, most patients require surgi-
cal stabilization, followed by early ligamentous reconstruc-
tion within 3 weeks of initial injury. If the injury does not 
require an open arthrotomy, arthroscopic surgery is imple-
mented for intra-articular pathology. See sections on ACL, 
PCL, and meniscal injuries. Open repair may be indicated 
for injuries to the PLC or PMC. There is a high complication 
rate after knee dislocation, and it is rare for the knee to return 
to a pre-injury state.

46.6.2  Rehabilitation: Knee Dislocation

Rehabilitation must be tailored to the pattern of injury, and 
the main goals are to protect the surgical repair, restore full 

passive extension, and maximize quadriceps function. 
Early restrictions are placed on weight-bearing and ROM, 
with incremental advancement after 6  weeks postopera-
tively [21]. The rehabilitation must be individually tailored 
to the extent of the injury and the surgical approach that 
was used.
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Anterior Ankle Disorders
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47.1  Tibialis Anterior Tendinopathy

47.1.1  Synonyms

Anterior tibial tenosynovitis, Anterior tibial tendonitis, 
Anterior tibial tendinosis

47.1.2  ICD 10 Code

M76.819: Anterior tibial syndrome

47.1.3  Description

Tibialis anterior tendinopathy is acute or chronic changes of 
the tibialis anterior tendon, and it is frequently divided into 
mid-substance and distal type. Most tendon abnormalities 
are located within the first 3 cm proximal to the insertion [1].

Tibialis anterior tendinopathy can be spontaneous, trau-
matic, or associated with anterior ankle impingement/ankle 
OA.  It has been reported in athletes, especially runners, 
where it is categorized as an overuse injury following an 
increase in training distance and with up- and downhill train-
ing [2]. Distal tibialis anterior tendinosis is predominantly 
reported in overweight women in the 50–70 years of age [3]. 
Grossly diseased tendon appears thickened and can lose its 

normal fibrillar architecture when scanned with ultrasound. 
Histologically, the tendon shows myxoid degeneration [4]. 
Longitudinal split tears and tenosynovitis can be detected by 
scanning the tendon, and in some cases distal bursitis is asso-
ciated with tendinopathy. Differential diagnosis of tibialis 
anterior tendinopathy is in Table 47.1.

47.1.3.1  Anatomy and Function
Tibialis anterior originates from the upper two-thirds of the 
lateral tibia, courses deep to the extensor retinaculum over 
the anterior ankle and inserts on the medial cuneiform and 
the first metatarsal bone, although variations in the distal 
insertions have been described [4]. The main synovial bursa 
associated with the insertion is located between the tendon 
and the medial cuneiform. The function of the tibialis ante-
rior tendon is dorsiflexion of the ankle, supination and 
adduction of the foot, and support the suspension of the arch. 
It is innervated by a branch of the deep peroneal nerve, and 
blood supply arises from the anterior tibial artery and medial 
tarsal artery.

47.1.4  Clinical Presentation

Comprehensive musculoskeletal and neurologic examina-
tion should be conducted to evaluate the tendon but also to 
evaluate other causes of anterior ankle pain including radicu-
lopathy. Patients typically present with a gradual onset of 
pain and swelling on the anterior aspect of the ankle joint and 
burning along the medial side of the midfoot. Active dorsi-
flexion of the foot against resistance is painful and limited. 
No sensory deficit is expected and, if detected, needs to be 
further investigated.
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Table 47.1 Differential diagnosis of tibialis anterior tendinopathy

Differential diagnosis of tibialis anterior tendinopathy
Anterior ankle impingement Ankle joint or midfoot arthritis
Tibialis anterior bursitis Tibialis anterior tendinosis
Tibialis anterior tendon rupture Tibialis anterior tendinitis
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47.1.5  Physical Examination

Swelling or palpable crepitus can sometimes be found along 
the course of the tendon. Active dorsiflexion of the foot 
against resistance is typically painful and limited. There is 
typically no loss of strength, but ankle dorsiflexion weakness 
should be of concern due to possible tendon tear or nerve 
impingement (spine or fibular nerve impingement).

47.1.5.1  Provocative Maneuvers

Tibialis anterior passive stretch test This is a provocative 
maneuver for tibialis anterior tendinosis [5]. During the test, 
ankle plantarflexion, hindfoot eversion, midfoot abduction, 
and pronation force is applied to the foot in an attempt to 
passively stretch the tibialis anterior tendon (Fig. 47.1). Pain 
at the tendon insertion site is considered to be a positive test.

47.1.6  Diagnostic Workup

X-rays Tibialis anterior tendinopathy is mostly clinical, but 
X-rays can rule out other pathology including ankle OA or 
osteophytosis resulting in anterior ankle impingement.

Ultrasound/MRI Ultrasound and MRI both can show the 
extent and severity of tendinopathy [1, 4]. US is widely 
available, portable, and can detect tenosynovitis, split tears, 

thickening of the tendon, and changes in tendon fibrillar pat-
tern. In complex ankle injuries, MRI may be more appropri-
ate and can be combined with contrast enhancement for 
further definition of pathology.

47.1.7  Treatment

47.1.7.1  Medical Management
Conservative management includes immobilization and 
modification of activities and modalities of physical therapy 
like therapeutic ultrasound and infrared treatment to reduce 
inflammation [6].

47.1.7.2  Procedures
For recurrent or nonresponsive cases of tenosynovitis and 
bursitis, peritendon corticosteroid injection has been reported 
to have good results [7]. US-guided platelet-rich plasma 
(PRP) injection can be considered for tenosynovitis, tendino-
sis, and tendinitis, but no studies specific to tibialis anterior 
tendinopathy have been conducted to date.

47.1.7.3  Rehabilitation
In nonoperative cases, many physical therapy strategies have 
been proposed to rehab tendinopathy. These include thera-
peutic ultrasound, extracorporeal shockwave therapy, low- 
level laser, iontophoresis, and non-electrotherapeutic 
modalities such as eccentric training and soft tissue tech-
niques. There is no consensus of rehabilitation after proce-
dural treatment such as PRP injection in particular 
intratendinous injections. Rehabilitation of the tendon after 
the operation can vary due to diverse surgical management 
and whether it is an open or endoscopic treatment.

47.1.7.4  Surgery
Surgical debridement of the tendon or repair with tendon 
augmentation, synovectomy, and/or bursectomy can be con-
sidered in cases not responding to conservative and proce-
dural treatments. This can be done both as an open or 
endoscopic approach [8]. More information on foot and 
ankle surgery can be found in Chap. 52.

47.2  Anterior Ankle Impingement

47.2.1  Synonyms

• Ankle impingement
• Athlete’s ankle
• Footballer’s ankle (Soccer)
• Impingement exostosesFig. 47.1 Tibialis anterior passive stretch test
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47.2.2  ICD 10 Code

M25.871, M25.872

47.2.3  Description

Morris and McMurray provided early descriptions of anterior 
impingement, coining the condition as “athlete’s ankle” and 
“footballer’s ankle,” respectively [9, 10]. Anterior ankle 
impingement refers to a broad spectrum of pathology resulting 
in abnormal entrapment or impingement of traversing struc-
tures anterior to the tibiotalar joint during dorsiflexion result-
ing in pain or restricted motion. Differential diagnosis of 
anterior ankle impingement includes extensor tenosynovitis or 
rupture, synovial or ganglion cyst, and ankle osteoarthritis.

47.2.3.1  Anatomy and Etiology
Anatomically, anterior ankle impingement is defined as the 
ankle recess between the anterior tibial plafond and talar 
dome. There is an intra-articular triangular soft tissue (adi-
pose tissue and synovium) at the anterior aspect of the ankle 
which is compressed above 15 degrees of dorsiflexion [11]. 
In the presence of anterior osteophytes, the space for this tis-
sue is limited, and compression leads to chronic inflamma-
tion, synovitis, and capsuloligamentous hypertrophy. During 
dorsiflexion, the anterolateral border of the talus extends into 
the anterolateral recess, impinging bony or soft tissue struc-
tures. Anterolateral impingement occurs in a pyramidal 
space formed by the tibia, fibula, and ATFL. Anteromedial 
impingement occurs in the anteromedial recess formed by 
the talar dome/neck, medial malleolus, and deltoid 
ligament.

The etiology of anterior ankle impingement can be varied, 
often caused by bony and/or soft tissue structures of the ante-
rior ankle including osteophytosis or exostosis. Anteromedial 
and anterolateral impingement have also been described 
[11]. The exact etiology of osteophyte/exostosis is not well 
described but is thought to be due to repetitive direct micro-
trauma leading to the formation of osseous spurs [12, 13]. 
These osteophytes then result in the irritation of the capsule 
and synovium. If osteophytes are present on both joint edges, 
then it is referred to as the “kissing lesion.” Tibial osteo-
phytes are more common and can have a corresponding 
through on the talar dome called “tram-line track” [14].

47.2.4  Clinical Presentation

Patients with anterior ankle impingement typically present 
with pain during dorsiflexion of the ankle accompanied by 
focal swelling. Exacerbating activities commonly include 
climbing stairs, running, uphill walking, ascending ladders, 

and deep squatting. With progression of the disorder, dorsi-
flexion pain may increase, range of motion may be restricted, 
and joint stiffness is noted.

47.2.5  Physical Examination

Examination should include both the foot and ankle. The 
ankle and foot are inspected for abnormal alignment, joint 
effusion, or soft tissue edema. The bone and soft tissue struc-
tures are systematically palpated to assess for localized ten-
derness. Anterior and anterolateral joint line pain is a 
hallmark of anterior ankle impingement syndrome. Forced 
dorsiflexion of the ankle generates pain by causing impinge-
ment between the bone spur of distal tibia and the neck of the 
talus.

47.2.6  Diagnostic Workup

X-rays Standard weight-bearing lateral X-rays, with the 
malleoli positioned perpendicular to the surface of the radio-
graphic film, may be useful in the initial assessment of ankle 
impingement [15] (Fig. 47.2). Osteophytes/exostoses of the 
distal anterior tibia and dorsal talar neck may be present. 
Dynamic hyper dorsiflexion views can be considered to 
assess abnormal bony contact.

MRI Advanced imaging, such as MRI, can be useful to 
determine the presence of soft tissue pathology that may be 
causing ankle impingement. Furthermore, MRI allows the 
physician to rule out other potential diagnoses, including 
osteochondral lesions, loose bodies, and stress fractures. 
There is limited utility for CT if X-rays and MRI is 
available.

Fig. 47.2 Lateral view: anterior impingement showing the “kissing 
lesion” of the distal tibia and talar dome

47 Anterior Ankle Disorders
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47.2.7  Treatment

47.2.7.1  Medical Management
Nonsurgical treatment remains the initial approach to the 
management of both anterior and posterior impingement 
syndromes, despite limited evidence of its efficacy. For acute 
symptoms, a period of rest and an avoidance of provocative 
activities are recommended. Rest can be supplemented with 
ice, NSAIDs, or immobilization in a walking boot in severe 
cases. In chronic cases, shoe modifications, including heel 
lift orthoses to prevent dorsiflexion, have been utilized.

47.2.7.2  Rehabilitation
Physical therapy protocols focus on improving ankle stabil-
ity and optimizing proprioception. In some cases, reduction 
of range of motion is noted and physical therapist will work 
with the patient to increase available range of motion in mul-
tiple planes including ankle dorsiflexion. Postoperative reha-
bilitation will follow surgeons’ guidelines, and it depends on 
open versus arthroscopic approach.

47.2.7.3  Procedure
Some patients report improvements after intra-articular 
ankle steroid injection [16] which can be done with ultra-
sound or X-ray guidance. The primary objective is reduction 
in pain and perhaps improved participation in rehabilitation.

47.2.7.4  Surgery
Surgical intervention is generally indicated for cases which 
have not responded to nonoperative treatment. It involves 
debridement and removal of the osteophytes or impinged 
soft tissues or both. Open operative treatment of anterior 
ankle impingement has been demonstrated as effective but 
has also been associated with a number of complications like 
wound infection, damage to the nerves and vessels, and pain-
ful scars. Ankle arthroscopy has been growing in popularity 
with low complication rates [17]. More information on foot 
and ankle surgery can be found in Chap. 52.

47.3  Osteochondral Lesion of the Talus

47.3.1  Synonym

Osteochondral lesion of the talus, Osteochondritis dissecans 
of the talus, Transchondral fracture, Osteochondral fracture, 
Osteochondral defect

47.3.2  ICD 10 Code

• M93.271 – Osteochondritis dissecans, right ankle
• M93.272 – Osteochondritis dissecans, left ankle

47.3.3  Description

Osteochondral lesions of the talus are common injuries in 
recreational and professional athletes, with up to 50% of 
acute ankle sprains and fractures developing some form of 
chondral injury [18]. The talus is divided into three dis-
tinct regions: the body, neck, and head. Classically, osteo-
chondral lesions are located in the dome of the body of the 
talus. There is limited vascular supply, limiting the heal-
ing potential for osteochondral injuries of the talus [19]. A 
variety of etiologies have been proposed, including local 
osteonecrosis, systemic vasculopathies, acute trauma, 
chronic microtrauma, endocrine or metabolic factors, 
degenerative joint disease, joint malalignment, and genetic 
predisposition. Many of these lesions are associated with 
traumatic events with a history of trauma documented in 
more than 75% of patients with osteochondral lesions of 
the talus [20].

Berndt and Harty classified transchondral lesion involv-
ing the subchondral bone into four different stages (Fig. 47.3):

• Stage I, a small area of compression of subchondral bone
• Stage II, a partially detached osteochondral fragment
• Stage III, a completely detached osteochondral fragment 

remaining in the crater
• Stage IV, a displaced osteochondral fragment

Medial lesions are more common and caused by inver-
sion, plantarflexion, and lateral rotation injury of the tibia 
on the talus. They are also more posterior than lateral 
lesions, which are produced by inversion and strong dorsi-
flexion and are more anterior on the talar dome. 
Morphologically, medial lesions tend to be deeper and cup 
shaped, whereas lateral lesions are usually shallow and 
wafer shaped. Medial lesions usually are nondisplaced, and 
lateral lesions often are displaced. Although the incidence of 
osteochondral lesions of the talus has been reported as 
approximately 4% of all osteochondral lesions, the true inci-
dence may be higher. Some studies have suggested that 
osteochondral lesions of the talus may occur in up to 50% of 
acute ankle sprains and fractures, particularly in association 
with sports injuries. Differential diagnosis of osteochondral 
lesion of the talus is in Table 47.2.

47.3.4  Clinical Presentation

Patients often have a delayed presentation, often 6–12 months 
after the initial trauma (ankle fracture or sprain). Patients 
typically describe a deep ankle pain provoked during or after 
load-bearing activities. Additional symptoms may include, 
but may not be limited to, stiffness, a locking or catching 
sensation (which can indicate a displaced fragment or 
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pseudo-impingement due to the displaced cartilaginous flap), 
swelling (especially after activities), and reduced range of 
motion.

47.3.5  Physical Examination

Anterior ankle joint line tenderness may be present. The 
recognizable deep ankle pain can often be provoked by 
forcefully palpating the talar dome with the ankle in full 

plantar flexion. The lack of positive physical examination 
findings, however, does not exclude an osteochondral 
lesion since history and physical examination are often 
nonspecific and nondiagnostic. Persistent effusion, delayed 
synovitis, and locking or giving way of the joint 4–5 weeks 
after ankle injury are indications for radiographic 
examination.

47.3.6  Diagnostics Workup

X-rays Oblique and plantar flexion views that avoid tibial 
overlap generally show the osteochondral lesion more clearly 
than standard plain films [21]. Nearly half of osteochondral 
lesions of the talus were reported to be missed on radio-
graphs by emergency department physicians, who usually 
make a diagnosis of “sprained ankle.”

Fig. 47.3 Brandt and Harty 
classification of transchondral 
lesion involving the 
subchondral bone. 
(Illustration by Yasmine 
Mostoufi)

Table 47.2 Differential diagnosis of osteochondral lesion of the talus

Differential diagnosis of osteochondral lesion of the talus
Occult fractures Hindfoot coalitions or deformity
Syndesmotic injury Lateral ankle instability
Peroneal tendinopathy Ankle impingement
Ankle arthritis Subtalar arthritis

47 Anterior Ankle Disorders
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CT scan CT scan helps determine the exact size and loca-
tion of the lesion and any related cystic lesions.

MRI Useful modality in patients with OCD with 96% sen-
sitivity and 96% specificity [22].

47.3.7  Treatment

The treatment of an osteochondral lesion depends on a vari-
ety of factors, including the characteristics of the patient 
(activity level, general health, age) and the lesion (size, loca-
tion) and associated degenerative changes.

47.3.7.1  Medical Management
Most nondisplaced osteochondral lesions initially should be 
treated conservatively with immobilization and physical 
therapy.

47.3.7.2  Rehabilitation
Type I and type II lesions and small grade 3 lesions may fol-
low similar protocol during conservative treatment. This con-
sists of immobilization (bracing) along with NSAIDs and 
non-weight-bearing status. If a patient is symptomatically 
improving, a gradual progressive weight-bearing- and 
exercise- based treatment may be added. Return to sports 
activity could be divided into multiple stages including walk-
ing, jogging, return to noncontact sport (running without 
swerving), and eventually return to contact sport (running 
with spurring and collision). Large grade 3 lesions and grade 
4 lesions are generally considered operative candidates, and 
postoperative rehabilitation depends on the type of surgery 
performed. The age of the patient, body mass index, and the 
size of the osteochondral lesion may affect rehabilitation out-
come. The postoperative rehabilitation protocols have not 
been uniformly determined. In arthroscopic-based surgeries, 
most published studies describe a period of early immobiliza-
tion followed by up to 6 weeks of non-weight-bearing [23].

47.3.7.3  Procedures
PRP improves joint function and reduces pain in patients 
with osteochondral lesion [24]. In addition, inter-study com-
parison demonstrated that patients that received surgery 
along with PRP injections improved more than those that 
received PRP in isolation [24].

47.3.7.4  Surgery
Indications for operative treatment include failure of conser-
vative management and completely avulsed and/or displaced 
fragments. Operative treatment may include debridement of 
the lesion with stimulation of the underlying subchondral 
bone (microfracture, drilling, abrasion, curettage), direct 
repair of the lesion (retrograde drilling and bone grafting, 

internal fixation), or repair of the lesion with osteochondral 
autografts or allografts or chondrocyte transplantation [19, 
21]. Because of the difficulty of adequately filling the con-
tours of the lesion, bone grafts have been used in conjunction 
with retrograde drilling to prevent articular collapse. More 
recently, surgical-grade calcium sulfate in a liquid form has 
been injected into the defect after drilling, and some authors 
have reported the use of a bone-marrow aspirate harvested 
from the iliac crest, centrifuged to isolate pluripotent cells, 
and mixed with the calcium graft to promote more rapid 
healing [19]. More information on foot and ankle surgery 
can be found in Chap. 52.
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Posterior Ankle Disorders
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48.1  Achilles Tendon Disorders

48.1.1  ICD 10

• M76.61 Achilles tendonitis (bursitis), right
• M76.62 Achilles tendonitis (bursitis), left
• S86.011 Achilles rupture, right
• S86.012 Achilles rupture, left
• M65.28 Calcific Achilles tendinosis

48.1.2  Description

Achilles tendon pathology exists on a spectrum of disorders 
from tendinopathy to complete rupture and can involve the 
proximal myotendinous junction, midsubstance, or insertion 
of the tendon. Midsubstance Achilles tendinopathy is a pain-
ful overuse injury of the Achilles tendon and will be dis-
cussed in this section and insertional tendinopathy and 
Haglund deformity in the subsequent section.

Anatomy The Achilles tendon is a confluence of the gastroc-
nemius and soleus muscles. The gastrocnemius muscle crosses 

three joints, the knee, ankle, and the subtalar joint. This mus-
cle provides the bulk of the definition and contour of the calf 
and is comprised of a higher proportion of fast- twitch muscle 
fibers in comparison to the soleus muscle [1, 2]. The second 
muscle, the soleus, crosses the ankle and subtalar joints. This 
muscle is predominantly involved in the maintenance of the 
posture of the leg. The gastrocsoleus complex is innervated by 
the tibial nerve. The Achilles tendon has no tendon sheath but 
has a highly vascularized paratenon. Healthy Achilles tendon 
inserts as a broad flat structure onto the posterior tubercle of 
the calcaneum. The fibers undergo a 90-degree internal rota-
tion prior to insertion assisting its function by sporting poten-
tial energy via a recoil mechanism.

Etiology/pathophysiology Achilles tendinopathy is multi-
factorial which includes both intrinsic and extrinsic factors. 
Pathology is common in sports and daily life. While pathol-
ogy is more likely to be seen with individuals who partici-
pate in physical activity such as running and jumping, it is 
not purely an athletic injury, as 65% of cases seen in a gen-
eral practice setting are not sport related [3]. Extrinsic fac-
tors include training errors. Intrinsic risk factors include 
biomechanical abnormalities of the lower extremity (e.g., 
pes cavus, hyperpronation, varus deformity), increased age, 
corticosteroid use, diabetes, hypertension, obesity, gout, and 
fluoroquinolone antibiotic use. Enthesopathy due to rheu-
matologic spondyloarthropathy or autoimmune causes may 
also result in tendinopathy of the Achilles tendon. In 1976, 
Dr. Puddu and associates classified non-insertional Achilles 
tendinopathy into three stages as outlined in Table 48.1 [4].

Many terms have bene used to describe Achilles tendon 
pathology, including tendinitis, tendinosis, and paratenonitis. 
Recent histopathologic studies have shown a failed healing 
response, with reactive tendinopathy, tendon disrepair, and 
degenerative tendinopathy. The term tendinitis is now dis-
couraged as it implies inflammatory activity, and histologi-
cally the tendon demonstrates a degenerative process instead 
of an inflammatory response. The term tendinopathy more 
accurately describes these intratendinous changes, including 
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an increase in the number of tenocytes, disorganization and 
fragmentation of the collagen, and neovascularization.

Achilles tendon rupture accounts for 20% of all large ten-
don ruptures [5], and men are 2–12 times more prone to rup-
ture than women [6]. There is a bimodal age distribution with 
the first peak between 25 and 40  years due to high sports 
injuries and the second peak in those >60 years old due to 
spontaneous rupture of degenerated Achilles tendons. Tears 
can be complete or partial.

48.1.3  Clinical Presentation

Heel pain is the primary symptom of Achilles pathology and 
can present with acute or a gradual onset of symptoms. Pain 
can be exacerbated with activity, but symptoms can progress, 
and patients may have pain at rest. Symptoms also can 
include stiffness and pain in the morning that improves 
throughout the day with mobilization.

Patients with an acute rupture often describe hearing a 
popping sound or have the feeling of being kicked in the 
back of the ankle. Patients typically will have difficulty 
weight-bearing and describe weakness.

48.1.4  Physical Examination

In cases of tendinopathy, pain with palpation of the Achilles 
tendon and fusiform thickening of the tendon may be pres-
ent. In cases of Achilles tendon rupture, weakness, palpable 
defect, ecchymosis, and swelling may be present.

48.1.4.1  Special Tests
Thompson test squeezing the calf muscles while the patient 
is kneeling or lying face down with feet hanging unsup-
ported. Squeezing the calf should cause contraction of the 
Achilles tendon, resulting in plantar flexion. If the Achilles 
tendon is completely ruptured, there will not be any apparent 
plantar flexion.

Matles test ask the patient to lie prone with her knees 
flexed to 90° with the feet relaxed. In a normal test, her feet 
will be in slight plantarflexion. Dorsiflexion of the foot is a 
positive test and indicates a ruptured Achilles tendon. False 

negative specialized testing may be present in cases with 
intact plantaris tendon or extrinsic foot flexors.

48.1.5  Diagnostic Workup

The diagnosis of Achilles tendinopathy or rupture is primar-
ily clinical, but imaging can assist with diagnosis.

48.1.5.1  Plain Films
Routine orthogonal radiographs of the ankle can help reveal 
erosion of the cortical bone seen in inflammatory arthropa-
thy, or calcification associated with inflammation that can be 
seen in the tendon or at the insertion.

48.1.5.2  Advanced Imaging
Advanced imaging in the form of ultrasound or magnetic 
resonance imaging (MRI) is useful for delineating the loca-
tion of the tear when there is doubt (Fig. 48.1). Diagnostic 
ultrasound has an accuracy of 96% in diagnosing complete 
Achilles tendon ruptures (Fig.  48.2) and 75% accuracy in 
diagnosing partial ruptures compared to surgical correlation 
[7]. In Achilles tendinopathy, ultrasound is comparable to 
MRI [7]. MRI of Achilles tendon ruptures have reported the 
association of tendinosis in the tendon surround the rupture 
site [8] (Fig. 48.3a, b).

48.1.6  Treatment

48.1.6.1  Medical Management
Medical management of Achilles tendinopathy depends on 
the stage of the disease. In the early tendinitis/bursitis stage, 
treatment includes rest, ice packs, painkillers, and exercises 
to help to stretch and strengthen the Achilles tendon. 
Orthotics with heel elevation may reduce strain on the 
Achilles by shortening the pull of a tight gastrocnemius mus-

Table 48.1 In 1976, Dr. Puddu and associates classified non- 
insertional Achilles tendinopathy into three stages

Puddu’s classification of non-insertional Achilles tendon pathology
Paratenonitis: inflammation of the paratenon tissue
Paratenonitis with tendinosis: inflammation of the paratenon + 
degenerative tendon changes
Tendinosis: degenerative changes without inflammation. Rupture can 
occur

Fig. 48.1 A normal Achilles tendon and insertion onto calcaneus
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cle on the tendon. For most people, the symptoms of Achilles 
tendinopathy usually clear within 3–6  months of starting 
treatment. In chronic tendinosis, NSAIDs may be less 
 effective, but rehabilitation is recommended. In partial and 
full- thickness tear without retraction, initial plan of care 
should include pain management, short-term bracing, and 
involvement of orthopedic surgery for consultation, in par-
ticularly in full-thickness tear.

48.1.6.2  Rehabilitation
Rehabilitation for Achilles tendon pathology is typically 
divided into four phases: (1) symptom management and load 
reduction, (2) recovery, (3) rebuilding, and (4) return to sport 
or activity. Loading of the tendon is generally introduced in 
the later phases. Eccentric resistance training exercises have 
been reported to be effective [9].

48.1.6.3  Procedure

Corticosteroid Injection
Corticosteroid injection in general is avoided due to concern 
of long-term effect such as atrophy and tendon rupture [10]. 
If a decision is made for a peritendon steroid injection in an 
acute inflammatory phase, with associated bursitis, practitio-
ners should utilize image guidance to avoid tendon 
penetration.

Brisement
In athletes with midsubstance paratenonitis, brisement, or 
local anesthetic injection has been reported to be effective in 
50% of patients after 2–3 serial injections. The hypothesis 
behind this technique is hydrodissection of the pseudosheath 

Achilles tendon tear

Fig. 48.2 US imaging demonstrating full tear of the Achilles tendon 
(thicker arrow) with retraction. Thickening of the Achilles tendon with 
tendinosis noted proximal to tear

a b

Fig. 48.3 (a) Achilles tendon rupture on MRI. Note the gap in the tendon marked by the yellow arrow. Please also note the associated tendinosis 
marked by the red arrow. (b) Surrounding Achilles tendinosis in the same patient marked by the yellow arrow
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to break down the adhesions or disruption of the neovascu-
larization [11]. Immobilization of the foot in a walking boot 
in neutral or slight plantarflexion with a mild lift can add 
value.

PRP Injection
The regenerative medicine literature is limited to platelet- rich 
plasma (PRP) and autologous whole blood injections, which 
can be considered in refractory cases. In a recent meta-analy-
sis, there was no benefit of PRP over eccentric exercises or 
PRP vs placebo saline injection [12]. Fewer studies have 
examined PRP for insertional Achilles tendinopathy.

Extracorporeal Shockwave Therapy
Extracorporeal shockwave therapy (ESWT) utilizes acoustic 
shockwaves through the skin to target the affected tissue 
[13]. ESWT can be considered in midsubstance and inser-
tional Achilles tendinopathy with collective studies suggest-
ing overall efficacy [10]. There is no consensus on the best 
form and energy setting.

Percutaneous Ultrasonic Fasciotomy 
and Debridement
This procedure can be considered in refractory cases and has 
been shown to be beneficial for insertional Achilles tendi-
nopathy and intratendinous calcification in small case series 
with a short-term satisfaction of 70% [14, 15], and the Tenex 
microtip (Tenex Health Lake Forest, CA) seems to have 
improved outcomes compared to manual percutaneous 
tenotomy with a needle [16]. High-volume injections (HVI) 
use a mixture of saline, anesthetic, and/or steroid injected 
along the interface of the Kager fat pad and midportion of the 
Achilles tendon and has a mechanical effect on adhesions 
between the tendon and peritendinous tissues. HVI were 
more effective when corticosteroid was included in the solu-
tion, indicating that corticosteroids may play a role in the 
efficacy of this treatment [10]. A recent RCT showed no ben-
efit of HVI without cortisone [11].

48.1.6.4  Surgery
Surgical debridement for paratenonitis has been described 
but is a subject of much debate as resection part of the 
paratenon can potentially compromise the blood supply to 
the Achilles tendon placing it at further risk of rupture.

48.2  Insertional Achilles Tendonitis 
and Haglund Deformity

48.2.1  ICD 10

• M76.61 Achilles tendonitis (bursitis), right
• M76.62 Achilles tendonitis (bursitis), left

• M92.61 Haglund deformity, right
• M92.62 Haglund deformity, left

48.2.2  Description

Insertional Achilles tendinopathy pain occurs within 2 cm of 
the insertion and is often multifactorial and can involve the 
tendon, bone, and bursal tissue. When multiple sources of 
pain are involved, it can be challenging to identify the source 
of pain.

Anatomy The Achilles tendon inserts on the posterior- 
superior aspect of the calcaneus or the calcaneal tuberosity 
(Fig. 48.1). The retrocalcaneal and retro-Achilles bursa are 
located anterior and posterior to the tendon, respectively.

Etiology/pathophysiology The prominence of the postero-
superior calcaneus is known as Haglund deformity. The eti-
ology is often degenerative with repetitive microtrauma from 
overuse can lead to insertional Achilles tendinopathy. The 
etiology is often degenerative with repetitive microtrauma 
from overuse. Haglund deformity can cause degenerative 
changes of the Achilles tendon, retrocalcaneal bursitis, and 
intratendinous calcification known as Haglund syndrome. 
Associated enthesophytes or retro-Achilles bursitis can also 
cause heel pain and is associated with insertional Achilles 
tendinopathy. Differential diagnosis of insertional Achilles 
tendonitis is noted in Table 48.2.

48.2.3  Clinical Presentation

Patients with insertional tendinitis report pain focused on the 
bony prominence on the superior aspect of the calcaneum 
and difficulty in wearing shoes.

48.2.4  Physical Examination

On inspection of this area, a notable prominence to the 
posterior- superior aspect of the calcaneum can be present 
and is suggestive of a Haglund deformity. On palpation, 
patients with tendinitis will have pain on palpation of the 
insertion; this pain will be fixed in its location regardless of 

Table 48.2 Differential diagnosis of insertional Achilles tendonitis

Achilles tendinopathy Calcaneal stress fracture
Plantar fasciopathy Simple bone cyst
Intraosseous lipoma Retro-Achilles bursitis
Retrocalcaneal bursitis Haglund syndrome
Baxter neuropathy Tarsal tunnel syndrome
Heel pad syndrome Achilles partial tear/complete tear
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the position of the foot. This is in contrast to midsubstance 
Achilles tendinopathy where there is fusiform thickening, 
which moves proximally and distally with foot dorsiflexion 
and plantarflexion. It can be challenging to distinguish the 
source of pain on examination alone (i.e., isolated tendon 
pathology, Haglund syndrome, and retrocalcaneal or retro- 
Achilles bursitis). Associated retrocalcaneal bursitis can 
mimic posterior heel pain but can be differentiated by medial 
and lateral compression of the area just anterior and superior 
to the Achilles insertion.

48.2.5  Diagnostic Workup

Plane radiographs can reveal bone spurs, intratendinous cal-
cifications, or a Haglund deformity. A Haglund deformity 
can be noted on a lateral image, and multiple radiographic 
criteria have been described. The parallel pitch lines is one 
method to radiographically diagnose Haglund deformity and 
is defined by measuring the pitch of the inferior calcaneum 
and drawing a parallel line along the tip of the posterior 
facet. Haglund deformity it noted when the superior surface 
of the calcaneus is found above the superior calcaneum [3] 
(Fig. 48.4).

MRI and CT scan can be helpful to assess soft tissue 
involvement and for surgical planning.

Labs: Rheumatology workup can be considered in cases 
of prominent enthesophytes to rule out seronegative 
arthropathy.

48.2.6  Treatment

48.2.6.1  Medical Management
Initial conservative treatment includes nonsteroidal anti- 
inflammatory medications, rest and immobilization, and pro-
gressing to light activity and passive stretching. Patients with 
Haglund deformity or associated bursitis may benefit from a 
period of offloading of the affected area by wearing a back-
less shoe, and hindfoot malalignment associated with inser-
tional pathology can be corrected by insoles if this is a 
provocative factor.

48.2.6.2  Rehabilitation
Physical therapy and extracorporeal shockwave therapy can 
be considered, but evidence is lacking.

48.2.6.3  Procedures
In cases with associated Haglund deformity, intra-tendinous 
calcification, and interstitial tendon partial tears orthobiolog-
ics or percutaneous treatments can be considered, but these 
lack randomized controlled trials on efficacy. Percutaneous 
resection of Haglund deformity has been reported in case 
reports using a 2–3 mm stab incision and ultrasonic surgical 
instrument that fragments and aspirates bone [14, 17]. 
Although promising and preserves the tendon, minimally 
invasive percutaneous tools is not well established and requires 
a physician highly skilled in interventional ultrasonography.

48.2.6.4  Surgery
Patients who fail conservative treatment due to degenerative 
tendinopathy and associated Haglund deformity, entheso-
phyte, or intra-tendinous calcification may need surgical 
management. Numerous methods and operative strategies 
have been described. Calcaneoplasty and resection of the ret-
rocalcaneal bursa can be performed endoscopically. Open 
procedures involve violation of a part of the Achilles tendon, 
osteotomy to excise the deformity, and require a repair and a 
period of time immobilization to promote tendon healing. 
The literature has provided some debate on whether excision 
of the Haglund deformity is required [18].

48.3  Posterior Ankle Impingement (Os 
Trigonum Syndrome)

48.3.1  ICD 10

M26.82

48.3.1.1  Description
Posterior ankle impingement syndrome (Os trigonum syn-
drome) is when the os trigonum accessory ossicle becomes 
symptomatic from injury or repetitive overuse.

Fig. 48.4 Parallel pitch lines with posterior-superior exostosis of the 
calcaneum passing the superior pitch line. (Image courtesy of Amir 
Abbas Mostoufi, MD, Tehran IRAN)
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Os trigonum is the name for the most common accessory 
ossicle center of the posterolateral talar tubercle in the ankle. 
This accessory ossicle starts off as a secondary ossification 
center posterior to the posterolateral talus and becomes visi-
ble on radiographs at 8–10 years in females and 11–13 years 
in boys. This anatomic variant is typically asymptomatic; 
however, it can cause pain in patients with repetitive micro-
trauma and forced plantarflexion. A prominent or elongated 
posterolateral talar tubercle is known as a Stieda process and 
considered an anatomic variant. An os trigonum can also 
result from an acute fracture of the posterolateral tubercle or 
Steida process. The reported incidence is between 1% and 
25% of the population [19]. This syndrome is more prevalent 
in dancers and is thought to be due to the time weight- bearing 
on their toes in end plantar flexion. Differential diagnosis of 
posterior ankle impingement is listed in Table 48.3.

48.3.2  Clinical Presentation

The patient usually reports chronic or recurrent posterior 
ankle mechanical deep mechanical pain caused or exacer-
bated by forced plantar flexion or push-off activities, such as 
dancing, kicking, downhill running, sliding, and walking in 
shoes with high heels.

48.3.3  Physical Examination

There can be associated swelling and weakness in dorsiflex-
ion. In some patients a bony prominence can be palpable. 
The symptoms can often be replicated with hyper plan-
tarflexion of the ankle or dorsiflexion of the hallux.

Heel thrush test The physician pinches the talus between 
the posterior tibia and superior aspect of the calcaneus. 
Development of pain is considered a positive test.

48.3.4  Diagnostic Workup

48.3.4.1  Plain Films
Radiographs, particularly the lateral view, can demonstrate 
the prominence of the posterolateral talar process (Steida 
process) or accessory ossicle (Fig. 48.5).

48.3.4.2  MRI
Advanced imaging can help identify the presence of tissue 
and bony oedema, facture line, or associated tendinopathy.

48.3.5  Treatment

48.3.5.1  Medical Management
Initial treatment is with rest and nonsteroidal anti- 
inflammatory medications. Activity modifications and physi-
cal therapy can be undertaken to attempt to alleviate 
symptoms.

48.3.5.2  Rehabilitation
Physical therapy that included soft tissue therapy, stretching, 
and mobilizations of restricted joints of the lower kinetic 
chain should be done in conjunction with a progressive 
strengthening, balance, and proprioception program. In ath-
letes, full ankle active ROM, strength, agility, and ability to 
perform acceleration/deceleration movements are needed to 
fully return to play [20].

48.3.5.3  Procedures
Corticosteroid injection can be attempted; however, the lit-
erature is limited, and a guided injection should be consid-
ered due to the proximity to the Achilles tendon.

Table 48.3 Differential diagnosis of posterior ankle impingement

Shepherd fracture Achilles tendinitis
FHL tendinitis or 
tenosynovitis

Retrocalcaneal bursitis

Osteochondritis dissecans Subtalar coalition
Stress fracture Sever’s disease (calcaneal 

apophysitis)
Bone tumor (osteoid 
osteoma)

Peripheral nerve entrapment

Tarsal tunnel syndrome Sural nerve entrapment

Fig. 48.5 Os trigonum marked by yellow arrow. Hard to tell if Steida 
process or os trigonum on this view
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48.3.5.4  Surgical Management
In cases where posterior impingement syndrome is a struc-
ture problem, conservative treatment can help control inflam-
mation and improve symptoms, but surgery may be necessary 
in the active population, such as dancers or athletes, who 
wish to continue their sport. Surgical excision of the os trigo-
num or Steida process has been reported to be successful 
with patients returning to their presymptomatic level of 
activity and can be performed with an open, arthroscopic, or 
endoscopic approach [21].
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Lateral Ankle Disorders
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49.1  Peroneal Tendinopathy

49.1.1  Synonyms

• Peroneal tendinosis
• Peroneal tendinopathy

49.1.2  ICD 10

• M76.71: Peroneal tendonitis, right leg
• M76.72: Peroneal tendonitis, left leg

49.1.3  Description

Peroneal tendon injuries are a potential cause of lateral ankle 
pain, and pathology may range from tendinopathy to rup-
tures, tears, and instability of the tendons.

Anatomy The peroneus longus and peroneus brevis form 
the lateral compartment of the lower leg. The peroneus lon-
gus originates on the fibular head and upper ½ of the proxi-
mal fibula and is innervated by the superficial peroneal nerve. 
The peroneus brevis originates from the distal 2/3 of the fib-
ula and intermuscular septum. The peroneal brevis tendon 
sits closer to the fibula as compared to the peroneal longus. 
At the level of the lateral malleolus, both tendons pass into 
the retro-malleolar groove and run deep the superior pero-
neal retinaculum (SPR). These forms an osteofibrous tunnel, 
and the tendons are surrounded by a common synovial sheath 
within the tunnel facilitating gliding within the sheath. The 
two tendons run lateral to the calcaneus with the peroneal 
longus above and the brevis below the peroneal tubercle 
where they are stabilized by a second retinaculum. The pero-
neus brevis then inserts onto the base of the fifth metatarsal, 
and the peroneus longus dives medially under the cuboid and 
inserts onto the base of the first metatarsal and medial cunei-
form. The change of direction at this location places the ten-
don under stress.

Etiology/Pathophysiology Peroneal tendon pathology was 
previously considered uncommon, but cadaveric studies 
have reported tears in 11–38% of the cadevers [1]. It is now 
recognized that peroneal tendon pathology is a common 
cause of lateral ankle symptoms, although the true inci-
dence of symptomatic tears is unclear. An MRI study of 
294 patients with hindfoot pathology found a 35% inci-
dence of radiological changes in the peroneal tendons, 
though these patients reported no symptoms or preceding 
injuries [2].

The predominant force for the peroneus brevis is eversion, 
and the peroneus longus induces plantarflexion and eversion. 
Several anatomic variations are associated with peroneal ten-
don pathology, including a low-lying peroneus brevis muscle 
belly, accessory peroneal muscles, shape of the retro-malleo-
lar groove and os perineum. The incidence of os peroneum is 
estimated to be 4–30% and can be asymptomatic [3]. Fractures 
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of the os peroneum can result in pain in the lateral aspect of 
the ankle as discussed later in this chapter.

Peroneal tendinopathy has been documented as an overuse 
injury with rupture of the superior peroneal retinaculum (SPR) 
noted in forceful contraction of the tendon during eccentric 
loading [4]. This can result in the more commonly reported 
dislocation of the peroneal tendons out of the sheath after a 
rupture of the overlying SPR. Peroneal tendinopathy has been 
classified by Eckert and Davis [4, 5], as noted in Table 49.2. 
Peroneal tendon tears can be difficult to distinguish from lat-
eral ankle ligament injuries and tend to have a delayed diagno-
sis. In one study, only 60% of peroneal tendon disorders were 
accurately diagnosed at the initial evaluation [6]. Sammarco 
et  al. reported an average duration of 7–48 months prior to 
diagnosis from the preceding injury [7]. Differential diagnosis 
of peroneal tendinopathy is in Table 49.1.

49.1.4  Clinical Presentation

Patients may present with a broad variety of symptoms. 
History should focus on recent or past injuries, and whether 
symptoms are mechanical versus inflammatory. Acute tears 
are likely to present with a sudden onset of pain and swell-
ing. In subacute and chronic cases, patients typically present 
with complaints of worsening lateral ankle pain, which tend 
to be exacerbated with activity. This can result in the patient 
walking with an antalgic gait. Peroneus brevis pathology 
typically presents with pain around the distal fibula, whereas 
peroneus longus pathology presents with pain near the pero-
neal tubercle and cuboid tunnel.

49.1.5  Physical Examination

Inspection should focus on overall alignment as hindfoot varus 
may increase force on the peroneal tendons and predispose the 
patient to injury. Swelling and pain to palpation can occur any-

where along the course of the tendons, with retrofibular swell-
ing commonly seen in peroneal brevis pathology and peroneal 
tubercle or cuboid tunnel pain seen in peroneal pathology [8].

The symptoms can be reproduced with resisted active 
dorsiflexion and/or eversion of the ankle. Pain on passive 
inversion and/or eversion may be indicative of severe tendi-
nopathy. Circumduction may recreate tendon subluxation in 
cases of instability

49.1.6  Diagnostic Workup

Radiographs Standard weight-bearing radiographs of the 
foot and ankle with orthogonal view scan reveal other condi-
tions, such as ankle fractures. A “fleck” sign lateral to the 
distal fibula is suggestive of avulsion of the SPR and may 
indicate tendon instability (Fig. 49.1).

Ultrasound Ultrasound has a reported accuracy of 90% in 
diagnosing peroneal tears; however, the reliability of ultraso-
nography is dependent on the user [9].

MRI MRI for distal peroneal tendons has been reported to 
be difficult due to the magic angle effect and may mask sub-

Table 49.2 Classification of peroneal tendinopathy

Grade 1. Elevation of the SPR from the fibula along with periosteum
Grade 2. Progression of Grade 1 changes with the fibrocartilaginous 
area of tissue bordering the lateral aspect of the fibula
Grade 3. Avulsion of the cortical bone from the lateral fibula, 
allowing tendon displacement
Grade 4. Full tear of the SPR allowing peroneal tendons to dislocate

Table 49.1 Differential diagnosis of peroneal tendinopathy

Ankle sprain/
fracture

Stress fracture Peroneal tendon 
dislocation

Os peroneum Apophysitis of the fifth 
metatarsal

Peripheral neuropathy

Fig. 49.1 Avulsion fracture lateral to the distal tip of the fibula (black 
arrow)
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tle changes of the tendon. This effect results in hyperintense 
signals when the tendon runs at a 55-degree angle to the 
scanner [10] (Figs. 49.2 and 49.3).

49.1.7  Treatment

49.1.7.1  Medical Management
Treatment should be tailored to the underlying pathology. 
Conservative management for peroneal tendinopathy 

includes offloading the affected limb, icing, bracing, or 
Kinesio taping and PT program.

49.1.7.2  Rehabilitation
Treatment for peroneal tendonitis includes a program of 
stretching, eccentric strengthening exercises, mobilization, 
proprioceptive, and balancing exercises. If symptoms are 
severe, a brief course of immobilization (cast or brace) may 
be necessary. After severe symptoms resolves, the patient 
begins a progressive rehabilitation program along with a 
gradual increase to full activity. Deep tissue friction mas-
sage, ultrasound, and electrical stimulation can also be 
included in the physical therapy [11]. In the case of tendon 
tear, postoperative rehabilitation follows a much slower pro-
gression and is directed based on type of surgery.

49.1.7.3  Procedures
In cases of peroneal tenosynovitis, corticosteroid injections 
have been suggested to manage inflammation followed by 
ankle immobilization to minimize the risk of tendon rupture 
[12]. There have been no studies comparing corticosteroid 
injection to medical management in peroneal tendinopathy.

49.1.7.4  Surgery
Surgical management of peroneal tendon tears can range 
from repair of short segment of the tear, tubularization of the 
tendon, or excision of the degenerative area [12]. The cases 
of chronic subluxation of the peroneal tendons can be 
addressed with either recreation of the retinaculum overlying 
the peroneal tendons or deepening the retromalleolar groove 
in which the tendons travel. Suh et al. in 2018 have reported 
good surgical outcomes from 34 patients studied retrospec-
tively with no reports of recurrence of subluxation [13].

49.2  Os Peroneum Syndrome

49.2.1  Synonym

• POPS – painful os peroneum syndrome
• Painful os peroneum

49.2.2  ICD 10

M89.8X7

49.2.3  Description

The os peroneum is found within the peroneus longus tendon 
at the level of the calcaneocuboid joint. The small sesamoid 
bone can vary in size and be bipartite or multipartite. The os 
peroneum can be a source of pain and is associated with 

Fig. 49.2 Hyperintense signals along the course of the peroneal ten-
don sheath (yellow arrow)

Fig. 49.3 MRI showing longitudinal tear in the peroneus brevis tendon 
(blue arrow)

49 Lateral Ankle Disorders
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lesions of the peroneus longus tendon. Os peroneum are typ-
ically remnants of secondary ossification centers that have 
not fused. This ossicle is located near the calcaneocuboid 
joint as the tendon enters the tarsal tunnel (Fig. 49.4) and is 
one of the most common accessory ossicles in the body with 
an incidence of 9–20% and is bilateral in 60% of patients 
[14]. The os peroneum can appear similar to a cortical avul-
sion or soft tissue calcification. In peroneal longus tendon 
ruptures, the os peroneum can migrate with the tendon proxi-
mally or remain at site of the tear, depending on the site of 
tendon rupture. Differential diagnosis of this condition is 
outlined in Table 49.3.

49.2.4  Clinical Presentation

Patients often complain of pain near the lateral aspect of the 
midfoot at the level of cuboid. This can be acute, typically 
presenting after an ankle sprain or chronic overuse. On clini-

cal examination, point tenderness can be noted over the lat-
eral aspect of the midfoot. This pain is often exacerbated by 
physical activities.

49.2.5  Diagnostic Workup

Radiographs X-rays of the foot typically demonstrate the 
presence of an os peroneum; however, os peroneum can be 
asymptomatic, and correlation with clinical examination is 
mandatory as a bipartite os peroneum can be confused with 
an os peroneum fracture. Sharp cortical edges may indicate 
acute changes, and smooth cortical edges may indicate a 
chronic process [15].

MRI/US Magnetic resonance and ultrasound imaging can 
be utilized to visualize any pathology relating to the tendon.

49.2.6  Treatment

49.2.6.1  Medical/Procedural Care
Conservative management includes offloading the affected 
limb, icing, bracing or Kinesio taping, and PT program. 
Persistent symptoms can be managed with an injection under 
fluoroscopy, or ultrasound-guided injections can be used not 
only for therapeutic purposes but can be diagnostic to con-
firm the os peroneum is the source of the symptoms.

49.2.6.2  Surgery
Patients who are refractory to treatment can consider surgi-
cal management with excision of the os peroneum or surgi-
cal excision with tenodesis of the peroneal longus to the 
peroneus brevis tendon.

49.3  Os Subfibulare

49.3.1  Description

Os subfibulare is an accessory ossicle at the distal to the tip 
of the fibula. The os subfibulare is the result of an unfused 

Fig. 49.4 Os peroneum is located distal to the calcaneocuboid joint 
(yellow arrow)

Table 49.3 Differential diagnosis of os peroneum syndrome

Acute os peroneum fracture or a 
diastasis of a multipartite os 
peroneum

Arthritis of calcaneocuboid 
joint

Chronic (healing or healed) os 
peroneum fracture or diastasis of a 
multipartite os peroneum

Avulsion fracture/stress 
fracture base of the fifth 
metatarsal

Attrition or partial rupture of the 
peroneus longus tendon, proximal, 
or distal to the os peroneum

Iselin’s disease (traction 
apophysitis of the base of the 
fifth metatarsal)

Cuboid fracture Os vesalianum
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accessory ossification center or avulsion fracture of the ante-
rior talofibular ligament. These tend to be comma or round 
shaped on imaging. The os subfibulare is rare in comparison 
to the os peroneum with a prevalence of 1% [16]. The pres-
ence of this ossicle is often confused with a fracture of the 
lateral malleolus (Fig. 49.5).

49.3.2  Clinical Presentation

The os subfibulare can be symptomatic and present with 
local pain and lateral ankle instability. Acute traumatic or 
chronic inversion stress can result in an avulsion of the 
ossicle from the lateral malleolus and convert an asymp-
tomatic ossicle to a symptomatic one. It can be difficult to 
differentiate between an os subfibulare and an avulsion 
fracture of the distal fibula. In acute injuries, these patients 
can have difficulty weight-bearing and would meet the 
Ottawa ankle criteria for ankle X-ray imaging in the emer-
gency setting [17].

49.3.3  Physical Examination

Patients with chronic inversion injury can present with point 
tenderness over the ossicle. Chronic ankle instability often 
manifests as recurrent ankle sprains with and laxity on an 
anterior drawer test at the ankle joint.

49.3.4  Diagnostic Workup

Standard ankle X-rays (AP/lateral and mortise view) is suf-
ficient for diagnosis. One should pay close attention to the 
cortical edge of the ossicle and determine whether it is sharp 
(an acute injury) versus smooth (chronic injury).

49.3.5  Treatment

Initial management would be conservative with nonsteroid 
anti-inflammatory medication and a period of immobiliza-
tion. Patients who have persistent symptoms despite conser-
vative treatment should be considered for possible surgical 
excision. This may be combined with a lateral ankle liga-
ment reconstruction [18].

49.4  Sinus Tarsi Syndrome (STS)

49.4.1  Description

The sinus tarsi is an anatomical location that is anterior and 
inferior to the lateral malleolus. Sinus tarsi syndrome has 
been described as a result of lateral ankle stress resulting 
from excessive pronation at the subtalar joint due to instabil-
ity [19]. Anatomically during this movement, the cuboid and 
lateral calcaneus compress the sinus tarsi. This results in 
swelling and inflammation.

49.4.2  Clinical Presentation

Classically, the patient presents with intermittent discomfort 
localized over the sinus tarsi (Fig. 49.6) without any sensory, 
motor, or vascular abnormality. Athletes with STS will typi-

Fig. 49.5 Os subfibulare located distal to the tip of the fibula

Fig. 49.6 Athletes localize discomfort over the sinus tarsi. (Image 
courtesy of Eva Mostoufi)
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cally describe a feeling of instability of the foot and ankle 
that is provoked upon walking over uneven ground, stepping 
off a curb, or running or sprinting activities. Athletes involved 
with turning and jumping activities on firm surfaces will 
have the most difficulty [20].

49.4.3  Examination

Sinus tarsi area may become swollen and puffy on inspec-
tion. Assessment of standing posture in athletes with STS 
may demonstrate a pes planus posture. The walking gait of 
the patient may be altered as the patient will pronate the foot 
to avoid ground contact with the lateral aspect of the foot. 
Stability of the subtalar joint is assessed with medial and lat-
eral subtalar joint glides [21].

49.4.4  Diagnostic Workup

Radiographs of the subtalar joint are usually performed with 
stress views (oblique-lateral views performed with the ankle 
and foot placed in inverted and supinated positions). Stress 
fluoroscopy is a method of visualizing the motions of the 
subtalar joint. Magnetic resonance imaging (MRI) is the best 
method to visualize the structure within the sinus tarsi. The 
most distinct finding for individuals with STS is a hyperin-
tense T2 signal in the area for sinus tarsal adipose tissue as 
this represents an infiltration or replacement of this tissue 
with inflammatory cells and fibrotic tissue [22].

49.4.5  Treatment

Management of this syndrome is largely around symptom-
atic treatment with rest, compression, and elevation to reduce 
swelling. Local corticosteroid injections can be considered 
to manage the pain; however, surgery is not recommended 
for acute presentations. The literature has reported success in 
managing this condition with arthroscopic debridement of 
the sinus tarsi; however, it is to note that the arthroscopic 
procedure has altered the diagnosis in a significant number 
of cases potentially decreasing its actual effectiveness in 
management of sinus tarsi syndrome itself [19].

49.5  Fibula Nonunion

Fibula nonunion is one of the causes of lateral ankle pain. 
The details are covered under foot and ankle fracture/
dislocation.

49.6  Ankle Sprain

49.6.1  Description

Lateral ankle sprains are the most common lower limb mus-
culoskeletal injury incurred by individuals who participate 
in sports and recreational physical activities [23]. The prev-
alence of lateral ankle sprains among the general population 
is also substantial. Up to 70% of the general population 
report having incurred an ankle injury during their lifetime 
[24]. Individuals who incur an acute lateral ankle sprain 
injury have a twofold increased risk of reinjury in the year 
following their initial injury. Specifically, up to 75% of 
those who sprain their ankles will go on to develop chronic 
ankle instability. Later in life, patients with a history of a 
lateral ankle sprain and chronic ankle instability frequently 
develop posttraumatic ankle osteoarthritis [25]. There are 
different grading of ankle sprain, and the approach to care/
return to play depends on the level of injury to the tendon 
(Table 49.4).

49.6.2  Clinical Presentation

A mechanism involving plantarflexion and inversion of the 
foot is suggestive of lateral ankle injury. More severe injuries 
with this mechanism also may involve the medial ankle. 
Syndesmosis and deltoid ligament injuries most commonly 
occur with an external rotation force applied to a fixed foot. 
The risk factors such as prior history of ankle sprains or 
ankle instability, specific sport or activity during which the 
injury occurred, playing surface, footwear, and the use of 
bracing or taping are important and should be investigated. 
The specific location of pain, presence of local or diffuse 
swelling, mechanical symptoms, and paresthesia should be 
elucidated.

Table 49.4 Grading of ankle sprain. Clinical judgments and examination dictates return to play which should be individualized

Grade
Ligament
injury Ecchymosis Pain Treatment Return to play

I None (stretched) None or little Minimal PRICE/PT 2w
II Incomplete tear Moderate Moderate PRICE/PT/brace/taping 3–4weks
III Complete tear Severe Severe PRICE/PT/brace/taping

Possible surgery
12 or more

S. B. Mostofi et al.
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49.6.3  Physical Examination

The clinical assessment of the integrity of the lateral liga-
ments of the ankle joint, as well as the ankle joint syndesmo-
sis ligaments, is advocated. Lateral ligamentous stabilizers 
of the ankle joint are the anterior talofibular ligament, the 
calcaneofibular ligament, and the posterior talofibular liga-
ment. The anterior talofibular ligament is the most com-
monly injured of these ligaments. Tenderness on palpation 
and/or stressing it by passive plantar flexion and inversion of 
the anterior talofibular ligament is indicative of injury to this 
ligament. The anterior drawer test is the most sensitive clini-
cal stability test to assess for complete rupture of the anterior 
talofibular ligament.

Tenderness on palpation of the calcaneofibular ligament 
and/or stressing it by passive dorsiflexion of the ankle joint 
combined with passive inversion of the rearfoot is indicative 
of injury to this ligament.

The prevalence of ankle joint syndesmosis ligament 
injury (with or without concomitant lateral ligament involve-
ment) has been reported to be 20%. Localized tenderness on 
palpation of the syndesmosis ligaments is the most sensitive 
clinical assessment test, while the squeeze test is the most 
specific clinical assessment test.

49.6.4  Diagnostic Workup

X-rays The primary purpose of plain films in the setting of 
acute ankle sprains is to rule out acute fracture.

Ultrasound The use of ultrasound for imaging the ankle is 
well described. Ultrasound allows clinicians to obtain 
dynamic views of the ankle to identify functional deficien-
cies or joint instability. But its accuracy in diagnosing acute 
ankle sprains is highly dependent on operator expertise.

MRI MRI remains the gold standard for imaging the liga-
mentous and intra-articular structures of the ankle. It is best 
for cases of persistent symptoms and chronic ankle instabil-
ity to rule out osteochondral defects, missed syndesmotic 
injuries, or osseous injuries not identified on radiograph.

49.6.5  Treatment

49.6.5.1  Medical Management
Rest, ice, compression, and elevation, nonsteroidal anti- 
inflammatory drug, immobilization, and bracing are all part 
of conservative care. Lamb et  al. [26] demonstrated that 
patients with severe ankle sprains who were immobilized in 
a below-knee cast or Aircast boot had a more rapid 
recovery.

49.6.5.2  Rehabilitation
Based on the findings of the systematic reviews (n = 1417) 
[27, 28] that compared structured exercise-based rehabilita-
tion plus usual care versus usual care alone and supervised 
rehabilitation versus home exercise, there were no signifi-
cant differences between treatment groups in terms of foot 
and ankle function, pain, subjective ankle instability, or sub-
jective recovery. Theses systematic review showed signifi-
cant reduction in ankle sprain recurrence in those who 
received exercise-based rehabilitation plus usual care com-
pared with usual care alone at 7–12 months (P = 0.0002), but 
not at 3- to 6-month follow-up. In one systematic review, 
there was a significantly lower proportion of patients with 
recurrent ankle sprain in the supervised rehabilitation versus 
home exercise group, while in another study, no significant 
difference between groups was found [27, 28].

Randomized controlled trial found that compared with 
the traditional PRICE (protection, rest, ice, compression, and 
elevation) treatment, early mobilization using a stretch band 
ankle traction technique resulted in no significant differences 
in ankle strength, ankle function, pain, and number of days to 
returning to sport in children and adolescents (P < 0.01) [30]. 
Another randomized controlled trial compared Wii Fit™ 
exercise therapy with conventional physical therapy and with 
no therapy and found no significant differences between 
treatment groups for ankle function, pain, time to returning 
to sport, and self-reported satisfaction and effectiveness 
(P ≤ 0.01) [31].

49.6.5.3  Procedures
There have been limited published data about the effect of 
the platelet-rich plasma (PRP) injections in acute ankle 
sprains. A single ultrasound-guided PRP injection to the 
AITFL and tibiofibular joint in addition to a standard reha-
bilitation protocol has proved to be effective [29].

49.6.5.4  Surgery
In chronic ankle instability, the modified Broström proce-
dure is a commonly used surgical technique that involves the 
direct anatomic repair of injured lateral ligaments with rein-
forcement of the extensor retinaculum. Arthroscopy is com-
monly performed at the time of surgery to rule out 
concomitant intra-articular pathology.
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50.1  Posterior Tibialis Tendon Dysfunction 
(PTTD)

50.1.1  Synonym

• Tibialis posterior tendon tenosynovitis
• Tibialis posterior tendon rupture
• Tibialis posterior tendon dislocation
• Tibialis posterior tendonitis
• Posterior tibial tendon insufficiency
• Adult acquired flatfoot deformity

50.1.2  ICD 10 Code

• M76.821 – Posterior tibial tendinitis, right leg
• M76.822 – Posterior tibial tendinitis, left leg

50.1.3  Description

Posterior tibial tendon dysfunction (PTTD) is characterized 
by a collapse of the medial longitudinal arch and the prevail-
ing cause of adult acquired flatfoot deformity. PTTD is pro-
gressive, and degeneration begins before clinical disease is 
apparent. It is more commonly seen in obese, middle-aged 
women and has been associated with diabetes, hypertension, 

obesity, previous surgery, seronegative spondyloarthropa-
thies, and steroid use [1]. Estimates of prevalence range from 
3.3% to 10% [2]. Multiple etiologies of PTTD have been 
described. A history of trauma may be present in up to 50% 
of cases and can include direct trauma to the tendon and is 
associated with ankle fractures [1]. Due to the short excur-
sion of the tendon, even minor damage may render the ten-
don ineffective [1]. In degenerative cases, the hypovascular 
region of the medial malleolus may limit the healing poten-
tial. As the tendon loses function, there is a progressive col-
lapse of the medial longitudinal arch and eventual valgus 
hindfoot alignment. Differential diagnosis of PTTD is given 
in Table 50.1.

Anatomy Tibialis posterior tendon originates from posterior 
aspect of proximal tibia, posteromedial fibula, and interosse-
ous membrane. At the level of medial malleolus, it changes 
direction at almost 90° and has a broad attachment to the 
navicular tuberosity, but additional insertions in the hindfoot 
and midfoot have been described [3]. The tibialis posterior is 
the primary dynamic stabilizer of the medial longitudinal 
arch, and plantar flexes the ankle joint and inverts at the sub-
talar joint [4].

50.1.3.1  Classification
Different classification schemes have described the pro-
gressive stages of PTTD. Johnson and Strom introduced a 
classification system for PTTD which can guide in the 
treatment [4].
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Stage I disease is characterized by swelling, pain, inflam-
mation, and often effusion within the posterior tibial tendon 
sheath. Irritability is noted with passive eversion of the foot 
along the course of the posterior tibial tendon. Mild weak-
ness to manual testing may be present; however, no defor-
mity of the foot is demonstrated when compared with the 
opposite foot. The patient is able to invert the foot actively on 
a double leg-toe raise test and is able to perform a single leg- 
toe raise.

Stage II disease is characterized by the loss of function of 
the posterior tibial tendon and inability to perform a single 
leg-toe raise. The hindfoot remains flexible.

Stage III disease is characterized by the loss of function of 
the posterior tibial tendon, and a semirigid or rigid hindfoot 
deformity with valgus abduction occurs, and degenerative 
changes in ankle and subtalar joint may be apparent on 
radiographs.

Stage IV disease was described by Myerson et  al. and 
involves valgus positioning and incongruence of the ankle 
joint in addition to stage III findings.

50.1.4  Clinical Presentation

Symptoms depend on the cause and severity of the condi-
tion. Patient presents with pain and swelling along the 
medial aspect of the foot and ankle and can radiate from the 
posteromedial aspect of the leg to the medial malleolus and 
navicular. Pain can be exacerbated with or worsen after 
activity. Range of motion of ankle may be restricted due to 
pain, and patients will often have pain when walking on 
toes or going up/down the stairs. As PTTD progresses, 
patients may have difficulty toe walking. In severe cases, 
with progressive collapse of the medial arch and valgus 
hindfoot deformity, pain maybe present over the lateral 
ankle due the distal fibula coming into contact with the lat-
eral calcaneus.

50.1.5  Physical Examination

On examination, swelling along the route of the tendon may 
be present. Palpation of the tendon can be painful along its 
course. Patients may have pain with resisted inversion.

50.1.5.1  Provocative Testing

Single heel raise Patients can typically complete 8–10 rep-
etitions of a single heel raise. In progressive stages, the 
patient cannot tip-toe on the affected side, and a positive test 
is when the patient had difficulty performing a single heel 
raise or weakness with multiple attempts.

“Too many toes” sign In severe disease, there is collapse of 
the medial longitudinal arch and compensatory valgus heel 
deformity, midfoot abduction, and forefoot pronation. 
Inspection of the patient foot from behind will show a “too 
many toes” sign, and a positive test is when more than one or 
two toes are seen along the lateral aspect of the foot (Fig. 50.1).

50.1.6  Diagnostic Workup

50.1.6.1  Radiographs
Weight-bearing X-ray of the ankle and foot may demonstrate 
no significant changes in the first two stages of the disease. 
As the disease progresses, X-ray shows collapse of the 
medial longitudinal arch and degenerated changes of the 
midfoot. X-rays can show an increased talus-first metatarsal 
angle (normally 0°–10°). Loss of calcaneal pitch angle is 
another radiologic sign of progressive disease.

50.1.6.2  Ultrasound
Ultrasound can assess the posterior tibialis tendon, and an 
increase in tendon width greater than 6 mm is suggestive of 
tenosynovitis.

Fig. 50.1 Only one or two toes should be visible from behind. If more 
are seen, it is said that the too many toes sign is present (black arrows 
on the right). (From Rapid Orthopedic diagnosis, Springer; 2008 edi-
tion by Author S. Behrooz Mostofi, FRCS)
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50.1.6.3  MRI/CT
MRI scan is very helpful as it can show inflammatory 
changes in the tendon sheath as well as longitudinal tears of 
the tendon (Fig. 50.2). Weight-bearing CT scan may be help-
ful in preoperative planning to correct the deformities.

50.1.7  Treatment

50.1.7.1  Medical Management
Treatment decisions vary according to the stage of the pathol-
ogy. Conservative management is used in earlier stages (I 
and II) with a focus on strengthening and orthosis to main-
tain the shape of the foot and surgery in later stages to correct 
deformity seen in later stages.

Tenosynovitis (stage I) is treated with rest, nonsteroidal 
anti-inflammatory agents, and supportive modalities like 
walking boot, medial longitudinal arch support, ankle brace, 
or short leg walking cast. Preventing recurrence of stage I 
disease can be assisted with the use of an orthotic device that 
incorporates a medial heel wedge and medial forefoot post to 
place the hindfoot in neutral, decreasing force requirements 
for the posterior tibial muscle and tendon unit.

Conservative management of stage II disease is similar to 
stage I, but stage II is characterized by irreversible tendon 

changes with flattening of the medial arch. Treatment 
includes application of an orthotic device that has a medial 
post and an ankle-foot orthosis.

50.1.7.2  Procedures
Corticosteroid injections are controversial due to concerns 
that the injections may further jeopardize the tendon. If con-
servative treatment fails, platelet-rich plasma injection 
maybe beneficial, but the literature is lacking.

50.1.7.3  Rehabilitation
Stage I: After the acute inflammation of the tenosynovium 
subsides, rehabilitation of the calf and leg with physical ther-
apy is often helpful. Success has been demonstrated with a 
comprehensive calf and leg rehabilitation program that empha-
sizes graduated isometric strengthening exercises and gastroc-
soleus complex stretching [5]. Specialized rehabilitation may 
be required after tendon debridement and repair, tendon trans-
fer, and reconstruction of the spring ligament and bony proce-
dures/osteotomies according to surgeons’ instructions.

50.1.7.4  Surgery
Surgery is reserved for recalcitrant cases, and open synovec-
tomy remains the surgical treatment of choice for stage I dis-
ease, but tendoscopy has been reported to produce good 
results [6]. For stage II, surgical management typically 
requires tendon reconstruction. Stages III and IV: More 
advanced disease is characterized by progressive tendon 
degeneration and hindfoot arthropathy. Management is typi-
cally in the form of tendon debridement and repair, different 
tendon transfers, reconstruction of spring ligament, and bony 
procedures to correct deformity. The most common tendon 
transfer is that of flexor digitorum longus (FDL). Lateral col-
umn lengthening (LCL) and medial displacement of the 
tuberosity of the calcaneus (MDCO), a Z-shaped calcaneal 
osteotomy, or a combination of the two is the most com-
monly used osteotomies.

50.2  Flexor Hallucis Longus Tendinopathy 
(FHL)

50.2.1  Synonyms

• FHL tendinitis
• FHL tendinopathy
• FHL tendinosis
• FHL tenosynovitis
• Dancer’s tendinitis

Fig. 50.2 Axial MRI showing inflammation and tear in the posterior 
tibial tendon. (Courtesy of Dr. Amir Abbas Mostoufi, MD, Tehran, Iran)
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50.2.2  ICD 10 Code

• M65.871 Other synovitis and tenosynovitis, right ankle 
and foot

• M65.872 Other synovitis and tenosynovitis, left ankle and 
foot

50.2.3  Description

Flexor hallucis longus (FHL) tendinopathy is a painful con-
dition due to inflammation of the FHL tendon. The FHL is 
the most common site of lower extremity tendon disorders in 
ballet dancers [7] and has become known as “dancer’s tendi-
nitis.” The FHL generates power during gait, and individuals 
who perform repetitive push-off or plantar flexion can injure 
the FHL. Dancers tend to have symptoms for a longer period 
of time before seeking treatment than nondancers [7].

Anatomy The FHL originates from the lower 2/3 of the pos-
terior fibula and interosseous membrane. As the tendon 
passes between the fibro-osseous tunnel at the back of the 
talus, it runs deep to the sustentaculum tali. The tendon 
crosses over the flexor digitorum longus at the level of the 
talonavicular joint, known as the knot of Henry, and then 
runs distally to insert on the first distal phalanx.

Etiology/Pathophysiology The FHL tendon is vulnerable at 
three areas along its course. The most common location is 
behind the medial malleolus. Pathology may also be found at 
the knot of Henry or at the base of the first metatarsal where 
the tendon passes beneath the sesamoid bones. Due to the 
anatomy, the FHL crosses several structures, and within this 
pulley system, the tendon can become inflamed and cause 
irritation and swelling. Reduced vascularity is also an impor-
tant factor contributing to tendon degeneration and rupture 
under strain. When the tendon is thickened or a partial tear is 
present at the fibro-osseous tunnel below the sustentaculum 
talia, patients may described triggering. This condition is 
known as hallux saltans. When the tendon becomes com-
pletely fibrosed with stenosing tenosynovitis within the pul-
ley system it can present with a pseudo hallux rigidus. 
Table 50.2 lists the differential diagnosis of flexor hallucis 
longus tendinopathy.

50.2.4  Clinical Presentation

FHL tendinopathy presents as pain in the posteromedial 
aspect of the ankle both during ankle plantarflexion dorsi-
flexion motions, sometimes including “trigger toe,” a snap-
ping of the great toe when moving from ankle plantarflexion 
to neutral.

50.2.5  Examination

On clinical evaluation, assess for pain or crepitus along the 
FHL by placing the foot in plantarflexion and providing 
resistance to hallux flexion [8]. Triggering or crepitus of the 
tendon and tenderness along the sheath of the tendon when 
moving the great toe mimic the pain experienced while danc-
ing and confirm the diagnosis.

Pain in the posterior aspect of the ankle when a patient 
assumes the plantarflexion position suggests a diagnosis 
of posterior impingement syndrome. Forceful passive 
plantar flexion of the relaxed foot (the plantarflexion 
test) reproduces the pain experienced while dancing, and 
this pain is the hallmark of posterior impingement 
syndrome.

50.2.6  Diagnostic Workup

Plain radiographs have no indication in this diagnosis 
except ruling out any bony or joint pathology. Ultrasound 
(Figs. 50.3 and 50.4) and MRI imaging can help with the 
diagnosis.

Table 50.2 Differential diagnosis of flexor hallucis longus 
tendinopathy

Medial plantar 
nerve pathology

Baxter’s 
neuropathy

Tarsal tunnel 
syndrome

Achilles 
tendinopathy

Posterior ankle 
impingement

Myofascial 
pain

Medial malleoli 
stress fracture

Bursitis

Fig. 50.3 Normal short access US image of FHL tendon, deep to the 
tibial nerve in the medial ankle. Posterior tibial artery (PTA), flexor 
digitorum longus (FDL), and posterior tibial tendon are all visualized in 
tis plane. (Image courtesy of S. Ali Mostoufi, MD, Boston Regenerative 
Medicine)
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50.2.7  Treatment

50.2.7.1  Medical Management
Management involves activity modification, cryotherapy, 
NSAIDs, and physiotherapy. For prolonged tendinopathy, 
short-term immobilization can be considered. Literature on 
treatment for FHL pathology is limited, and in one study of 
81 patients, 64% demonstrated improvement with conserva-
tive management [9].

50.2.7.2  Procedures
As with other tenosynovitis cases, image-guided tendon 
sheath injection with steroid or PRP may provide pain relief 
and aid with rehabilitation. A period of immunization may 
be necessary to avoid tendon rupture after steroid injection. 
There is no indication for steroid injection in chronic tendi-
nosis or tendon tear.

50.2.7.3  Rehabilitation
Rehabilitation of the FHL tendinopathy and tenosynovitis 
may include exercise-based treatment, often progressive in 
intensity. Strengthening exercises along the kinetic chain can 
help alleviate stress on the FHL ankle stability exercises with 
or without Kinesio taping may have value in the rehabilita-
tion course. Initial rehab phase includes load management, 
modifying activities, and modifying training in athletes and 
dancers. In general, exercises and training should not aggra-
vate the tendon and result in more pain. The combination of 
soft tissue massage, stretching, and foam rollers may assist 

with progression in rehabilitation. Physical therapists may 
utilize therapeutic ultrasound during rehabilitation courses.

50.2.7.4  Surgery
Open and endoscopic debridement has been discussed, but 
literature is limited. This condition is frequently persistent 
and disabling in dancers, and surgical tenolysis is frequently 
needed with good reported results [10].

50.3  Tarsal Tunnel Syndrome

50.3.1  Synonyms

Posterior tibial neuralgia

50.3.2  ICD 10 Code

• G57.51 – Tarsal tunnel syndrome, right lower limb
• G57.52 – Tarsal tunnel syndrome, left lower limb

50.3.3  Description

Tarsal tunnel syndrome (TTS) is an entrapment neuropathy 
of the tibial nerve in the tarsal tunnel. The tibial nerve 
branches that may be involved include the medial plantar 
nerve, lateral plantar nerve, Baxter’s nerve (also known as 
the first branch of the lateral plantar nerve or inferior calca-
neal nerve), and medial calcaneal nerve.

Anatomy The tarsal tunnel is a fibro-osseous tunnel within 
the posteromedial ankle and hindfoot in which the tibial 
nerve, posterior tibial artery, accompanying veins, posterior 
tibial tendon, flexor digitorum longus, and flexor hallucis 
longus tendons pass into the foot. The flexor retinaculum 
acts as the roof of this tunnel and extends from the medial 
malleolus to the medial side of the calcaneal tuberosity. Two 
regions of entrapment have been described: (1) in the proxi-
mal tarsal tunnel besides the flexor retinaculum and (2) in the 
distal tarsal tunnel at the medial intermuscular septum deep 
to the abductor hallucis muscle [11].

50.3.3.1  Etiology/Pathophysiology
In 50% of cases, TTS is idiopathic [11], but specific causes 
can include a space-occupying mass or systemic disorder. 
Sources of constriction beneath and adjacent to the tarsal 
tunnel can include bone fragments, tenosynovitis, ganglia, 
soft tissue encroachment in inflammatory arthritis, varicosi-
ties, neural tumors (neurilemmoma), perineural fibrosis, tar-
sal coalition, and after calcaneal osteotomies. Furthermore, a 

Fig. 50.4 Tenosynovitis of the flexor hallux longus at the knot of 
Henry, in a ballet dancer. Short axis focal fluid signal/distention of the 
tendon sheath. (Image courtesy of S.  Ali Mostoufi, MD, Boston 
Regenerative Medicine)
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fixed valgus hindfoot can predispose to chronic traction neu-
ropathy of the posterior tibial nerve or one of its branches.

The clinical diagnosis is made from the presence of dys-
esthesia in the distribution of the medial and lateral plantar 
nerves, the presence of Tinel’s sign along the posteromedial 
ankle (paresthesias provoked by compression of the tarsal 
tunnel), tenderness of the nerve along its course (Valleix’s 
phenomenon), and sensory or motor changes.

In this condition, the distribution of pain is not radicular; 
it is often described as being adjacent and distal to the tarsal 
tunnel. Symptoms may be similar to those of plantar fasci-
itis, but unlike plantar fasciitis, nerve entrapment symptoms 
do not resolve quickly. Making the diagnosis difficult as 
typical neurogenic symptoms are not always present and 
symptoms may be present at night, during exercise, or at rest. 
Symptoms can be confined to the lateral plantar nerve 
(Fig. 50.5), medial plantar nerve (Fig. 50.6), or medial calca-
neal nerve.

50.3.4  Physical Examination

A thorough, detailed examination, aided with a good patient 
history, improves diagnostic accuracy. Careful examination 
for subtle sensory abnormalities or differences in tempera-
ture, sweating pattern, and skin abnormalities may lead to 
the correct diagnosis. Although a common complaint of sen-
sory abnormalities often are difficult to detect. Dryness and 
scaliness of the skin may be present over only the lateral or 
medial plantar nerve distribution. Atrophy of the abductor 
hallucis and/or abductor digiti minimi can be challenging to 
detect clinically but can be evident on advance imaging and 

may be obvious when compared with the asymptomatic foot. 
Point tenderness of the medial heel in the soft spot at the 
lower edge of the abductor hallucis may indicate distal 
entrapment of the tibial branches.

50.3.4.1  Provocative Testing
Tinel’s sign performed over the flexor retinaculum may indi-
cate proximal entrapment.

Triple compression test Described by Abouelela and 
Zohiery, the triple compression test is performed with the 
ankle plantar flexed and the foot inverted (increasing the tar-
sal tunnel compartment pressures), and then a digital com-
pression is applied over the tibial nerve.

50.3.5  Diagnostic Workup

Radiographs Plain radiographs demonstrate osseous abnor-
malities (e.g., fractures or talocalcaneal coalitions) that may 
contribute to tarsal tunnel symptoms.

Ultrasound High-resolution ultrasound is a reliable imag-
ing modality to examine the tarsal tunnel and can identify 
compressive mass and swelling of the tibial nerve proximal 
to entrapment sites (Fig. 50.7). Axial cross-sectional area of 
the tibial nerve has shown an 81% sensitivity and 100% 
specificity for diagnosis of patients with clinical end electro-
neuromyography signs of TTS.

MRI scan is preferred because of the improved detail of the 
tarsal contents [12]. MRI has been shown to identify the 
cause of the tarsal tunnel syndrome in up to 88% of patients. 

Fig. 50.5 Site of entrapment of lateral plantar nerve. (From Rapid 
Orthopedic diagnosis, Springer; 2008 edition, by Author S.  Behrooz 
Mostofi, FRCS)

Fig. 50.6 Site of entrapment of medial plantar nerve by palpating the 
region of Henry’s knot (plantar to the 1st TMT joint). (From Rapid 
Orthopedic diagnosis, Springer; 2008 edition, by Author S.  Behrooz 
Mostofi, FRCS)

S. B. Mostofi et al.



497

More importantly, MRI aids with surgical planning by 
 providing detailed characteristics and location of space- 
occupying lesions.

EMG Electrodiagnostic testing is indicated for any patient 
suspected of having compression of the tibial nerve beneath 
the flexor retinaculum and can assess for lumbar radiculopa-
thy. In one study, 5% of patients with lower lumbar radicu-
lopathy also suffered from tarsal tunnel syndrome, so these 
diagnoses are not exclusive [13].

50.3.6  Treatment

50.3.6.1  Medical Management
Treatment should be guided by the underlying cause of 
TTS.  In idiopathic cases, conservative treatment should be 
the first line treatment. Initially, 6–12 weeks of ankle immo-
bilization in a night splint, anti-inflammatory agents, and a 
wide, cushioned and comfortable shoe are recommended. If 
distal tarsal tunnel syndrome is suspected, an orthosis with a 
relief channel within the medial arch may be effective; a 
standard orthosis with a longitudinal arch may worsen 
symptoms.

50.3.6.2  Procedure
Symptoms caused by space-occupying lesions should be 
treated by addressing the underlying cause. Tenosynovitis 
and ganglion cysts can be treated initially with aspiration 
and/or corticosteroid injection.

50.3.6.3  Rehabilitation
Gentle exercises that move and “glide” the nerves may help 
reduce symptoms and improve function (nerve gliding). 
Strengthening activities for any muscles affected by TTS, 
such as the tibialis posterior muscle, may reduce symptoms 
and improve function. Physical therapist may utilize ankle 
taping, custom orthotic, or bracing to position the foot to 
decrease stress on the posterior tibial nerve.

50.3.6.4  Surgery
Patients with a space-occupying lesion or those that fail con-
servative measures may be a candidate for surgical release. 
Caution is recommended in advising surgical treatment of 
tarsal tunnel syndrome in patients who are older (60–80 years 
old), have post traumatic scarring within the tarsal canal, 
have no objective cause for symptoms (idiopathic), and those 
with protracted psychiatric illness [14]. More information on 
foot and ankle surgery can be found in Chap. 52.
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Foot and Ankle Dislocations 
and Fractures
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and S. Ali Mostoufi

51.1  Ankle Fractures

51.1.1  Description

Ankle fractures are common in all age groups resulting from 
both high- and low-energy trauma [1]. The two most com-
mon age groups are physically active younger men and older 
women with frailty. Frail elderly patients are more likely to 
present following lower-energy trauma like a mechanical fall 
to the lower limb.

51.1.2  Classification

There are many different methods to classify acute ankle 
fractures. Assessing injuries accurately helps identify the 
extent of the injury and aids in formulating a management 

plan. Ankle injuries can be described by the number of mal-
leoli fractured on imaging. For example, a trimalleolar ankle 
fracture involves medial, lateral, and posterior malleoli 
(Fig.  51.1). A common and practical classification, Danis- 
Weber, aims to classify an ankle fracture by describing its 
location in relation to the syndesmosis (Table  51.1). The 
interosseous membrane of the syndesmosis is formed by the 
tibia and fibula joining together, and this is further enforced 
by other ligaments.

51.1.3  Orthopedic Care

In more stable fractures (Weber A/isolated lateral malleolar 
fracture) or in younger patients, nonoperative management 
reportedly achieves similar functional outcomes to those 
treated with surgical fixation [1]. It has been broadly accepted 
that Weber B and C injuries are likely unstable, requiring 
internal fixation. Syndesmotic injury is linked with an unsta-
ble ankle joint injury. Unstable fractures with syndesmotic 
disruption will require surgical open reduction and internal 
fixation (ORIF). The lateral malleolus is fixed with a plate or 
nail, the medial malleolus with partial threaded screws, and 
the posterior malleolus is fixed with screws only or plate 
according to the size of the fragment (Fig. 51.2). The ankle is 
immobilized in a temporary plaster cast for the first 2 weeks 
for comfort, and then a range of motion exercises may start. 
Weight-bearing is determined according to the bone quality 
and fixation achieved during surgery. In younger patients 
with good bone stock and fixation, partial weight-bearing 
can begin after 2 weeks. Others may need a period of 6 weeks 
of non-weight-bearing.
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51.1.4  Rehabilitation

Patients will require rehabilitation following a period of 
immobilization. The initial speed of recovery can be rapid, 
but often the healing process can take up to 2  years from 
initial injury [2]. Rehabilitation exercises are key to improv-
ing the patient’s quality of life and restoring the dynamic 
function of the ankle joint.

51.2  Pilon Fractures

51.2.1  Description

Pilon fractures are high-energy injuries involving fractures 
of the articular surface of the distal tibial and occasional 
extension to the proximal diaphyseal bone. They are the 
result of axial loading with the talus being driven into the 
distal tibia [3]. Such high-energy fractures are typically asso-
ciated with significant injury to the surrounding soft tissue 
envelope.

51.2.2  Classification

The fracture involves the tibial plafond and the distal tibial 
articular surface. Associated fractures of the fibula can be 
evident, with or without ankle dislocation. CT scan would 
further define the fracture pattern and assess for subluxation. 
Rüedi and Allgöwer [4] classified the fracture to three types 
outlined in Table 51.2.

51.2.3  Orthopedic Care

Pilon fractures are usually comminuted and unstable, requir-
ing reconstruction of the joint surface anatomically to pre-
vent arthritis in the future. Staged management of high-energy 
complex tibial pilon fractures is recommended since studies 
report acute ORIF through traumatized tissue was associated 
with high complication rate [5]. In staged treatment of open 
pillion fractures, the initial step is the application of external 
fixation and management of soft tissue swelling and wound 
care for the first 7–10  days, obtaining CT scan for ORIF 
planning followed by definitive ORIF using anatomic, lock-
ing plates. Perioperative complications include mal- 
reduction, inadequate fixation, and intra-articular penetration 
of hardware, all of which may be minimized by preoperative 
planning and meticulous operative techniques [3]. In some 
cases, with extensive soft tissue injury, soft tissue reconstruc-
tion utilizing free flap may be necessary.

AP LAT
Fig. 51.1 Trimalleolar ankle 
fracture involves medial, 
lateral, and posterior malleoli. 
Lateral view of the same 
patient showing the ankle 
fractures with subluxation

Table 51.1 Danis-Weber classification of ankle fracture

Type of injury Location of injury
Weber A Below the syndesmosis
Weber B At the level of syndesmosis
Weber C Above the syndesmosis

S. B. Mostofi et al.
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51.2.4  Rehabilitation

Early postoperative mobilization is started in some cases, but 
weight-bearing is often delayed for 6  weeks to allow for 
bony healing.

51.3  Fracture of the Talus

51.3.1  Description

The talus is a crucial link between the leg and the foot, play-
ing a vital role in normal ambulation. Motion of the foot and 
ankle is profoundly impacted by talar injuries. Talar fractures 
represent less than 1% of all fractures in the human body and 
between 3% and 6% of fractures in the foot.

Patients with talar fractures typically present after a 
high- energy injury such as a motor vehicle crash or fall 
from height and present with foot swelling, pain, or defor-
mity. Fractures of the talus are challenging to manage, with 

historically poor outcomes and a high rate of complica-
tions. The talus has unique anatomic characteristics [6]; 
over one half of its surface is covered by articular cartilage, 
and it has no muscular attachments. The trochlea, or supe-
rior surface, articulates with the tibial plafond and is wider 
anteriorly such that maximal articular congruence of the 
ankle occurs in dorsiflexion. This superior articular surface 
extends both medially and laterally to articulate with the 
malleoli. The inferior aspect of the talus is predominantly 
covered with cartilage and has posterior, middle, and ante-
rior facets, which correspond to the articular facets of the 
calcaneus. The lateral process of the talus is completely 
covered by cartilage and articulates with the distal end of 
the fibula. The posterior process of the talus contains the 
flexor hallucis longus tendon. The talus has a rich network 
of extra- and intraosseous anastomoses that is vulnerable to 
disruption from trauma. Its blood supply is from distal to 
proximal, so the risk of nonunion and avascular necrosis 
(AVN) is higher [6].

Fractures of the neck of the talus are the most common, 
accounting for 50% of all talus fractures due to forced dorsi-
flexion of the foot, which drives the weak trabecular bone of 
the neck of the talus against the stronger anterior tibial plat-
form [6]. In approximately 25% of such fractures, supination 
of the hindfoot leads to medial neck comminution and medial 
malleolus fracture [6].

AP LAT

Fig. 51.2 AP and lateral 
view of the ankle after open 
reduction and internal fixation 
(ORIF)

Table 51.2 Rüedi and Allgöwer classification of Pilon fractures

Type 1 Nondisplaced intra-articular
Type 2 Displaced without comminution
Type 3 Displaced with comminution (most common)
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51.3.2  Classification

The most commonly used classification system for talar neck 
fractures was described by Hawkins (Table 51.3), and type 2 
fracture is the most common.

51.3.3  Orthopedic Care

For high-energy injuries, the patient should undergo a 
detailed physical examination to identify associated injuries 
(extremity, spine). AP/lateral/mortise foot and ankle views 
are often the first diagnostic modality but due to the type of 
injury. CT scans are often indicated for comminution, deten-
tion of intra-articular fragments, and congruent reduction of 
the tibiotalar, subtalar, and talonavicular joints. When the 
talus is dislocated, an urgent reduction in the emergency 
room is indicated to reduce the risk of AVN. If reduction is 
unsuccessful, urgent surgical care is recommended. 
Displaced fractures of the talus are usually openly reduced 
and fixated with screws or plates. Ideal reduction is abso-
lutely anatomical to minimize the risk of AVN and 
nonunion.

51.3.4  Rehabilitation

Postoperative rehabilitation is non-weight-bearing for at 
least 6 weeks, but range of motion can be started immedi-
ately after the operation.

51.4  Medial Malleolus Stress Fracture 
(M84.37, S82.5)

51.4.1  Description

This is a rare fracture seen in professional sportsmen mainly 
soccer players and runners. Stress fractures of the medial 
malleolus usually present as localized pain, swelling, and 
tenderness over the medial ankle. Initially, they may not be 
apparent on radiographs but usually can be demonstrated on 

bone scan CT or MRI. Often stress fractures become appar-
ent on follow-up radiographs.

51.4.2  Orthopedic Care

Nonoperative and operative interventions have proven to be 
successful with regard to healing and return to play for 
medial malleolar stress fractures in the recreational and com-
petitive athlete. However, early surgical care especially for 
elite athletes may result in early healing, decrease in symp-
toms, and quicker return to play [7].

Nonoperative treatment consists of non-weight-bearing 
immobilization, often with a prolonged period away from 
sport, and a more methodical and careful reintroduction to 
athletic activity [8]. Shelbourne et  al. [9] recommended 
internal fixation for fractures that are immediately apparent 
on radiographs and cast immobilization for those only appar-
ent on bone scans. Stress fractures of the medial malleolus 
have a high risk of progression to complete fracture, delayed 
union, or nonunion; therefore, aggressive treatment, includ-
ing surgery, is often necessary.

51.4.3  Rehabilitation

Rehabilitation courses vary depending on nonoperative vs 
operative management.

51.5  Fibula Nonunion (S82.4)

51.5.1  Description

Ankle fractures are the most common fractures in the leg. 
These are often the result of a rotation force through the 
ankle with a foot in a fixed position. The incidence of fibula 
nonunion is not well described in the literature, but a system-
atic review performed in 2013 reported an incidence between 
0.3% and 5.4% [10]. Nonunions can be divided into two 
types, hypertrophic or atrophic, depending on the appear-
ance of callus formation on X-rays.

51.5.2  Presentation

The majority of patients present complaining of ongoing 
symptoms localized to the lateral aspect of the ankle despite 
treatment for their ankle injury. These patients can have pro-
longed swelling and point tenderness over the distal fibula. 
Complaints of recurrent ankle instability can also be noted. 
However, up to 20% of patients are asymptomatic, and the 
nonunion or delayed union is an incidental finding.

Table 51.3 Hawkins classification of talar neck fracture

Hawkins 
type 1

Nondisplaced talar neck fracture

Hawkins 
type 2

Talar neck fracture + either subluxation or dislocation 
of the subtalar joint

Hawkins 
type 3

Talar neck fracture + dislocation of tibiotalar and 
subtalar joint

Hawkins 
type 4

Talar neck fracture + subluxation or dislocation of the 
talonavicular joint

S. B. Mostofi et al.
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51.5.3  Diagnostic Workup

Initial imaging would be a standard set of ankle X-rays 
including an anterior-posterior, mortise, and lateral view 
weight-bearing views. This will often be able to show the 
ongoing presence of a fracture line through the distal fibula. 
Often a degree of callus can be noted; however, the patients 
will still be symptomatic. Further imaging would consist of 
computer tomography of the ankle to determine if there is 
any presence of bridging callus at the fracture site (Fig. 51.3).

51.5.4  Treatment

The management of fibula nonunion or delayed union is con-
troversial in the literature. It has been reported that up to 50% 
of these patients will go on to union and has been thought of 
as a variant of delayed union [11]. The literature however 
does support the surgical fixation of patients with symptom-
atic nonunion of the distal fibula. This would take the form of 
open reduction and internal fixation of the fibula fracture 
with compression at the fracture site for hypertrophic non-
union with the addition of excision/refreshing of the atrophic 
edges of the fracture surface and bone grafting for atrophic 
nonunion (Fig. 51.4).

51.6  Foot Fractures

Foot fractures include the hindfoot bones (calcaneus, 
cuboid), midfoot (cuneiforms, navicular), and forefoot 
(metatarsals and phalanges). Metatarsal and toe fractures 

Fig. 51.3 Mortise view (left) 
of the right ankle showing 
distal fibula nonunion (yellow 
arrow), care to be taken to 
notice the well-corticated 
fracture margins CT scan 
(right) of the same patient 
revealing sclerotic fracture 
margins (yellow arrow)

Fig. 51.4 Postoperative images of fibula nonunion treated with open 
reduction and internal fixation. (Courtesy of Mr. Louette, Kent and 
Canterbury Hospital, Canterbury, UK)
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are the most frequent injuries of the foot skeleton. 
Metatarsal fractures close to the base are nearly always 
associated with Lisfranc luxation and treatment must also 
take the instability of the tarsometatarsal joints into consid-
eration [12].

51.6.1  Calcaneal Fracture (ICD 10 – S92.0)

Description The calcaneus is one of seven tarsal bones 
and is part of the hindfoot. The hindfoot articulates with the 
tibia and fibula creating the ankle joint. Calcaneal burst 
fractures most commonly occur during high-energy events 
leading to axial loading of the bone [13]. Falls from height 
and automobile accidents are the predominant mechanisms 
of injury. Stress fractures may occur with overuse or repeti-
tive use, such as running. Most patients with calcaneus 
fractures are young, with the 20–39 age group the most 
common [13]. Calcaneal fracture is classified into extraar-
ticular fractures (25%, avulsion injuries of either the calca-
neal tuberosity from the Achilles tendon, the anterior 
process from the bifurcate ligament, or the sustentaculum 
tali) and intraarticular fractures (75% – the talus acts as a 
hammer or wedge compressing the calcaneus at the angle 
of Gissane [14]).

Orthopedic care Initial bony evaluation with AP, lateral, 
and axial plain films. Stress fractures such as those seen in 
runners would be best evaluated with a bone scan or 
MRI. Mondor’s sign is a hematoma identified on CT that 
extends along the sole and is considered pathognomonic 
for calcaneal fracture [12]. In the initial phase of treat-
ment, wound care and antibiotics are needed for contami-
nated wounds. Pain management, ice, elevation, and 
immobilization with splint are necessary with non-weight-
bearing status in cases that outpatient management is rec-
ommended. For close fractures, particularly extra-articular 
fractures, 6–8 weeks of non-weight-bearing with gradual 
rehabilitation is advisable. Open surgical care is recom-
mended for comminuted articular fracture, anterior pro-
cess involvement, fracture dislocation, involvement of 
more than 25% of calcaneocuboid articulation, calcaneus 
body fracture with significant varus or valgus deformity, 
loss of calcaneal height, significant translation, and in 
cases of calcaneal tuberosity avulsion and displacement of 
the sustentaculum tali. Open reduction and stable internal 
fixation without joint transfixtion have been established as 
the standard treatment for displaced, intra-articular frac-
tures [14]. There is a higher risk of wound complications 
after calcaneal fractures. The success rate also depends on 
several factors including bone quality, age, sex, smoking, 
and personality of the patient. Patients may develop subta-
lar joint arthritis and foot pain despite a good reduction 
and fixation.

Rehabilitation Postoperative rehabilitation is recom-
mended with gradual increase in intensity after the patient 
has been cleared for weight-bearing, and bony healing has 
been confirmed.

51.6.2  Cuboid Fracture (ICD 10 – S92.2)

Description Cuboid fractures are usually associated with 
complex injuries of the foot, and isolated cuboid fractures 
are rare. It can occur as a result of a compression due to car 
accident or direct crush of the lateral and dorsum of the foot 
when a heavy object falls on the foot. It may also present as 
an avulsion fracture from an ankle sprain. It is often accom-
panied by Lisfranc fracture and dislocation [15].

Presentation Early detection of these fractures require a 
high degree of suspicion and often missed. Local swelling, 
antalgic gait, refusing to bear weight on the lateral aspect of 
the foot, may indicate cuboid fracture. Ecchymosis and 
deformity may point to calcaneocuboid joint involvement 
and instability. Direct palpation of the cuboid, the over lat-
eral aspect of the midfoot reproduces pain.

Orthopedic care X-rays usually diagnose simple fractures, 
but advanced imaging including CT or MRI may be indicated 
particularly in stress fracture. Some practitioners with expertise 
in ultrasound may be able to detect these fractures on sonogra-
phy. X-ray can differentiate between this entity and fractures of 
the fifth metatarsal, calcaneal avulsion fracture, Lisfranc inju-
ries, tarsal coalition, and os peroneum injury which are all in 
the differential diagnosis. In most cases, supportive care is 
adequate for treatment of isolated cuboid fracture. This includes 
pain management, swelling control, elastic bandage or walking 
boot, and partial weight- bearing until symptom resolves. In 
severe cases, 4–6 weeks of immobilization with casting is nec-
essary. Open cuboid fracture and articular displacement are 
among absolute indications for urgent ORIF management [16]. 
In cases with extensive skin lacerations, severe comminution 
and displacement of fragments, spanning external fixation, 
allows restoration of lateral column length [17].

51.6.3  Midfoot Fractures-Lisfranc (ICD S92.3)

Description The Lisfranc joint consists of the five tarso-
metatarsal joints that connect the forefoot to the midfoot. The 
Lisfranc ligament attaches the base of the second  metatarsal 
to the first cuneiform. Lisfranc complex injuries vary in sever-
ity from simple strains to one or more tarsometatarsal joint 
dislocation with or without fracture. A Lisfranc fracture dis-
location disrupts one or more tarsometatarsal joints and is 
associated with disruption of at least one ligament that stabi-
lizes the midfoot. The mechanism of injury is either direct 
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blow or an indirect twisting force to the foot while in plantar 
flexion. AP, lateral, and oblique X-rays of the foot are indi-
cated (Fig. 51.5), but these fractures could be missed requir-
ing CT scan to identify disruption of the tarsometatarsal joint. 
If CT is not available, stress X-rays can be used.

Orthopedic care Dislocations often spontaneously reduce, 
but this injury usually requires open reduction with internal 
fixation (Fig. 51.5) or at times midfoot fusion. If surgery is 
not recommended, patients are immobilized with a cast and 
non-weight-bearing for ≥6 weeks.

51.6.4  Midfoot Fractures – Chopart (ICD 
S92.201)

Description Chopart fracture dislocation results from high- 
energy impact such as falling from heights, road collision pro-
ducing a plantarflexion and inversion stress on the foot, and 
medial/superior dislocation along with fracture. The Chopart 

articulation was initially described in distal foot tumors, as a 
site for foot amputation. It corresponds to the center of the foot, 
allowing for articulation of the talocalcanealnavicular joint. 
The talonavicular or calcaneocuboid joints separate the hind-
foot from the midfoot. Chopart fracture dislocation involves 
bony structures of navicular, cuboid, talus, and calcaneus [18].

Orthopedic care Given the complex nature of this injury, 
anatomical bone and joint reconstruction, addressing injured 
soft tissue, immediate joint reduction, and restoring bony 
alignment and avoiding complications including compart-
ment syndrome, is the primary objective of surgical manage-
ment [18, 19]. Fusion may become necessary if there is 
severe joint destruction but may result in impaired functional 
mobility of the foot [19].

51.6.5  Metatarsal Fracture (ICD 10 – S92.3)

 A. Proximal fifth metatarsal fracture is a well-known frac-
ture in high-performance athletes and dancers. There is an 
increased incidence of fifth metatarsal fracture observed 
in female dancers over 40, and a strong correlation was 
noted on this age group and low-energy trauma mecha-
nism [20]. The so-called dancer’s fracture [21] are long 
spiral fracture extending into the distal metaphyseal area.

The blood supply characteristics and unique anatomy 
of proximal fifth metatarsal fracture makes a high risk of 
delayed union or nonunion of fractures occurring at the 
junction of the diaphyseal-metaphyseal. X-rays are diag-
nostic in detecting such fractures, but further imaging 
including CT scan may be indicated. Lawrence and Botte 
classified this fracture into three types/zones (Table 51.4, Fig. 51.5 Lisfranc’s fracture/dislocation and oblique view after ORIF

Table 51.4 Lawrence and Botte classified proximal fifth metatarsal 
fracture

Lawrence and Botte classified proximal fifth metatarsal fracture 
(Fig. 51.6)
Avulsion fractures of tuberosity (Zone I)
Fractures at the metaphysis-diaphysis junction extending into the 
fourth-fifth intermetatarsal facet (Zone II)
Proximal diaphyseal fractures (Zone III)

Fig. 51.6 Lawrence and Botte fracture zones. (Illustration by Yasmine 
Mostoufi)
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Fig. 51.6), each corresponding to a prognosis and treat-
ment strategy. For the fracture of Zone II and Zone III, 
percutaneous intramedullary screw or ORIF with a plate 
is the recommended management [20].

 B. Jones fracture: This fracture is located at the metadiaph-
yseal junction, approximately 1.5–3 cm from the base of 
the fifth metatarsal and has a predominantly horizontal 
course. This fracture is prone to nonunion and almost 
always takes longer than 2  months to heal. X-rays/CT 
scan can detect Jones fracture. A non-weight-bearing 
cast for 6–8 weeks is needed to avoid displacement of the 
fracture. Intramedullary screw fixation is recommended 
for competitive athletes or in nonoperatively managed 
fractures when delayed union has occurred. ORIF may 
be needed in nonunion cases.

Most other metatarsal fractures can be treated conser-
vatively with protective weight-bearing.

51.7  Toe Fracture

51.7.1  ICD 10

• Fracture of Lesser toes: S92.5
• Fracture Great toe: S392.4

51.7.2  Description

Toe fractures are common, comprising 3.6–8% of injuries to 
the lower extremity [22]. The big toe is the most commonly 
injured toe, representing the greatest proportion of all toe frac-
tures [23] at 38–56%. Big toe fractures often involve distal pha-
lanx resulting from direct crushing-type injury (dropping an 
object on the toe). Stabbing injury often involves interphalan-
geal joints and the resulting dislocations with or without intra-
articular fracture [22]. If the toe is not fractured but only the 
ligaments around the toe are sprained due to hyperextension, 
this condition is called Turf toe, commonly seen in athletes 
playing on turf. Injuries to the hallux can result in long-term 
pain and disability if not properly diagnosed and treated.

51.7.3  Presentation

Fracture toe is associated with pain, swelling, and tenderness 
on examination and pain with gentle axial loading. X-rays 
are indicated if rotation deformity is noted or joint involve-
ment is suspected. AP and oblique view of the hallux or indi-
vidual toe can confirm fracture.

51.7.4  Management

Stable, nondisplaced toe fractures should be treated with 
buddy taping and a rigid-sole shoe to limit joint movement. 
In the case of displacement, reduction is necessary prior to 
buddy taping. Fracture dislocation, displaced intra-articular 
fracture, and unstable first toe fracture may result in circula-
tory compromise and significant soft tissue injury requiring 
surgical reduction and stabilization.

51.8  Ankle Dislocations

51.8.1  ICD: S93.0

51.8.1.1  Description
Ankle dislocations are a relatively common type of disloca-
tion encountered in the emergency department. They exist in 
two forms: a true dislocation without fracture or a fracture- 
dislocation, occurring in the vast majority of cases [24].

A pure ligamentous dislocation has been reported to occur 
in multiple directions and by multiple mechanisms [25]. The 
most common injury pattern occurs when the ankle is maxi-
mally plantar-flexed with an axial load and forced inversion 
of the foot [26].

The more common ankle fracture-dislocation occurs via 
similar mechanics as non-dislocated ankle fractures. The 
most likely resulting fractures, bimalleolar and trimalleolar, 
often result from an abduction force and displacement of the 
talus which is how the ankle appears to be dislocated at the 
time of evaluation. Sometimes these dislocations will spon-
taneously reduce, leaving a malleolus fracture [27]. The 
ankle can be dislocated in five directions: anteriorly, posteri-
orly, laterally, medially, or superiorly. These descriptions 
describe the position of the talus when compared to the distal 
tibia.

51.8.1.2  Presentation
Ankle fracture dislocations most frequently occur in young 
males and are caused during road traffic accidents, sports 
trauma, or falls. These injuries typically result from high- 
energy trauma. On examination, it is important to note the 
direction of the foot relative to the ankle mortise, the pres-
ence/absence of the dorsalis pedis and posterior tibial pulses, 
capillary refill of the distal foot, other associated injuries of 
the foot, and localizing areas of tenderness and swelling. The 
sensory examination of the foot is mandatory. The examiner 
should also note the ability to flex and extend the toes. These 
important physical exam findings should be documented 
before and after the manipulation of the foot [26].
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51.8.1.3  Orthopedic Care
The treatment goal is to obtain immediate anatomic align-
ment of the distal tibia and fibula, with a congruent tibiotalar 
joint. Ankle fracture dislocations are often treated opera-
tively as they result in unstable bimalleolar and trimalleolar 
fractures. After a concentric reduction, these injuries can be 
approached in a similar way to unstable ankle fractures that 
did not result in a dislocation.

51.9  Toe Dislocation

51.9.1  ICD: S93.1

A toe dislocation occurs when the tissues, or ligaments, that 
hold the joint together are torn. Traumatic dislocations of 
lesser metatarsophalangeal joints and lesser interphalangeal 
joints are uncommon. Hyperextension with axial loading 
produces the injuries. Ipsilateral foot fractures or disloca-
tions often occur and thus may compromise the outcome.

Thirty percent of dislocations of lesser metatarsophalan-
geal joints and virtually all lesser interphalangeal joints dis-
locations require open reduction; most often, the plantar 
plate prevents closed treatment of either group [27]. 
Postoperative course and rehabilitation should be in collabo-
ration with surgeons. Splinting, taping, and an exercise pro-
gram after recovery from surgery would likely be 
recommended which may include passive toe exercise, toe 
curl, towel scrunches, and marble pickups.
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52.1  Bony Trauma Surgery

Surgical procedures performed on the bone and joints are 
often related to injuries sustained in motor vehicle accidents, 
sports, or mechanical fall. Degenerative changes associated 
with pain and dysfunction may lead to surgical intervention as 
well. Surgical interventions in fracture require closed or open 
reduction of the broken bone and fixation of the fracture. 
Different methods are used to repair the fracture including 
Kirschner wires, screws, plates, and flexible or rigid intramed-
ullary nails. Different plates including locking and anatomical 
plates are used. There are also different types of screws avail-
able with a variety of diameter, thread, and locking options.

52.1.1  Surgical Intervention: Ankle Fractures/
Dislocations

Ankle fractures are common in all age groups, resulting from 
both high- and low-energy traumas [1]. The two most com-
mon age groups are physically active younger men and older 
women with frailty. Frail elderly patients are more likely to 

present following lower-energy trauma to the lower limb 
(i.e., mechanical fall). A common Danis-Weber classifica-
tion (Table 52.1) describes ankle fracture by its location rela-
tive to the syndesmosis. Syndesmotic injury is linked with an 
unstable ankle joint injury.

52.1.1.1  Orthopedic Care
As opposed to Weber A stable fracture that could be man-
aged nonoperatively, it is broadly accepted that Weber B and 
C injuries are likely to be unstable injuries and often require 
operative internal fixation (Fig.  52.1). Lateral malleolus is 
fixed with plate or nail and medial malleolus with partial 
threaded screws/plate; posterior malleolus is fixed with 
screws only or plate according to the size of the fragment. 
The ankle is immobilized in a temporary plaster cast for the 
first 2 weeks for comfort and then a range of motion exer-
cises may start.

52.1.1.2  Rehabilitation
Weight-bearing is determined according to the bone quality 
and fixation achieved during surgery. In younger patients 
with good bone stock and fixation, partial weight-bearing 
can begin after 2 weeks. Others may need a period of 6 weeks 
of non-weight-bearing. Patients will require rehabilitation 
following a period of immobilization. The initial speed of 
recovery can be rapid, but often the healing process can take 
up to 2 years from initial injury [2]. Rehabilitation exercises 
are key to improving patients’ quality of life and restoring 
the dynamic function of the ankle joint.
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52.1.2  Surgical Intervention: Talar Fracture

The talus is a special bone, as its surface is more than 80% 
articular and its blood supply is from distal to proximal, so 
the risk of nonunion and avascular necrosis (AVN) is higher. 
Displaced fractures of the talus are usually openly reduced 
and fixed with screws or plates. Reduction must be abso-
lutely anatomical to minimize the risk of already mentioned 
AVN and nonunion. Postoperative rehabilitation is not to 
bear weight for at least 6 weeks, but the range of motion can 
be started immediately after the operation.

52.1.3  Surgical Intervention: Pilon Fracture

Pilon fractures are high-energy injuries involving fractures 
of the articular surface of the distal tibial and occasional 
extension to the proximal diaphyseal bone. Rüedi and 
Allgöwer classified the fracture to three types [3] outlined in 
Table  52.2. Pilon fractures are usually comminuted and 
unstable, requiring reconstruction of the joint surface ana-
tomically to prevent arthritis in the future. Staged manage-
ment of high-energy complex tibial pilon fractures is 
recommended since studies report acute ORIF through trau-
matized tissue was associated with high complication rate 
[4]. Pilon fractures are fixed with anatomic, locking plates. 

Early rehabilitation is started in some cases, but weight- 
bearing is often delayed for at least 6 weeks. Soft tissue com-
plications are more common in this type of injury because of 
poor soft tissue envelope in the distal third of the leg.

52.1.4  Surgical Intervention: Ankle 
Replacement

Total ankle replacement is a good treatment option for com-
plete, end-stage ankle arthritis. It can restore joint function 
and make the patient mobile with little or no pain. There are, 
however, many contraindications to be considered. It is 
reserved for low-demand patients with severe arthritis. 
Longevity of the ankle replacements has improved signifi-
cantly recently, achieving 75–90% at 10 years.

52.1.4.1  Operation
Anterior arthrotomy and capsulectomy are performed 
through an anterior, longitudinal incision between the exten-
sor hallucis longus and anterior tibial tendons. After the tib-

Fig. 52.1 AP/lateral view of the ankle, before and after open reduction and internal fixation (ORIF)

Table 52.2 Rüedi and Allgöwer classification of pilon fractures

Type 1 Nondisplaced intra-articular
Type 2 Displaced without comminution
Type 3 Displaced with comminution (most common)

S. B. Mostofi et al.



511

ial and the talar cut is performed, the trial components are 
inserted to check the alignment, stability, and joint motion, 
and the component position is confirmed by image intensifi-
cation. The selected implants are then inserted, and the 
wound is closed and covered by a compressive dressing. In 
the case of malalignment, ligamentous instability, and con-
comitant osteoarthrosis of the distal joints, additional surger-
ies might be considered before prosthetic implantation. 
There are numerous implant designs [5], but the three- 
component mobile-bearing implants are most popular 
(Fig.  52.2). Relative contraindications include severe 
 osteoporosis, poor bone quality, active infection, Charcot 
joint, and high BMI. Range of motion is allowed immedi-
ately after the operation; weight-bearing is dependent on the 
fixation method and the surgeon’s preference but often 
restricted for 4–6 weeks.

52.1.4.2  Rehabilitation
After surgery, intensive outpatient physiotherapy begins 
which includes gait training, proprioception exercises, grad-
ual increase to full weight-bearing, active and passive ankle 
ROM therapy, extension exercises, and therapy to strengthen 
the triceps surae muscle.

52.1.5  Surgical Intervention: Ankle Fusion

Ankle arthrodesis is a common treatment used for patients 
with end-stage ankle arthritis. Ankle arthrodesis has long 
been the traditional operative treatment for posttraumatic 
arthritis, rheumatoid arthritis, infection, neuromuscular con-
ditions, and salvage of failed ankle arthroplasty. It remains 
the treatment of choice for patients in whom heavy and pro-
longed activity is anticipated. The surgical goal is to obtain 
bony union between the tibia and talus, adequate alignment, 
and improved ambulation function [6].

52.1.5.1  Operation
There are many variations in operative technique including dif-
ferent approaches (open or arthroscopic) and fixation methods 
(internal or external fixation) [7]. Fixation used ranges from 
screws to plate and nails (Fig.  52.3). Arthroscopic ankle 
arthrodesis is typically reserved for patients with little to no 
joint deformity. Open arthrodesis is best utilized for patients 
with moderate to severe deformity as this allows for better visu-
alization for malalignment correction [6]. External fixation is 
typically indicated for complex patients with significant bone 
defects, limb length discrepancies, poor bone quality, and 

Fig. 52.2 Ankle joint replacement (AP and Lateral X-rays)
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active or previous infection [6]. There is data to support a sig-
nificantly higher rate of subsequent adjacent- joint arthrodesis 
in the open approach as compared to arthroscopic cohort [8].

52.1.5.2  Rehabilitation
The postoperative management depends on the method of 
fixation and preference of the surgeon.

52.1.6  Surgical Intervention: Foot Fractures/
Dislocations

Fractures of the neck of the talus are the most common, 
accounting for 50% of all talus fractures due to forced dorsi-
flexion of the foot, which drives the weak trabecular bone of 
the neck of the talus against the stronger anterior tibial plat-
form. In approximately 25% of such fractures, supination of 
the hindfoot leads to medial neck comminution and medial 
malleolus fracture. The most commonly used classification 
system for talar neck fractures was described by Hawkins 
(Table 52.3), and type 2 fracture is the most common.

When the talus is dislocated, an urgent reduction in the 
emergency room is indicated to reduce the risk of AVN. If 
reduction is unsuccessful, urgent surgical care is recom-
mended. Displaced fractures of the talus are usually openly 
reduced and fixated with screws or plates. Ideal reduction is 
absolutely anatomical to reduce the risk of AVN and non-
union. Postoperative rehabilitation is non-weight bearing for 
at least 6 weeks, but range of motion can be started immedi-
ately after the operation.

52.1.7  Surgical Intervention: Metatarsal 
Fractures

Most metatarsal fractures can be treated conservatively with 
protective weight-bearing. In a small number of cases, sur-
gery is needed, and the fracture can be fixed with an intra-
medullary device or plate. Lisfranc’s fracture dislocation 
must be mentioned as it represents dislocation of the tarso-
metatarsal joint and needs to be reduced anatomically and 
fixed accordingly (Fig. 52.4).

52.1.8  Surgical Intervention: Foot Fusion

Arthrodesis or fusion is the most common procedure done 
for arthritis or correction of deformities. It can involve one or 
more joints. Triple arthrodesis involves fusion of talonavicu-
lar, calcaneocuboid, and subtalar joints. A combination of 
screws and plates/staples are used to fix the joints. Below the 
knee, a cast is applied for at least 6  weeks. Non-weight- 
bearing is the standard for at least 6 weeks.

Fusion of the midfoot and forefoot follows the same prin-
ciples as the hindfoot fusions. All of them are to relieve pain 
and correct deformity.

Fusion of the first metatarsal phalangeal joint (MTPJ) had 
been described as early as 1887 by Davies-Colley [9] and 
later by Clutton [10] in 1894 who concluded that stiffness of 
the first MTPJ, in an optimal position, would produce a long-
standing and satisfactory result for patients with degenera-
tive arthritis and hallux valgus (Fig. 52.5). The gold standard 
is still arthrodesis of the first MTPJ despite numerous options 

Fig. 52.3 AP view of ankle fusion with plate fixation

Table 52.3 Hawkins classification of talar neck fracture

Hawkins 
type 1

Nondisplaced talar neck fracture

Hawkins 
type 2

Talar neck fracture + either subluxation or dislocation 
of the subtalar joint

Hawkins 
type 3

Talar neck fracture + dislocation of tibiotalar and 
subtalar joint

Hawkins 
type 4

Talar neck fracture + subluxation or dislocation of the 
talonavicular joint

S. B. Mostofi et al.
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including partial or total replacement with metallic, ceramic, 
or silastic implants.

Resection arthroplasties of metatarsal head or proximal 
phalanges of metatarsophalangeal joints are sparingly used 
to correct deformities of the toes especially in a rheumatoid 
foot.

52.1.9  Surgical Intervention: Osteotomy

Corrective osteotomies are very common in the foot. 
Indications can be congenital as cerebral palsy deformities or 
acquired as pes planus. The most common osteotomies are 
calcaneal osteotomy to correct the hindfoot deformity. 
Lateral or medial column osteotomy to lengthen or shorten 
the column and correct the midfoot deformity.

Bunions or hallux valgus correction: Bunions are a com-
mon complaint, particularly among older female patients. 
They are characterized by progressive deformity at the meta-
tarsophalangeal joint, resulting in a painful dorsomedial 
prominence. This may cause difficulties with shoe wear and 
contribute to falls in the elderly. Metatarsal osteotomies are 
needed to correct forefoot deformity (Fig. 52.6). More than 
150 procedures have been described, and the most recom-
mended is an open approach. More recently, a minimally 
invasive approach to bunion correction has gained popularity 
among some surgeons. Fixation of these osteotomies is done 
using screws and plates depending on the bone involved and 
the surgeon’s preferences.

52.2  Soft Tissue Trauma Surgery

52.2.1  Acute Achilles Tendon Ruptures

Achilles tendon ruptures typically occur in two groups of 
patients. The first being high-performance athletes and is 
proposed to be secondary to a combination of underlying 
repetitive microtrauma and abnormally high loads placed 
through the tendon during eccentric loading. The second 
group of patients are middle-aged patients with a typical his-

Fig. 52.4 Lisfranc’s fracture/dislocation. Oblique view before and 
after ORIF

Fig. 52.5 Hallux valgus with arthritis of first MTPJ arthritis. Fusion of the first MTPJ with screws
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tory of occasional sports performance also known as the 
“weekend warrior.” Unfortunately, the incidence of Achilles 
tendon ruptures has been rising. In 2005, Suchak et  al. 
reported an incidence of 5.5–9.9 per 100,000 [11]. In 2017, 
Freedman et al. reported an incidence of 15 per 100,000 in 
women and 55 per 100,000 in men [12].

The exact mechanism of Achilles tendon ruptures is still 
an undergoing research as eccentric loading and micro-
trauma is only one aspect of the pathophysiology. Holmes 
et al. in 2007 proposed a metabolic component for Achilles 
tendon injury. They proposed a triad of hypertension, obe-
sity, and diabetes to culminate in endothelial damage in the 
blood vessels, leading to tendon abnormalities. Additionally, 
they have reported an association with estrogen supplemen-
tation and Achilles tendon ruptures [13]. In support of the 
theory of an underlying metabolic component to Achilles 
tendon ruptures, it has been theorized that statins increase 
the risk of tendon rupture by impairing matrix metallopro-
teinase function [14]. Patient factors can also predispose 
the patient to tendon rupture. Inflammatory conditions such 
as rheumatoid arthritis, gout, and lupus also play a contrib-
uting role. Steroid medication and fluoroquinolone class of 
antibiotics have been associated with Achilles tendon 
rupture.

52.2.1.1  Orthopedic Care
A significant amount of literature has been published regard-
ing the management of Achilles tendon ruptures. Initial man-
agement involves immobilizing the foot in a walking boot 
with wedges to place the foot in plantar flexion or placing the 
foot in an equine cast. A thorough discussion is then required 
to evaluate the patient for risk factors for tendon rupture and 
to establish the goals of treatment for that individual patient. 
Willets et al. reported equivalent functional outcomes with 
conservative and operative management [15]. The operative 
management provided better restoration of initial push-off 
strength; however, it subjects the patient to the risk of wound 
complications in the area.

52.2.1.2  Rehabilitation
Conservative treatment would entail early range of move-
ment and controlled loading as this has been reported to 
have as good outcomes in comparison to operative manage-
ment with protected weight-bearing in a walking boot with 
20-degree heel inserts for 2 weeks which was subsequently 
advanced gradually to full weight-bearing at 4 weeks. The 
total duration of time in the boot was 8 weeks for patients 
[15]. Surgical repair of the Achilles tendon is a successful 
procedure but unfortunately risks the devastating complica-

Fig. 52.6 AP view: hallux valgus deformity and bunionette deformity of the fifth ray before and after surgical correction
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tion of wound breakdown over the surgical incision site. 
Numerous methods for performing the repair have been 
described with new methods being introduced to promote 
minimally invasive repair techniques.
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Osteoarthritis

William A. Berrigan, Oluseun Olufade, Kenneth Mautner, 
Jason L. Zaremski, Julio A. Martinez-Silvestrini, 
S. Ali Mostoufi, Ariana Mostoufi, Kristian von Rickenbach, 
Adam Tenforde, Haylee Borgstrom, Jennifer Soo Hoo, 
Gerard D’Onofrio, Figueroa Gisela, and Kyungje Sung

53.1  Shoulder OA

William A. Berrigan, Oluseun Olufade  
and Kenneth Mautner

53.1.1  ICD 10 Codes

Glenohumeral – M19.019

53.1.2  Synonyms

• Secondary osteoarthritis – shoulder (M19.219)
• Traumatic arthropathy – shoulder (M12.519)

53.1.3  Description

This section concentrates more on glenohumeral arthropa-
thy, but the AC joint is part of the shoulder joint complex as 
well.

Glenohumeral osteoarthritis is defined as a progressive 
loss of articular cartilage resulting in bony erosion, increased 
pain, and decreased function. It is the third most commonly 
affected large joint behind the knee and the hip [1]. There are 
many primary risk factors for developing arthritis including 
age, genetics, sex, Caucasian race, and obesity. Secondary 
causes include avascular necrosis, infectious or crystalline 
arthropathy, prior trauma, and prior surgery [2]. The exact 
rate of progression of the disease in the shoulder is unknown 
but, in the knee, has been shown to have an annual progres-
sion rate of 2.8% [3].

AC joint The acromioclavicular joint although separate 
from the glenohumeral joint is considered part of the shoul-
der complex. It is prone to osteoarthritis and presents with 
anterior shoulder pain. AC arthropathy is often limiting fac-
tor with abducting the arm, using the arm overhead and mov-
ing the arm across the body to the opposite side. Clinically it 
is easy to diagnose given the location of the AC joint. 
NSAIDS, rehabilitation, localized injections, and rarely sur-
gical intervention can treat pain associated with this 
disorder.
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53.1.4  Clinical Presentation

Symptomatic osteoarthritis is described as a progressive 
increase in pain that is localized posteriorly and deep within 
the joint. The pain is typically associated with pain at night, 
stiffness, reduced range of motion, and, as the disease pro-
gresses, causes functional limitations [4].

53.1.5  Physical Examination

Physical examination can reveal shoulder joint line tender-
ness +/− crepitus with a loss of range of motion, specifically 
in abduction and external rotation. It is important to exclude 
and consider other causes of shoulder pain that can cause a 
loss of active and passive range of motion such as calcific 
tendinopathy and idiopathic adhesive capsulitis.

53.1.6  Diagnostic Workup

Radiographs X-rays are the primary means of diagnosing 
osteoarthritis and can show joint space narrowing, osteo-
phytes, subchondral sclerosis, and cystic changes (Fig. 53.1). 
The axillary and AP views with the arm at 45° of extension 
are best to identify narrowing. Advanced imaging beyond 
radiographs is often unnecessary but can provide informa-
tion on concomitant labrum or rotator cuff pathology and be 
useful in preoperative planning [2].

53.1.7  Treatment

A trial of nonoperative management should be done as first- 
line treatment. Nonoperative strategies include activity mod-
ification, physical therapy to promote strength and flexibility, 
medications, corticosteroid injections, viscosupplementa-
tion, orthobiologics, and peripheral nerve stimulation.

53.1.7.1  Medical Management
Acetaminophen has been demonstrated to be both safe and 
effective at doses up to 3–4 g daily. NSAIDs can be used, but 
patients should be educated on side effects. Topical capsaicin 
has also been shown to be effective compared to placebo and 
offers an alternative and safe option for patients [5].

53.1.7.2  Rehabilitation
Rehabilitation programs are based on the individual’s capa-
bilities. Programs should include joint mobilization tech-
niques, both passive and active, with gradual progression of 
mobility. Structure should include a physiotherapist-guided 
stretching program for the joint capsule, deltoids, rotators, tra-
pezius, latissimus dorsi, biceps brachii, and neck musculature. 
Emphasis should then be placed on a gradual progression of 
strengthening exercises focused on shoulder and scapular sta-
bilization. Exercises are progressed from isometric and iso-
tonic movements to patient-tolerant weight exercises, eccentric 
contraction exercises, and open and closed kinetic chain tech-
niques. A proper home exercise program with a combination 
of techniques should be taught for long- term maintenance [6].

Fig. 53.1 Glenohumeral arthritis with loss of joint space (arrow) and inferior osteophyte (arrow)

W. A. Berrigan et al.
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53.1.7.3  Procedures

Corticosteroid Injections
The use of intra-articular corticosteroid injection is based on 
the effects of the corticosteroid on the synovium and sur-
rounding tissue. Although a common practice, there is a lack 
of high-quality evidence for the indication of corticosteroid 
into the glenohumeral joint. One study showed an average 
pain relief of 4 months [7], while another demonstrated an 
improvement in outcomes at 3  months that was similar to 
that of hyaluronic acid [8]. Optimal dosage and volume have 
not been determined [9], and higher doses and duration are 
known to have detrimental effects on cartilage [10]. Due to 
its toxicity to joint cartilage, use of local anesthetics to dilute 
the steroid is discouraged, and saline should be used. US and 
X-ray can be used for needle placement (Fig. 53.2).

Viscosupplementation
Hyaluronic acid has proven efficacy in randomized clinical 
trials demonstrating both short-term and sustained pain relief 
for 6 months [8, 11].

Orthobiologics
Clinical trials on the use of platelet-rich plasma (PRP) and 
other cellular therapies for the glenohumeral joint are scarce 
and limited to case studies. Although there is high-level evi-
dence for osteoarthritis of the knee, further studies are war-
ranted to show efficacy for the glenohumeral joint [11, 12].

Peripheral Nerve Stimulation
Peripheral nerve stimulation of the axillary nerve/suprascap-
ular nerve has shown promise for refractory shoulder pain in 
those that are not ideal candidates for surgery. Limited stud-
ies demonstrate high response rates with significant pain 
relief and decreased use of opiate medication. Higher-level 
studies are needed to further support its use in GH osteoar-
thritis [13–15].

53.1.7.4  Surgery
If nonoperative measures fail, many surgical options 
are available. For younger patients, joint preservation 
surgery is recommended and may include arthroscopic 
debridement, capsular release, and corrective osteot-
omy. Shoulder arthroplasty is recommended for severe 
osteoarthritis not responsive to conservative manage-
ment, end-stage rotator cuff arthropathy, osteonecro-
sis, and previously failed joint preservation surgery. 
Postoperative recovery time usually includes resump-
tion of normal activities of daily living by 6  weeks 
with return to athletic activities within 4  months [4]. 
For more detail on surgical interventions, please refer 
to Chap. 24.

53.2  Elbow OA

Jason L. Zaremski and Julio A. Martínez-Silvestrini

ba

Fig. 53.2 Glenohumeral injection. (a) US-guided injection, a 5–2 MHz 
curvilinear probe is placed over the posterior aspect of the glenohu-
meral joint. Arrow indicates the needle in plane with the transducer. 
Humeral head (HH); posterior aspect of the glenoid (GL); Infraspinatus 

(InfraS). (b) Fluoroscope-guided needle placement and contrast 
enhancement are seen. (Fluoroscopic picture curtesy of S. Ali Mostoufi, 
MD Boston Regenerative Medicine)

53 Osteoarthritis
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53.2.1  ICD 10 Codes

M19.021, M19.022

53.2.2  Synonyms

Humeroulnar osteoarthritis

53.2.3  Definition

Osteoarthritis (OA) of the elbow may be primary (which is 
rare, as less than 2% of patients with elbow OA have primary 
elbow OA) or more commonly post-traumatic [16]. Risks for 
OA of the elbow are not only multifactorial (such as age, 
prior injury, overhead throwers, manual laborers) but also 
include genetic components [17]. Post-traumatic OA is more 
common in young males [18]. The average age of presenta-
tion is approximately 50 with a range of 20–70 years of age 
[19–21]. Due to the complexity of the elbow anatomy, one or 
multiple of the elbow joints may be involved.

53.2.3.1  Anatomy
The elbow joint is composed of three bones (humerus, radius, 
and ulna) and three joints (humeroulnar, proximal radio- 
ulna, and radiocapitellar joint). The humeral trochlea articu-
lates with the ulnar olecranon, while the radius head 

articulates with both the proximal ulna (Fig. 53.3) and the 
humeral capitellum. Any or all these joints may be involved 
by degenerative joint changes.

53.2.4  Clinical Presentation

OA of the elbow typically presents with stiffness, decreased 
functionality (such as limited ROM), and pain. Occasionally, 
swelling and/or effusion may present as well. Patients will 
report that they have challenges performing everyday activi-
ties such as housekeeping [16]. There is also an association in 
the literature between the development of primary elbow OA 
and manual laborers that clinicians should be aware of when 
obtaining a vocational history [4]. Furthermore, clinicians 
should be aware of wheelchair ambulators, who have an 
increased risk of developing elbow OA due to the extensive 
loads on the elbow while maneuvering the wheelchair [19].

53.2.5  Physical Examination

A typical full physical examination of the elbow including 
inspection, palpation, active and passive range of motion, 
strength testing, neurovascular testing, and special tests 
should be performed. It is important to inquire prior to a phys-
ical examination if the patient has a history of elbow injury 
that may include bony injury (such as a fracture or osteochon-

a b

Fig. 53.3 (a) Anteroposterior X-ray view of the right elbow. The 
humerus, radius, ulna, radiocapitellar, and proximal radioulnar joints 
are also visible in this view. Osteoarthritis may affect one or more of the 

elbow joints. (b) Lateral X-ray view of the right elbow. The radiocapi-
tellar and humeroulnar view are visible in this view

W. A. Berrigan et al.
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dral defects), prior instability (such as dislocation), and/or 
any surgical interventions. While inspecting the elbow, effu-
sion may be observed. Fluid collections are usually identified 
at the lateral aspect, proximal or distal to the lateral epicon-
dyle. Posterior elbow fluid collection may not be related to 
OA, but olecranon bursitis, which will be discussed in another 
chapter. Large joint effusions, redness, and increased tem-
perature are uncommon in elbow OA. These findings may be 
a sign of elbow joint infection or gouty arthritis. Palpatory 
examination may confirm the presence of effusion, and 
patients may have tenderness at the radiocapitellar joint if that 
joint is the arthritic joint. The proximal radio-ulnar joint and 
humeroulnar joint are not easily palpated. In cases of severe 
humeroulnar joint, loose bodies at the posterior elbow may be 
palpated. In particular, it is important to pay attention to ROM 
since limited ROM will limit functionality. An early sign of 
elbow OA includes elbow contracture and loss of extension. 
Thus, clinicians should remember what normal elbow ROM 
is. For activities of daily living (ADLs), functional elbow 
active ROM is considered to be an angle of motion of 100° 
(30° of extension to 130° of flexion) and a 100° angle of fore-
arm rotation (50° of pronation to 50° of supination) [16, 22]. 
Further, if there are limitations of ROM, it should be com-
pared to contralateral side.

53.2.6  Diagnostic Workup

After a thorough history and physical examination has been 
completed, typically radiographs (Image 3) of the elbow are 
obtained to assess for potential extent of OA, if there are 
limitations of ROM on physical examination. Anterior- 
posterior and lateral images are typically sufficient for initial 
radiographic imaging [8]. If there is concern of loose bodies, 
in particular in the posterior compartments as well as the 
proximal radioulnar joints, advanced imaging (with com-
puted tomography or magnetic resonance imaging arthrogra-
phy) may be required [19, 23]. If there are any concerns of 
infection or gouty arthropathy, or if an effusion is present, 
one should consider a synovial fluid aspiration and analysis 
that includes cell count with differential, culture, and crystal 
analysis. While nonspecific, one may also consider obtaining 
C-reactive protein and erythrocyte sedimentation rate (CRP 
and ESR, respectively) as well as a chemical blood count 
with differential for further workup.

53.2.7  Treatments

53.2.7.1  Medical Treatment
Conservative treatment typically begins with relative rest, 
medications, and activity modifications. Nonsteroidal anti- 
inflammatory medication (NSAIDs) can be considered 

depending on preexisting medical conditions. Multiple 
NSAIDs are available, and the patient preference, previous 
experience, potential of adverse effects, and cost should be 
considered on the selection of these agents. If not contraindi-
cated once a day, NSAIDs may be recommended to improve 
medication compliance. If the patient considers one of the 
NSAIDs ineffective, this not necessarily means all NSAIDs 
will be ineffective. It is known that individual response to 
equipotent NSAIDs doses is variable, for which changing an 
NSAID to a different agent should be considered. Adverse 
effects of NSAIDs include hypertension, gastrointestinal, 
renal, or hepatic toxicity. These agents are also usually con-
traindicated in patients with significant cardiovascular dis-
ease. Topical NSAIDs, for which in some patients in which 
oral NSAIDs are contraindicated, may be an alternative [24]. 
Topical NSAIDS have shown improvement in symptoms, 
pain, and ROM, yet their efficacy has short duration. Most 
adverse effects are local reactions, such as burning or red-
ness. The systemic reactions observed with topical NSAIDs 
are typically minimal [24].

Acetaminophen (APAP) may be an alternative for patients 
in which NSAID use is contraindicated. The mechanism of 
action of APAP is poorly understood, most likely acting at 
the central nervous system.

Glucosamine and chondroitin have been studied predomi-
nantly in patients with OA in large weight-bearing joints and 
the knee and hip [25–27]. They are natural compounds found 
in the cartilage, and food supplements have been used in the 
management of OA with mixed results. They have a rela-
tively safe profile, and no major interactions have been 
observed with these agents. Glucosamine could potentially 
alter glucose regulation, while chondroitin may have poten-
tial anticoagulant effects. These agents may need to be used 
with cautions in patients with poorly controlled diabetes 
mellitus, using anticoagulants or in patients with bleeding 
disorders [28].

53.2.7.2  Rehabilitation
The goals of rehabilitation are to decrease symptoms as pain 
and inflammation, maintain, and/or improve range of motion, 
strength, and function. To decrease pain and inflammation, 
modalities such as ice packs, ice massage, or cold compres-
sion pumps may be employed. Range of motion and stretch-
ing exercises, including pronation and supination of the 
elbow, are important to prevent elbow capsulitis or a “stiff 
elbow.” Strengthening and functional exercises should also 
be considered according to symptoms tolerance. In patients 
with moderate to severe OA disease and resultant dysfunc-
tion, a supervised formal physical therapy (PT) may not be 
of great utility for patients and potentially exacerbate 
 symptoms further as loose bodies, and osteophyte formation 
will result in loss of ROM, and PT will not improve ROM in 
this instance.

53 Osteoarthritis
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53.2.7.3  Procedures
Intra-articular corticosteroid injections may provide tempo-
rary pain relief and functional improvement. They are typi-
cally recommended in patients that have tried and failed 
conservative care as medications and PT or unable to partici-
pate in PT, due to uncontrolled pain. There is limited data 
that viscosupplementation has not been shown to be effective 
for elbow OA pain reduction [14]. Using local anesthetic as 
part of the intra-articular injectate adds diagnostic value and 
can differentiate the intra-articular source of pain from the 
referred pain [29]. There is growing interest in treating osteo-
arthritis with orthobiologics (including platelet-rich plasma 
(PRP), bone marrow aspirate concentrate (BMAC), dehy-
drated human amnion/chorion membrane allograft, and 
adipose- derived mesenchymal stem cells), but further 
research in safety and efficacy is still needed.

53.2.7.4  Surgery
If conservative measures such as relative rest, oral and topi-
cal medication, and injections fail, then referral to an elbow 
arthroplasty specialist would be indicated (see surgical inter-
vention in the elbow).

53.3  Wrist and Hand OA

S. Ali Mostoufi and Ariana Mostoufi

53.3.1  ICD 10 Codes

• M19.039: Wrist OA – primary
• M19.139: Wrist OA – post trauma
• M19.239: Wrist OA – secondary

53.3.2  Synonyms

Carpometacarpal OA, Metacarpophalangeal OA, 
Interphalangeal OA, Osteoarthritis of the wrist, Wrist 
arthropathy

53.3.3  Description

53.3.3.1  Wrist OA
In humans, the wrist has a repetitive role in day-to-day activ-
ities, and as a result, it is predisposed to trauma and wear and 
tear, leading to osteoarthritis. The frequency of osteoarthritis 
at the wrist is approximately 13.6% and can result in dys-
function at home, at work, and during sports [30]. Most 
osteoarthritis of the wrist is age-related and develops in 
elderly population, although trauma particularly in younger 

adults can result in early OA development [31]. Trauma to 
the wrist injures the ligaments, fractures the bones, and 
increases the risk of OA over time [32]. Less common causes 
of wrist osteoarthritis include infection, steroid arthropathy, 
myelodysplastic disease, leukemic disorder, and crystal-
induced arthritis [30].

53.3.3.2  Hand OA
Hand OA includes the first carpometacarpal joint (trapezio-
metacarpal), metacarpophalangeal joints, and distal and 
proximal interphalangeal joints. Hand osteoarthritis (OA) is 
a prevalent disease that can lead to substantial pain and 
physical disability. The Framingham study demonstrated 
that 27% of adults aged 26 and over have hand OA [33]. 
Distal interphalangeal joints demonstrate the highest osteo-
arthritis prevalence, while the proximal interphalangeal 
joint shows the lowest problems. In population diagnosed 
with hand OA, distal interphalangeal joints have 35% preva-
lence, third PIP has 18% prevalence, and first CMC has 21% 
prevalence [34]. Females have slightly higher problems than 
males [33]. Gender-specific hand dominance analysis dem-
onstrates OA of second DIP and third PIP OA, presenting 
dominant hand [34].

53.3.4  Presentation

Wrist Pain is the primary complaint of a patient with wrist 
osteoarthritis, which could be exacerbated by the use of the 
wrist and improved with rest. Morning stiffness, swelling, 
and reduced range of motion can be associated with pain. 
Redness and warmth of the joints are often the presenting 
symptoms.

Hand Pain, swelling, morning stiffness, limited range of 
motion, difficulty with grip, and finger deformity are among 
the initial presenting symptoms. Osteoarthritis of the DIP 
joint is associated with joint enlargement, and nodular find-
ing on examination is known as the “Heberden’s node.” 
Similar nodular finding of the DIPs is known as Bouchard’s 
nodes [35]. Patients may have both Heberden’s and 
Bouchard’s nodes without any pain or swelling.

First CMC The trapeziometacarpal articulation has a sad-
dle shape and is located at the base of the thumb. It is known 
as the basal joint and, among hand OA, requires a distinct 
recognition given the critical use of the thumb in almost all 
daily activities requiring the use of the hand. It is univer-
sally accepted that trauma age is a risk factor for hand OA, 
but other factors including obesity and manual occupation 
have been debated in the literature as risk factors 
(Fig. 53.6b) [33].

W. A. Berrigan et al.
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53.3.5  Physical Examination

53.3.5.1  Inspection

Wrist Swelling, deformity, redness, and any skin changes 
could be noted to help with differential diagnosis. In osteoar-
thritis, diffuse swelling in a circumferential pattern around the 
wrist and fingers is noted. Any deformity including dorsal sub-
luxation of the ulnar head should be identified on inspection.

Fingers In examination of the fingers, ulnar or radial deviation 
of the digits and findings of nodules should be documented.

53.3.5.2  Palpation

Wrist For the examination of the wrist of the patient hold/sup-
port the wrist with both hands, place the wrist in slight flexion, 
and palpate the dorsal wrist with his/her thumbs. Instability of 
the joint could be tested in this position. During palpation, 
examine the radial styloid, ulnar styloid, distal radial ulnar 
joint, the hook of the hamate, and the anatomical location of 
the Guyon tunnel. Palpating just distal to the Lister tubercle is 
important to evaluate scaphoid.

Fingers Examination should be complete for Bouchard’s 
nodes at the distal interphalangeal joints and Heberden’s 
nodes in the proximal interphalangeal joints. These are nod-
ular and hard and may feel like a bony bump (Fig. 53.4).

53.3.5.3  Range of Motion

Wrist Deficits in range of motion should be noted. Normal 
range of flexion should be 60–80°, extension approximately 
50–75°, ulnar deviation 30–45°, and radial deviation 15–25° 
[30].

Fingers Examination should evaluate the range of motion 
of the thumb and each digit individually. Metacarpophalangeal 
and interphalangeal joints should be tested. Functional range 
of motion of the metacarpophalangeal joint is 19–71°, proxi-
mal interphalangeal joint 23–87°, and interphalangeal joints 
10–64° [36].

53.3.5.4  Neurological Examination
This includes upper extremity reflexes and sensory testing of 
the median, ulnar, and radial nerve distribution regions. 
Motor examination includes proximal arm, forearm muscles, 
intrinsic hand muscles, grip strength, pinch force, wrist flex-
ion, wrist extension, wrist lateral deviation, wrist medial 
deviation, thumb flexion/extension, individual finger flexion 
/extension, flexion/extension of the metacarpophalangeal 
joints, abduction/adduction of the digits, and motor testing 
of longer/short finger flexors.

53.3.5.5  Special Testing

Tinel’s sign A provocative test to assess diagnosis of median 
nerve compression at the wrist. This could be combined with 
ultrasonography, observation for thenar atrophy, sensory 
testing, and EMG for proper diagnosis.

Phalen test Also a provocative test which could be com-
bined with Tinel’s sign, EMG, and ultrasound for diagnosis 
of CTS, which is in the differential diagnosis for wrist OA.

Finkelstein test Performed in patients with medial wrist 
pain secondary to de Quervain’s tenosynovitis (pain and 
swelling over the first compartment of the dorsal wrist). If 
the test is positive, it should be followed by diagnostic ultra-
sonography for signs of tenosynovitis.

Scaphoid shift test Also known as Watson test, it is a provoca-
tive maneuver to examine the dynamic stability of the scaphoid 
it is considered positive if it causes concordant pain. This test 
diagnoses injury to the scapholunate interosseous ligament.

Distal radial ulnar joint instability In order to evaluate 
volar instability of the wrist/radial ulnar joint, examiner 
will rest the distal radius and ulnar between the thumb and 
index of opposing hands and translates the radius relative to 
the ulna in the neutral, supination, and pronation 
positions.

Fig. 53.4 Broussard’s (B) and Heberden’s (H) or hallmarks of osteoar-
thritis of the digits

53 Osteoarthritis
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Watson test/scaphoid shift test The patient will face the 
examiner, the elbow in 90° bend and the forearm in slight 
pronation. Watson test is performed by grasping the patient’s 
hand from its ulnar aspect of the small metacarpal with the 
examiner’s thumb on the palmar surface of the distal pole of 
the scaphoid. The examiner will then provoke dorsal sublux-
ation of the proximal scaphoid over the dorsal rim of the 
radius, as the wrist is radially deviated. Examiner will pas-
sively move the wrist from ulnar deviation to radial deviation 
while observing the patient’s response. Exerting pressure to 
the distal pole of the scaphoid is critical in order to prevent 
the scaphoid from flexing.

Carpometacarpal compression test In patients with lateral 
wrist/thumb pain, this test could elicit concordant pain origi-
nating from the first carpometacarpal joint. Test is performed 
by grabbing the patient’s first metacarpal with one hand and 
the distal radius with the other, by applying longitudinal 
compression along the first metacarpal into the carpal bone 
and exerting axial compression of the carpometacarpal joint. 
A rotatory motion of the metacarpal could be performed as 
well, eliciting pain at the first CMC joint.

Ulnar collateral ligament testing The patient presenting 
with wrist/inner thumb pain (mostly traumatic) suspect 
Gamekeeper’s thumb. The examiner would evaluate the UCL 
ligament by immobilizing the thumb metacarpal with one 
hand and the proximal phalanx with the other, while apply-
ing ulnar-directed force to the radial side of the joint to gap 
the thumb MCP joint on the ulnar side.

Thumb grind test Designed for evaluation of the osteoar-
thritis of the first carpometacarpal joint (trapeziometacar-
pal). The examiner grips the first metacarpal and exerts axial 
strain on the carpometacarpal joint while making rotational 
movements.

53.3.6  Diagnostic Workup

53.3.6.1  Plain Films
Plain radiograph of the wrist and hand/fingers is inexpensive, 
widely used, and highly diagnostic for osteoporosis of the 
wrist, hand, and finger. Osteoarthritis, most fractures, osteo-
necrosis, and erosions can be detected simply by X-rays. The 
hallmark of osteoarthritis of the fingers and hand includes 
marginal osteophyte formation, joint space narrowing 
(Fig.  53.5), sclerosis of the subchondral space, and cystic 
formations. If chondrocalcinosis is present, calcium pyro-
phosphate deposition compatible with pseudogout could be 
detected (Figs. 53.5 and 53.6).

53.3.6.2  Laboratory Testing
Standard laboratory testing including inflammatory markers 
(ESR, CRP) and rheumatoid factor should be ordered as 
standard workup for arthritic joints. Additional laboratory 
testing includes Lyme titer. If arthrocentesis is performed, 
synovial fluid could be analyzed including for inflammatory 
and crystal-induced arthritis.

53.3.6.3  MRI
Wrist and hand osteoarthritis could be simply detected with 
plain films, but if there is a suspicion of associated soft tissue 
injuries, tendon disorders, or instability, MRI may be indi-
cated. MRI is sensitive for bone marrow abnormalities, syno-
vitis and tenosynovitis, bursitis, ganglion cyst, infection, 
avascular necrosis, soft tissue mass, occult fracture, and liga-
mentum/tendon tear.

53.3.6.4  US
In the workup of the wrist/hand pain and wrist/hand OA, 
ultrasound is primarily used to identify any other abnor-
mality that could resemble painful osteoarthritis including 
soft tissue disease. Ultrasound examination of the wrist and 
hand could be superior to other imaging methods in many 
aspects such as multidimensional character of this imaging 
modality, dynamic evaluation of both the joints and ten-
dons, and precise assessment of the soft tissue. It is safe, 
there is no radiation, and it is portable and readily available 
in clinic or sideline. Ideally a transducer with >12 MHz fre-
quency should be used for the wrist, hand, and finger 
examination.

Wrist US
The dorsal and palmar side of the wrist and hand should be 
evaluated. In the dorsal wrist, I–IV compartments of the 
wrist and its content should be carefully evaluated. Arteries, 
veins, and nerves of the wrist and hand and digits can be 
evaluated for abnormality. On the ventral side, median nerve, 
transcarpal ligament, and the carpal bones, metacarpals and 
phalangeal joints could all be evaluated in both static and 
dynamic forms. Evaluation of TFCC, midcarpal ligament, 
scapholunate ligament, and lunotriquetral ligament con-
cludes ultrasonography of the wrist.

Fingers/Hand US
Ultrasonography is very sensitive in detecting tenosynovi-
tis, trigger fingers, tendon tears, foreign body, and ganglion 
cyst and solid mass when evaluating fingers with ultra-
sound [37]. In osteoarthritis, degenerative findings could be 
detected with ultrasound, and dynamic testing can be 
performed.
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53.3.7  Treatments

53.3.7.1  Medical Treatment
Conservative treatment typically begins with relative rest, 
medications, and activity modifications. Nonsteroidal anti- 
inflammatory medications (NSAIDs) can be considered 
depending on preexisting medical conditions. Acetaminophen 
(APAP) may be an alternative for patients in which NSAID 
use is contraindicated. Wrist splint and finger splints can 
assist with pain relief and improve function [37].

53.3.7.2  Rehabilitation
Guidelines from the European League Against Rheumatism 
(EULAR) recommend exercise therapy as a strategy for 
improving hand strength, but guidelines from the American 
College of Rheumatology (ACR) do not include exercise for 
hand OA. Hand exercise programs may comprise exercises 
designed to improve muscle strength, joint mobility, and/or 

joint stability [38]. Low-quality evidence shows small bene-
ficial effects of exercise on wrist/hand pain and function and 
finger joint stiffness.

53.3.7.3  Procedures
Intra-articular injection of hyaluronic acid and cortisone rel-
atively may provide short-term pain relief, but their long- 
term effect on pain and joint function is questionable [39]. 
They are typically recommended in patients that have tried 
and failed conservative care. Using local anesthetic as part of 
the intra-articular injectate adds diagnostic value and can dif-
ferentiate the intra-articular source of pain from referred 
pain. There is growing interest in treating osteoarthritis with 
orthobiologics (including platelet-rich plasma (PRP), bone 
marrow aspirate concentrate (BMAC), dehydrated human 
amnion/chorion membrane allograft, and adipose-derived 
mesenchymal stem cells), but further research in safety and 
efficacy is still needed.

a b

Fig. 53.5 (a) OA of the third distal interphalangeal joint (DIP with significant joint space narrowing). (b) Intraarticular injection of contrast into 
the first carpometacarpal joint (CMC) prior to injecting corticosteroid. (Images curtesy of S. Ali Mostoufi, MD Boston Regenerative Medicine)
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53.3.7.4  Surgery

Wrist Surgery
Total wrist arthrodesis (fusion) has been the gold standard 
for managing advanced inflammatory and degenerative wrist 
arthritis. There is a recent trend toward motion-preserving 
surgery in the form of total wrist replacement. Wrist arthro-
plasty has been compared with wrist arthrodesis through 
retrospective-matched cohort studies in which the arthro-
plasty group showed better outcome in performing certain 
activities such as personal hygiene [40]. Pain scores, satis-
faction, and complication rates were similar in both groups 
[40]. Studies are mix when it comes to functional outcomes 
when comparing arthroplasty to fusion.

Hand/Finger Surgery
For end-stage painful osteoarthritis of the hand and fingers, 
surgery may be recommended. Although joint replacement 
and arthrodesis are more common, denervation of the joints 
including trapeziometacarpal and finger joint denervation 
has shown to provide equally satisfactory pain relief. Given 
the high frequency of trapeziometacarpal osteoarthritis (first 
CMC), it is particularly of interest for arthroplasty. Studies 
on arthroplasty demonstrate 92% patient satisfaction, low 
complication rate, and a 5-year durability, making this treat-
ment a reliable alternative to arthrodesis.

53.4  Hip OA

Kristian von Rickenbach, Adam Tenforde  
and Haylee Borgstrom

53.4.1  Synonyms

Femoroacetabular osteoarthritis

53.4.2  ICD 10 Codes

• M16.10: Primary hip OA
• M16.11: Right hip OA
• M16.12: Left hip OA
• M16.7: Secondary hip OA

53.4.3  Description

Hip osteoarthritis (OA) is a multifactorial, degenerative pro-
cess affecting not only the femoroacetabular articular carti-
lage but the entire joint and surrounding structures. Hip OA 
is common and is a leading cause of pain and disability 
worldwide [41]. The prevalence of symptomatic hip OA in 

a b c

Fig. 53.6 (a) Osteoarthritis of the distal radial ulnar joint with oppos-
ing osteophyte formation. The double-sided arrow shows widening of 
the scapholunate distance. (b and c) Osteoarthritis of the first carpo-

metacarpal joint with sclerosis of the trapezoid. (Fluoroscopic picture 
curtesy of S. Ali Mostoufi, MD Boston Regenerative Medicine)
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the United States is estimated at approximately 10% for 
those aged 55 years and older [42]. Hip OA may be primary 
(idiopathic), which is most common, or secondary (related to 
an underlying disorder or trauma). Risk factors for primary 
hip OA include advancing age, sex, obesity, ethnicity, and 
genetic predisposition [41, 43]. Men have increased preva-
lence of hip OA before the age of 50, while women have a 
higher prevalence thereafter [43]. Risk factors for secondary 
hip OA include trauma, metabolic or inflammatory disor-
ders, and congenital or acquired hip deformities. While high- 
impact elite sport participation and certain occupations 
requiring heavy manual labor have been linked to hip OA 
[41], this association is likely due to increased risk for joint 
injury/trauma rather than joint loading itself. To date, there is 
no credible evidence to suggest that weight-bearing exercise 
leads to the development of OA. In fact, land-based exercise 
may be protective against OA and has been shown to improve 
pain and function in those with symptomatic hip OA [42, 
44]. Differential diagnosis of hip OA is in Table 53.1.

53.4.4  Clinical Presentation

Hip OA typically presents with an insidious onset of anterior 
hip or groin pain. As discussed in the “Anterior Hip 
Disorders” chapter, patients may demonstrate the “C” sign 
and may describe complex referral patterns to the buttocks, 
thigh, and even beyond the knee. Joint stiffness is often 
worse in the morning and may impact activities of daily liv-
ing, especially those that require excessive joint rotation 
such as donning socks or shoes. Weight-bearing activity, pro-
longed sitting, and transitional movements often exacerbate 
symptoms. Limping, mechanical symptoms, and sensation 
of weakness/instability may also be present as the severity of 
OA advances.

53.4.5  Physical Examination

Comprehensive musculoskeletal examination is needed to 
differentiate hip OA from other potential etiologies as dis-
cussed in preceding chapters.

• Gait: Patients with hip OA will often exhibit an antalgic 
gait with decreased stance phase on the affected side. 

Decreased cadence and short stride length related to 
restricted range of motion may also be appreciated. 
Trendelenburg gait may be present in the setting of con-
comitant gluteal muscular weakness [43].

• Inspection: Evaluate for posture, pelvic tilt, and leg length 
discrepancy noting any significant asymmetries which 
may be present as OA advances [43].

• Palpation: Palpatory examination may be normal for OA, 
though compensatory hip flexor tendon pain/dysfunction, 
gluteal and iliotibial band tendinopathy, and regional 
myofascial pain are common and described in preceding 
chapters.

• Range of motion (ROM): Both passive and active ROM 
should be examined in all planes. In early hip OA, ROM 
may be preserved. Often, the first plane of motion to 
become restricted is hip internal rotation, but as OA 
advances ROM may become limited in all planes. Crepitus 
during ROM may be noted on exams.

• Sensory testing: Bilateral lower extremity sensory exami-
nation assessing L1-S1 dermatomes should be completed. 
Sensory exam should be normal in OA.  If deficits are 
present, neurological diagnoses including lumbar radicu-
lopathy should be considered.

• Deep tendon reflexes: Lower extremity reflexes should be 
tested, including the patella (L4 predominant), medial 
hamstring (L5), and Achilles (S1) tendons. Reflexes 
should be 2+ and symmetric in OA. Neurologic etiology 
should be considered in the case of deficits or 
asymmetries.

• Motor testing: Pain-limited weakness may be noted with 
manual muscle testing in the case of hip OA, especially 
with hip flexion and abduction. Strength assessment 
including L2-S1 myotomes should be completed to evalu-
ate for possible neurologic etiology.

• Joint testing: A comprehensive assessment of the lumbar 
spine including facet joints and sacroiliac joints should be 
performed.

53.4.5.1  Special Maneuvers
Special maneuvers suggestive of intra-articular hip pathol-
ogy, including OA, are described in detail in preceding chap-
ters and include FABER, FADIR, log roll, Stinchfield’s (or 
resisted straight leg raise) test, hop test, and scour test, among 
others (see chapter Anterior Hip Disorders). The most sensi-
tive clinical tests for intra-articular hip pathology are flexion- 
abduction- external rotation (FABER: 82%) and 
flexion-adduction internal rotation (FADIR: 91%), while the 
most specific test is the Stinchfield’s test (32%) [45]. In the 
Stinchfield’s test, the patient lies supine and is asked to flex 
her hip to 20–30° with her knee fully extended and apply a 
resistive force. Pain in the anterior groin with this maneuver 
indicates a positive test.

Table 53.1 Differential diagnosis of hip OA

Psoas tendinopathy Femoral mononeuropathy
Lumbar radiculopathy Sacroiliac pain (groin referral pain)
Pelvic pain Fractures (pelvic/femoral/sacral)
Pelvic/sacral tumor Hiatal hernia
Visceral pain Spondylolisthesis (groin referral pain)
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53.4.6  Diagnostic Workup

X-ray Weight-bearing AP pelvis and lateral hip radio-
graphs are the most frequently utilized imaging modality 
for diagnosis of hip OA. Severity of hip OA may be classi-
fied by various grading scales, most commonly with the 

Kellgren- Lawrence (KL) grading scale [43]. Radiographic 
findings indicative of hip OA includes joint space narrow-
ing, osteophytes, subchondral sclerosis and cyst formation, 
and femoral head and acetabular deformity (Fig.  53.7). 
Importantly, radiographic presence of hip OA does not 
imply symptomatology. While the prevalence of radio-

a b

c

Fig. 53.7 OA of the hip joint. (a) Normal hip joint space. (b) Post arthroplasty. (c) On the left, moderate and on the right severe OA is noted with 
significant joint space narrowing and sclerosis. (Images curtesy of S. Ali Mostoufi, MD Boston Regenerative Medicine)
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graphic hip OA has been described at nearly 30% [43], the 
presence of symptomatic hip OA is approximately 10% in 
those 55 years and older in the United States [42]. Similarly, 
symptom severity often does not correlate with radio-
graphic grade.

MRI and CT Advanced imaging is typically not required 
for the diagnosis of hip OA.  It can be presumed that all 
patients with clinically significant hip OA will have degen-
erative labral tears. Identification of these tears on MRI is not 
necessary and will not change management. However, MRI 
may be utilized for more detailed cartilage assessment in the 
setting of refractory pain or pain out of proportion to radio-
graphic findings, evaluation of differential diagnoses and 
concomitant pathology, and guidance for further nonopera-
tive treatment or operative planning.

53.4.7  Treatment

53.4.7.1  Medical Management
Conservative treatment for hip OA should include patient 
education, activity modification, ice/heat, physical ther-
apy, dietary and weight loss recommendations (if appro-
priate), and consideration of pharmacologic therapy 
including acetaminophen, nonsteroidal anti-inflammatory 
drugs (NSAIDs), and topicals for concomitant myofascial 
pain. Supplementation with glucosamine and/or chondroi-
tin have not been proven superior to placebo in the man-
agement of osteoarthritis [41].

53.4.7.2  Rehabilitation
Physical therapy is a mainstay of treatment for hip OA and 
should focus on developing an individualized program to 
improve core, gluteal, and circumferential hip strengthen-
ing, posture/pelvic alignment, balance, gait, and joint mobil-
ity [41, 43], keeping in mind that excessive stretching at 
end- range of motion is often irritating for the joint. Land-
based exercise has been demonstrated to improve pain and 
function in symptomatic hip OA [42, 44]. As OA advances, 
impact exercise such as walking may exacerbate symptoms. 
Incorporation of non-impact aerobic exercise including 
cycling and swimming may be better tolerated as a means of 
promoting cardiovascular health and weight loss. An assis-
tive device is often helpful [43]. A cane should be used in 
the contralateral hand and should fit the patient appropri-
ately (height of greater trochanter, or 20–30° of elbow 
flexion).

53.4.7.3  Procedures

Corticosteroid injections (CSI) Ultrasound- or fluoroscopic- 
guided intra-articular hip CSIs are often utilized for the treat-

ment of hip OA refractory to aforementioned conservative 
care (Figs. 53.8 and 53.9). A recent meta-analysis found that 
CSI for symptomatic hip OA resulted in greater pain reduc-
tion compared to placebo injection at 1 and 3 months [46]. 
Thus, CSI may provide temporary pain relief to allow 
improved tolerance of a combined physical therapy or home 
exercise program. The use of intra-articular steroid and local 
anesthetic injections should be weighed against concern for 
potential medication-related chondrotoxicity, particularly 
with repeat high-dose exposure.

Fig. 53.8 Intra-articular injection of contrast media to confirm intra- 
articular needle placement in advance of steroid and normal saline 
delivery into the left hip joint to help with pain. (Image curtesy of S. Ali 
Mostoufi, MD)

Fig. 53.9 Ultrasound can be utilized to perform intra-articular injec-
tion. Star demonstrates target for needle tip placement within joint cap-
sule at the head and neck junction. Arrow shows the acetabulum and a 
portion of labrum. (Image curtesy of S. Ali Mostoufi, MD)
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Hyaluronic acid (HA) injections HA injections, or visco-
supplementation, may be considered for the treatment of 
refractory hip OA, though far less commonly compared to 
knee OA due to limited high-quality evidence and associated 
lack of insurance coverage. A recent meta-analysis of ran-
domized controlled trials found HA provided superior pain 
relief compared to placebo injection at 1 and 3 months [46].

Orthobiologic injections There are limited high-level stud-
ies investigating the use of orthobiologic injections for the 
treatment of hip OA, including platelet-rich plasma (PRP) 
and adipose- or bone marrow-derived concentrates. PRP 
injection may have improved pain reduction at 6  months 
compared to control, CSI, or HA [46], though this has not 
been well-established. Micronized dehydrated human 
amnion/chorion membrane has demonstrated some success 
with OA-related knee pain (67% of individuals for 6 months), 
but the effectiveness and safety of this treatment for hip 
osteoarthritis are not studied systematically.

53.4.7.4  Surgery
Total hip arthroplasty (THA) is the most common surgical 
treatment for hip OA (Fig. 53.7). Surgical referral should be 
made in the case of refractory pain and/or functional limita-
tion affecting quality of life, often in the setting of moderate 
to more advanced OA.  Improved surgical outcomes have 
been demonstrated in patients with higher preoperative func-
tional status [41], indicating the importance of preoperative 
rehabilitation and early referral after failure of nonoperative 
care. Specific surgical considerations for the treatment of hip 
OA along with postoperative management are discussed in 
detail in the following chapter. For detailed information on 
total hip replacement, please see Chap. 42.

53.5  Knee OA

Jennifer Soo Hoo, Gerard D’Onofrio  
and Gisela Figueroa

53.5.1  ICD 10 Codes

M17.1–M17.5

53.5.2  Description

Knee osteoarthritis (OA) is a degenerative condition of the 
knee joint resulting from periarticular tissue abnormalities, 
leading to failed tissue repair and cartilage loss. Knee osteo-
arthritis impacts all tissues within the joint, leading to detect-
able changes in tissue architecture and its metabolism and 
function. There are high rates of asymptomatic osteoarthri-

tis, as symptoms do not necessarily correlate to disease 
extent on radiographs and the progression of disease varies 
greatly between patients.

Anatomy The knee joint is a hinged joint and is comprised 
of three different compartments: medial tibiofemoral, lateral 
tibiofemoral, and patellofemoral. The bones that contribute 
to these compartments are the femur, tibia, and patella. The 
medial and lateral femoral condyles articulate with corre-
sponding tibial plateaus, and the knee capsule surrounds the 
entire joint and extends proximally into the suprapatellar 
pouch. Articular hyaline cartilage, mostly type II collagen, 
covers the femoral condyles, tibial plateaus, trochlear groove, 
and patellar facets. The knee is supplied by branches from 
the femoral, obturator, saphenous, tibial, and common fibu-
lar nerves. More specifically, the knee is innervated by the 
superior lateral, superior medial, and inferior medial genicu-
lar nerves. The vascular supply of the knee is largely pro-
vided by the popliteal artery and four anastomosing genicular 
arteries from the superior medial and superior lateral genicu-
lar arteries as well as the inferior medial and inferior lateral 
genicular arteries. There are additional anastomotic arteries 
contributing to the knee from the anterior tibial and posterior 
tibial arteries [41].

Knee OA is characterized by articular cartilage loss, but 
the disease extends to all aspects of the joint. Articular carti-
lage metabolism is influenced by mechanotransduction, 
leading to tissue remodeling. Improper excessive, or insuffi-
cient loading of articular cartilage, can lead to an imbalance 
of articular cartilage metabolic activity, leading to a deple-
tion of extracellular matrix components and irreversible 
destruction of articular cartilage [42]. Differential diagnosis 
of Knee OA is in Table 53.2.

• Bone and Cartilage Changes in OA
Subchondral bone adapts to mechanotransduction in a 

manner similar to, but more rapidly than, articular carti-
lage. For this reason, in osteoarthritis, the subchondral 
bone plate increases in volume and thickness known as 
subchondral sclerosis. Modification in osteoblastic and 
osteoclastic activity leads to bone lesions such as sub-
chondral cysts and osteophytes. Osteophytes may also 
form at the joint margins via endochondral ossification. 
The synovial fluid and synovial membranes play a vital 
role in cartilage nutrition and may be adversely impacted 
by osteoarthritis, during which synovitis and inflamma-

Table 53.2 Differential diagnosis of knee osteoarthritis

Meniscal tear Patellofemoral pain syndrome
Rheumatoid arthritis Tibial plateau fracture
Septic arthritis Osteochondritis dissecans
Ligament tear Patellar bursopathies
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tion may impact these tissues. Local inflammatory fac-
tors may cause synovial hypertrophy and painful 
synovitis.

• Soft Tissue Changes in OA
Hoffa’s fat pad, otherwise known as the infrapatellar 

fat pad, plays an important role in knee osteoarthritis as it 
is a local endocrine organ, serving to influence the joint 
microenvironment and playing a potential role in chronic 
knee pain. Meniscus lesions and injuries are commonly 
present in osteoarthritic knees, as alteration of meniscal 
function may lead to joint instability, abnormal loading, 
and development of arthritis. Muscular tissues, such as 
the quadriceps muscle, hamstrings, and hip muscles, play 
important roles in knee osteoarthritis, and patients with 
osteoarthritis may have increased intramuscular fat con-
tent in the quadriceps associated with knee cartilage loss. 
Tendon and ligament injuries can also hasten the onset of 
knee osteoarthritis [42].

53.5.3  Clinical Presentation

Common symptoms of knee osteoarthritis include knee pain, 
stiffness, swelling, reduced joint motion, crepitus, locking, 
pain rising from a chair or climbing stairs, and muscle weak-
ness in the quadriceps. Risk factors for developing knee 
osteoarthritis include advanced age, previous knee injury or 
meniscus/ACL surgery, obesity, joint malalignment and 
instability, repetitive actions, and physical inactivity [42]. 
Women are more likely to develop knee osteoarthritis than 
men, which may be attributed to structural differences in 
females such as narrower femurs, greater Q angles, and dif-
ferently sized tibial condyles.

A thorough history and physical examination of a patient 
with knee osteoarthritis may be sufficient for diagnosis. 
Patients can present with one or both knees affected, as well 
as other joints impacted by osteoarthritis. Pain is a common 
presenting symptom and is generally characterized as dull 
and worsened with activity and improved with rest. These 
symptoms can accompany feelings of morning stiffness, 
generally lasting less than 30 minutes. Generally, knee osteo-
arthritis does not present with warmth, swelling, and sys-
temic inflammatory response symptoms, as it is a 
less-inflammatory process than septic or crystal arthropa-
thies. Symptoms generally onset gradually in the fifth decade 
or beyond, but age is a variable contingent upon prior inju-
ries. Patients may have coincident symptoms of locking and 

buckling as meniscal disease is commonly concurrent with 
knee osteoarthritis [43].

53.5.4  Physical Examination

53.5.4.1  Inspection
Patients with advanced knee osteoarthritis may have hyper-
trophy of the knee joint diffusely. Further, there may be 
altered joint alignment, due to a high prevalence of medial 
tibiofemoral osteoarthritis [44]. Preferential joint space nar-
rowing, either at the medial or lateral tibiofemoral compart-
ments may lead to resultant varus or valgus deformity of the 
knee evident in standing. An effusion may accompany osteo-
arthritis and may be discernible on inspection. Atrophy of 
the quadriceps can accompany advanced cases of knee osteo-
arthritis as well [42].

53.5.4.2  Palpation
Palpatory exam in patients with knee osteoarthritis may 
reveal joint line tenderness, indicating potentially superim-
posed meniscus pathology or localized pain due to osteo-
phyte formation and loss of articular cartilage. Mobilization 
of the patella may indicate crepitus or pain if there is patel-
lofemoral arthritis. Knee joint effusion may be present 
 especially in acutely flared presentations. Generally, the 
affected knee is not warm or red.

53.5.4.3  Range of Motion
Range of motion may be limited in patients with advanced 
knee osteoarthritis and may be evidenced by contractures of 
muscles inserting around the knee joint. This mostly leads to 
a flexion contracture of the knee. Further, the entire arc of 
motion will reduce as osteoarthritis progresses and fibrosis 
of the joint capsule occurs. The normal range of motion is 0 
for extension and 140° for flexion, both of which may be 
reduced in patients with advanced osteoarthritis [41].

53.5.4.4  Manual Muscle Testing
Dysfunction and atrophy of the quadriceps muscles associ-
ated with knee osteoarthritis may demonstrate knee extensor 
weakness on examination. The quadriceps may also be 
inhibited through arthrogenic inhibition if there is an associ-
ated effusion. Further, the hamstrings may be inhibited or 
altered if there is a knee flexion contracture. Hip musculature 
may also reveal weakness, potentially due to an altered 
kinetic chain.
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53.5.4.5  Provocative Maneuvers
While there are no specific provocative maneuvers for knee 
osteoarthritis, maneuvers such as the McMurray and 
Thessaly tests may be used to examine meniscus pathology, 
which is commonly seen in knee osteoarthritis. Also, due to 
the pathogenesis of knee osteoarthritis and potential for other 
injuries inciting the process of cartilage degradation, testing 
for ligamentous laxity should be performed.

53.5.4.6  Gait Analysis
As pain is a common presenting symptom of knee osteoar-
thritis, the examiner should evaluate for an antalgic gait. In 
addition, there should be examination of the degree of knee 
flexion throughout stance phase, as this is an important deter-
minant of gait stability, and reliance on genu recurvatum 
may indicate reluctance to load the quadriceps or quadriceps 
weakness, which may stem from nociceptive or arthrogenic 
inhibition.

53.5.5  Diagnostic Workup

53.5.5.1  X-Rays
Plain film radiographs play an important role in the diagnosis 
and treatment of osteoarthritis and are typically obtained 

while the patient is weight-bearing. Common findings 
include osteophytes, joint space narrowing, subchondral 
cysts, and subchondral sclerosis. In particular, the medial 
aspect of the joint may demonstrate joint space narrowing. 
X-rays commonly obtained are standing weight-bearing AP, 
Rosenberg view (PA radiograph with weight-bearing and 
45° of flexion), and lateral and merchant views. These views 
provide insight into the different compartments of arthritis 
manifestation, which may be the patellofemoral compart-
ment, medial tibiofemoral compartment, and lateral tibio-
femoral compartments [41].

The Kellgren-Lawrence system is used to grade knee 
osteoarthritis on a 0–4 scale. Grade 0 is defined as absence of 
X-ray findings suggestive of osteoarthritis, whereas grade 4 
indicates large osteophytes, marked narrowing of joint space, 
severe subchondral sclerosis, and definite deformity of bone 
ends (Fig. 53.10) [45].

53.5.5.2  MRI
Soft tissue imaging performed with MRI is a useful modality 
for evaluating knee pathology but has limited utility in the 
diagnosis and treatment of knee osteoarthritis. In particular, 
MRIs may be indicated if there are signs of concomitant 
meniscal pathology, where patients may have symptoms of 
locking, buckling, or an associated effusion.

a b c

Fig. 53.10 Preoperative standing AP (a). Lateral (b) knee radiographs showing medial joint space narrowing, osteophyte formation, and subchon-
dral sclerosis. (c) A right knee after arthroplasty. (Images curtesy of S. Ali Mostoufi, MD)
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53.5.5.3  Ultrasound
Ultrasound evaluation of the knee can reveal effusions evi-
dent in the suprapatellar recess between the quadriceps fat 
pad and the quadriceps tendon. These may be appreciated 
with the patient supine and the knee slightly flexed, typically 
with a cylinder or towel roll supporting the posterior aspect 
of the knee. Osteoarthritis patients may present with 
isoechoic synovial hypertrophy and anechoic effusions [46].

Ultrasound of the posterior aspect of the knee joint in a 
patient with knee osteoarthritis can reveal a Baker’s cyst 
between the semimembranosus and medial gastrocnemius 
tendons. Ultrasound of the lateral and medial knee joint lines 
can sometimes help to elucidate meniscal pathology that 
should be further evaluated with MRI if clinically indicated. 
Displacement of meniscal tissue can be appreciated dynami-
cally. Possible other pathology that can be appreciated under 
ultrasound includes hypoechoic degeneration with anechoic 
clefts and osteophyte formation at the joint lines. In addition, 
ultrasound in transverse plane over the distal femur may 
demonstrate focal hyaline cartilage defects [46].

53.5.5.4  Arthrocentesis
Osteoarthritis with accompanying effusions can be aspirated, 
although this is not necessary for diagnosis. Synovial fluid 
can be analyzed for white blood cell count, with osteoarthri-
tis patients typically having less than 2000/mL3, while septic 
and inflammatory arthritis tend to have a higher concentra-
tion of white blood cells in synovial fluid [43].

53.5.6  Treatments

53.5.6.1  Medical Management
The medical management of knee osteoarthritis is conceptu-
alized as a means to facilitate participation in physical ther-
apy, reduce pain as a symptom of osteoarthritis, and increase 
physical activity.

• Acetaminophen is widely regarded as a first-line agent in 
symptomatic knee OA [47].

• Topical NSAIDs (e.g., diclofenac gel) can be used to miti-
gate pain.

• Oral NSAIDs (Cox-I or Cox-II inhibitors) in patients 
without contraindications (GI, renal, anticoagulated).

• Glucosamine-chondroitin sulfate supplements have 
mixed data but are generally considered not harmful.

53.5.6.2  Rehabilitation
Physical Therapy plays an important role in the rehabilita-
tion of knee OA.  The goal of rehabilitation is to optimize 
function including improving gait speed and decreasing the 
risk of falls. Treatment strategies address impairments such 

as edema, pain, muscle weakness, limited flexibility, 
decreased range of motion, and imbalance. There is high- 
quality evidence for improved knee extension and flexion 
strength with a low-intensity resistance program when com-
pared to a control at short-term follow-up [48]. There is 
moderate- quality evidence for a large effect favoring high- 
intensity resistance programs [48]. A combination of hip and 
quadriceps strengthening exercises was found to be signifi-
cantly more effective than quadriceps exercise alone for 
improving walking function (Fig. 53.11) [49]. Strengthening 
of the hip extensors, hip abductors, hip adductors, quadri-
ceps, hamstrings, and gastrocnemius can help to reduce pain 
[50]. Gluteal strength training, Tai chi, and aerobics showed 
a significant reduction in the risk of falls [51]. Electrical 
stimulation can be used to enhance strength or decrease pain. 
Interferential current (IFC) was significantly effective in 
treatment of both pain intensity and change in pain score 
[52]. Moderate-quality evidence indicates that aquatic exer-
cise might have small, short-term, and clinically relevant 
effects on pain, disability, and quality of life in individuals 
with knee and hip OA [53]. Bracing and foot orthoses can 
also be considered to decrease pain, joint stiffness, and 
improve balance; however, there is no strong evidence to 
support their long-term use [54]. Patients are provided with a 
home exercise program (HEP) for self-management and pro-
gression while on program. Large evidence of high-quality 
trials indicate home exercise programs with and without 
supervised clinic-based exercises to be effective in the reha-
bilitation of knee OA [55].

53.5.6.3  Procedures
The most commonly performed procedures are corticoste-
roid injections, viscosupplementation injections, neuromod-
ulation and radiofrequency lesioning of genicular nerves. 
There has been emerging evidence and research looking into 
orthobiologics as a role in treating knee osteoarthritis.

Corticosteroid Injections
It provides an anti-inflammatory effect within the knee 
joint microenvironment, which may alter immune cell 
function and subsequently, pain. There are mixed data con-
cerning the long-term effectiveness of intra-articular corti-
costeroid injections for knee osteoarthritis, and 
consideration must be made to use proper real-time imag-
ing guidance in the form of ultrasound as opposed to blind 
palpatory technique [56]. Side effects of glucocorticoid 
administration include system absorption with resultant 
hyperglycemia, hypertension, insomnia, etc. Local effects 
include skin depigmentation, fat necrosis, and cutaneous 
atrophy. There is also evidence that shows corticosteroid 
and lidocaine use are chondrotoxic and may actually accel-
erate degeneration of the knee joint [57].
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Viscosupplementation
Hyaluronate or hyaluronan is a large viscoelastic glycosami-
noglycan molecule that is found naturally in synovial fluid 
and cartilage. Hyaluronate injections help restore and spur 
generation of hyaluronate in synovial fluid. Hyaluronate acts 
as a lubricant and shock absorber. In osteoarthritic knees, the 
natural concentration of hyaluronate decreases. Injections 
can result in extended pain relief (several months). There are 
variable preparations of hyaluronate dependent on molecular 
weight, and their viability as a treatment may be related to 

their preparation  – higher-molecular-weight hyaluronate 
preparations have shown clinical important reductions in 
pain [56].

Biologics
Various regenerative medicine therapies are growing in rec-
ognition for the treatment of knee OA.

• Platelet-rich plasma (PRP): The proposed effect of PRP 
on the knee joint is that there is both a stimulation of local 

Fig. 53.11 A sample of PT exercises for knee OA. Exercises include stationary bike warm-up, hooklying bridge, resisted hip abduction, and 
resisted hip extension with TheraBand
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chondrocytes as well as mitigation of inflammatory 
aspects of the condition. There is a growing literature base 
elucidating the benefit of leukocyte-rich or leukocyte- 
poor PRP. This is a safe procedure as it uses growth fac-
tors from patients’ own blood [42, 56]. There is growing, 
high-quality evidence supporting the use of PRP in knee 
osteoarthritis.

• Prolotherapy: This is injection of a hypertonic solution 
that can be administered in both intra-articular and periar-
ticular fashion. The premise of prolotherapy treatment for 
osteoarthritis is that it spurs a pro-inflammatory microen-
vironment that may in turn lead to a cascade of regenera-
tive cytokines and restoration of cartilage thickness. There 
is mixed evidence regarding efficacy of this treatment 
option for OA.

• Mesenchymal stem cells: Both lipoaspirate concentrate 
and BMAC are proposed to provide minimal concentra-
tions of mesenchymal stem cells and perhaps more impor-
tantly, deliver a litany of growth factors that can combat 
degenerative processes such as knee osteoarthritis. The 
literature for these treatments is growing and they are 
generally considered safe [42, 56].

• Micronized dehydrated human amnion chorion mem-
brane: It is theorized that the human amniotic membrane 
contains growth factors and cytokines, which promote 
epithelial cell migration and proliferation, stimulate meta-
bolic processes leading to collagen synthesis, and attract 
fibroblasts, while also reducing pain and inflammation 
[58]. Limited studies are available on effectiveness, but a 
recent study following patients for 6  weeks, 3  months, 
and 6 months postinjection showed 32%, 56%, and 65% 
improvement in mean Knee Injury and Osteoarthritis 
Outcome Score (KOOS) [58].

Genicular Knee Blocks and Radiofrequency Ablation 
(RFA)
Patients with knee OA and resultant pain and disability from 
the disease process may benefit from genicular knee blocks/
RFA. This may also be an option for persistent knee region 
pain despite knee replacement surgery. Due to the neuronal 
innervation arising from multiple nerves such as the femoral, 
tibial, saphenous, obturator, and common peroneal nerves, 
practitioners can target these nerves as sites for diagnostic 
blocks and therapeutic ablations for refractory knee pain. 
Pain relief can be achieved by inhibiting the sensation of 
pain arising from the knee joint. The electromagnetic fields 
created at the distal end of an RFA needle can cause necrosis 
and denaturation of the fibers innervating the knee joint [56]. 
In a prospective, open-label, and controlled study, compar-
ing anesthetic-only injection vs RF ablation treatment of 
genicular nerve (patients followed for 6  months), the per-
centage of responders in the RF group was approximately 

50% at 4  weeks, 30% at 12  weeks, and less than 10% at 
6 months. Genicular RFA is a viable option for patients who 
are not responding to other conservative management 
although pain relief appears to be shorter as compared to RF 
ablation for medical branches performed for axial spine pain 
due to facet osteoarthritis [59].

Neuromodulation
Dorsal root ganglion stimulation, or genicular nerve stimula-
tion, may be an option for nonoperable knee OA or for per-
sistent post arthroplasty pain with neuropathic characteristics. 
The popularity of this modality is growing within pain man-
agement community, and despite its safety profile, effective-
ness is yet to be proven on RCT studies.

53.5.6.4  Surgery
For those knee osteoarthritis patients not responding to con-
servative care and whose pain greatly impacts their function, 
total knee replacement can be considered. Please see 
“Surgical Knee” chapter for further detail.

53.6  Foot and Ankle OA

S. Ali Mostoufi and Kyungje Sung

53.6.1  ICD 10 Code

• M19.079: Ankle and foot OA – primary
• M19.179: Ankle and foot OA – traumatic
• M19.279: Ankle and foot OA – secondary
• M20.20: Hallux rigidus
• M20.10: Hallux valgus

53.6.2  Description

53.6.2.1  Ankle OA
Osteoarthritis is caused by joint degeneration (breakdown of 
articular cartilage in synovial joints) that eventually leads to 
pain and dysfunction [76]. Ankle and foot osteoarthritis may 
cause significant pain and impairments and may be more 
common than clinicians realize. Studies indicate that pri-
mary idiopathic osteoarthritis in the ankle is rare and that 
secondary osteoarthritis that follows rotational ankle frac-
tures or recurrent ligamentous instability is much more com-
mon [60]. Obesity, by increasing mechanical stress, may also 
lead to a higher risk in developing lower limb osteoarthritis 
including OA of foot and ankle [76].

The most common cause of ankle osteoarthritis is trauma 
(malleolar, tibial, and talus fractures, ankle ligament lesions); 
the second common cause was secondary osteoarthritis 
(rheumatoid, hemochromatosis, hemophilia, clubfoot, avas-
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cular talus, osteochondrosis dissecans, post infection), and 
lastly primary osteoarthritis [65]. Foot and ankle pain signifi-
cantly increased the odds of developing other painful condi-
tions including knee and spine duo to altered gait, so it is 
important to treat the ankle pain and help prevent chronic 
multifactorial pain [60]. Differential diagnosis of ankle 
osteoarthritis is given in Table 53.3.

53.6.2.2  Foot OA
Osteoarthritis of the midfoot and forefoot (metatarsophalan-
geal and toes) are common in older adults with slight prefer-
ence toward females. OA of the foot joints results in pain, 
difficulty with weight-bearing, locomotor disability, poor 
balance, and risk of fall. Radiographic studies have demon-
strated approximately 17% rate of osteoarthritis of the foot in 
ages 50 and up. Radiographic first MTP joint OA (hallux 
rigidus) most commonly occurred in isolation from the other 
joints in the affected foot, whereas OA in the midfoot joints 
tended to co-occur with OA in other joints in the same foot. 
Symptomatic osteoarthritis affect approximately 10% of the 
people at age 60 and above and apparently 15% of people 
age 45 and above [61].

In symptomatic foot OA, the most commonly affected 
individual joints in descending order are second cuneometa-
tarsal, navicular first cuneiform, first MTP, first cuneometa-
tarsal, and talonavicular joint. The Kellgren-Lawrence 
system is used to grade foot and toe osteoarthritis [62].

Most clinicians consider midfoot osteoarthritis as a sepa-
rate medical entity as compared to first MTP OA due to dif-
ferences in risk factors for development.

Midfoot OA
The most common area of midfoot injury is the Lisfranc 
joint complex. Risk factors for midfoot osteoarthritis 
includes female, lower socioeconomic class, older age, obe-
sity, previous injury, and flat and pronated feet with increased 
plantar stress on the midfoot in particular on second CMT 
which has a high-frequency of OA [63].

First MTP OA
Hallux rigidus is a condition that refers to degenerative 
arthritis of the first metatarsophalangeal (MTP) joint. In this 
condition, the big toe will flex due to the plantar-flexed posi-
tion of the proximal phalanx in relation to the metatarsal 

head, resulting in painful motion of the first MTP joint. Risk 
factors for this condition are flattened/pronated feet, ankle/
subtalar joint eversion, ankle joint dorsiflexion, hindfoot val-
gus deformity more than 5°, excessive foot pronation, con-
comitant knee OA, finger interphalangeal joint OA, and first 
carpometacarpal OA [61, 65].

53.6.3  Clinical Presentation

53.6.3.1  Ankle OA
Ankle OA may present as morning pain or pain with pro-
longed sitting, antalgic gait, pain on weight-bearing, swell-
ing, stiffness, reduced ROM, and sense of instability 
(posttraumatic cases). Pain may be located in distal shin, at 
the anterior crease of the ankle, back of the foot, medial or 
lateral malleoli area, or toward the foot. It may come and go, 
or there may be a chronic low level of pain with intermittent 
flare-ups.

53.6.3.2  Foot OA
Localized pain over the affected joint with weight-bearing, 
swelling, deformity of the joint, stiffness, and redness are all 
part of the presenting symptom of foot osteoarthritis. As part 
of the history, clinician should ask patient regarding pain 
duration, severity and quality, relationship to weight- bearing, 
location (plantar versus dorsal), radiation to a particular 
direction (e.g., toes or shin), alleviating factors, aggravating 
factors, time of the day in which pain is worse, walking abil-
ity in distance and time, ability to negotiate stairs, and previ-
ous treatment, whether they have been effective or not.

53.6.4  Examination

Gait Antalgic gait should be expected in significantly symp-
tomatic foot and ankle pain. Patients would likely use a cane 
or other assistive devices when walking. Examination of the 
patient’s shoe may demonstrate different patterns of wear, 
indicating abnormal contact of the foot with the ground.

Inspection Inspection should be done in barefoot, both in 
the standing position and examining the foot directly. 
Alignment of the ankle, foot, and hindfoot is best noted, 
barefoot, in standing position while the examiner is standing 
behind the patient. The examiner should observe any valgus/
varus hindfoot deformity, hallux valgus, hallux valgus inter-
phalangeus or hallux varus, claw toe, hammertoe, mallet toe 
foot pronation, supination, or pes planus and pes cavus 
abnormality, midfoot abduction, and forefoot pronation 
(Fig. 53.12), varus/valgus deformity of the knees, or scoli-
otic spine. Muscle atrophy is noted as well in the inspection 
phase.

Table 53.3 Differential diagnosis of ankle or foot osteoarthritis

L5/S1 radiculopathy Tibialis anterior tendinitis
Stress fracture Deltoid ligament tendinopathy
Peroneal tendinopathy Anterior ankle impingement
Talus osteochondritis dissecans Inferior tibiofibular joint disorder
Achilles tendinitis Charcot foot
Gout/reactive arthritis Plantar faucitis
Septic joint Bursitis
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Inspecting for skin abnormality, joint deformity, swelling 
and redness, pseudomotor abnormality, abnormalities in the 
nail, pronation and supination of the feet, and pes planus 
and pes cavus are all part of the inspection of the foot and 
ankle [66].

Palpation The examiner should palpate individual joints 
starting from the hindfoot to the forefoot and eventually to 
the toes while initially avoiding the most painful joint and 
further concentrating in isolating that particular painful joint. 
Passive and active range of motion should be noted. In exam-
ination of the first MTP, the examiner will evaluate for range 
of motion of the joint, and fixed versus reducible valgus of 
the big toe should be noted. Studies demonstrate high prob-
ability of osteoarthritis of the first MTP if examiner can 
detect dorsal exostosis, hard-end feel, crepitus less than 64° 
available dorsiflexion range of the first MTP along with 
25  months of symptom history. The presence of three or 
more of these five features has a sensitivity of 88% and spec-
ificity of 71% [67].

Neurologic Lower extremity sensation should be tested to 
differentiate between painful ankle and foot OA from other 
medical conditions including peripheral neuropathy, steno-
sis, and radiculopathy. Motor strength should be tested 
including EHL (L5), ankle dorsiflexion, ankle eversion, 
extensor digitorum longus (digits 2–5), and flexor hallucis 
longus (curling toes). Reflexes should be tested as with any 
other neurological exam.

53.6.4.1  Ankle Exam

• Alignment: The normal ankle alignment is neutral. The 
examiner should evaluate for heel valgus angle.

• Passive and active ROM including supination and prona-
tion of ankle and midfoot should be tested. In supination 
and pronation, ankle/foot moves in three planes. 
Supination is the combination of inversion, plantar flex-
ion, and adduction. Pronation is the combination of ever-
sion, dorsiflexion, and abduction. Deficits should be 
documented (Table 53.4).

• Too many toes. In a normal foot, you should not be able to 
see more than the fifth and fourth toes when the examiner 
looks at both ankles from behind. If there were more toes 
visible (third only or third and second), then it is called 
“too many toes” sign indicating an increased heel valgus 
angle (Fig. 53.12).

• Drawer test: It will test ankle stability and function of col-
lateral ligaments.

• Talar tilt: It also tests the stability of the ankle, in particu-
lar the integrity of anterior talofibular and the calcaneo-
fibular ligaments. The clinician would stabilize the distal 
part of the leg (just proximal to medial malleolus) with 
her nondominant hand while with the dominant hand, 
applies gradual inversion force to the hindfoot. The lateral 
talus should be palpated during maneuver to determine if 
the ankle joint is tilting.

• Silfverskiöld test: This test evaluates gastrocnemius con-
tracture as a reason for posterior ankle pain/rigidity. The 
patient sits facing the examiner. The examiner will grasp 
the calcaneus with one hand, and with her other hand, the 
midfoot is locked into an anatomic position with the 
navicular aligned over the talus and the forefoot manipu-
lated into plantar flexion or pronation.

• Squeeze test: It is designed to evaluate anterior inferior tib-
iofibular ligament sprain/injury in a patient with anterior 
ankle pain that resembles pain with OA. It is performed by 
squeezing then holding followed by quickly releasing the 
tibia and fibula just above the anterior tibiofibular ligament.

Midfoot exam The examiner should fully examine the mid-
foot by stabilizing the calcaneus and talus with one hand and 
move the foot with the other hand medially/abduction as 
well as laterally/abduction to observe any symptom repro-
duction. The motion of the first tarsometatarsal joint should 
be examined as well, in particular with patients who have 
hallux valgus.

Fig. 53.12 Collapse of the medial longitudinal arch and forefoot pro-
nation. Only one or two toes should be visible from behind. If more are 
seen, it is said that the “too many toes” sign is present (black arrows on 
the right). (Image curtesy of S. Behrooz Mostofi, FRCS)

Table 53.4 Movements of the ankle joint [66]

Dorsiflexion 0–20°
Plantar flexion 0–50°
Inversion 0–35°
Eversion 0–15°
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Forefoot exam Metatarsophalangeal and interphalangeal 
joints are examined in forefoot examination. Each joint 
should be examined separately, and any deformity should be 
evaluated whether it is fixed or correctable.

53.6.5  Diagnostic Workup

53.6.5.1  Imaging: Ankle OA

Plain Films
X-rays are the gold standard for diagnosis of osteoarthritis. 
Weight-bearing AP and lateral views of the ankle and Mortise 
views are done for the assessment of osteoarthritis looking 
for joint space narrowing, osteophytes, and subchondral 
bone sclerosis. The Saltzmann view can be acquired for the 
evaluation of hindfoot alignment. The Kellgren–Lawrence 
score has been modified for the ankle joint (Table 53.5) [68]. 
A grade ≥1 is consistent with ankle osteoarthritis. Foot- 
specific atlas is another grading system developed by Menz 
et  al. which assesses the weight-bearing foot in multiple 

views (dorsoplantar and lateral) and grade joint space nar-
rowing and osteophytes [69].

Advanced Imaging
In the ankle OA, advanced imaging including MRI can detect 
joint effusion, synovitis, and bone marrow edema as a pos-
sible cause of pain. It can also detect underlying etiologies 
including ligament and tendon injuries, osteochondral 
lesions, and ankle impingement syndromes or postoperative 
changes. MR arthrography can be used in situations where 
there are no metallic components. CT arthrography is the 
imaging modality of choice in cartilage evaluation in the 
postoperative ankle joint to rule out early osteoarthritis.

53.6.5.2  Imaging: Foot OA

Plain films X-rays are the gold standard for diagnosis of 
foot OA. In the foot, weight-bearing AP, lateral, and inter-
nal rotation oblique radiographic views of the foot are help-
ful in the diagnosis (Fig.  53.13). Lateral weight-bearing 
radiographs may also demonstrate sagging of the medial 
column, either at the naviculocuneiform or at the talona-
vicular joint [70].

Advanced imaging Sophisticated testing including MRIs 
and CT scans may be necessary if soft tissue abnormalities 
are suspected or there are concerns regarding stress fracture, 
tumors, or lytic regions that may coexist along with the 
osteoarthritic changes seen on X-rays.

Table 53.5 Modified Kellgren-Lawrence score of ankle OA

Grade 1 Osteophytes of questionable significance
Grade 2 Osteophytes on the medial malleolus
Grade 3 Osteophytes on the medial and/or lateral malleolus

Moderate joint space narrowing <50%
Grade 4 Osteophytes on medial and lateral malleoli + tibiotalar 

joint margins
Severe (>50%) joint space narrowing, tibiotalar sclerosis

a b

Fig. 53.13 (a) Severe OA of the first MTP joint. (b) The same OA on lateral view in addition to a small calcaneal spurring (thick arrow)
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53.6.5.3  Ultrasound
US is portable, inexpensive, and could be valuable in evalu-
ating foot and ankle pain in clinic or sideline. It could detect 
foot and ankle soft tissue abnormalities including tendons 
and ligaments and neurovascular structure. It could also eval-
uate the joints both in static and in dynamic fashion which 
provide valuable information that X-ray and MRI could not. 
Utilizing high-resolution probe, a great deal of information 
could be obtained particularly in midfoot and forefoot where 
most structures of interest are within 1-cm depth.

53.6.5.4  Diagnostic Injection
It may be difficult to identify the exact osteoarthritic joint 
that is causing patient’s pain. In such cases, intra-articular 
diagnostic injection of anesthetic could provide valuable 
information and lead to more definitive treatment. Contrast- 
enhanced X-ray guidance or ultrasound guidance is neces-
sary to confirm intra-articular placement in the target joint.

53.6.6  Treatment

53.6.6.1  Medial Management
The medical management of foot/ankle osteoarthritis is con-
ceptualized as a means to facilitate participation in physical 
therapy, reduce pain as a symptom of osteoarthritis, and 
increase physical activity. In ankle and foot OA, based on 
clinical guidelines for knee and hip OA, research recom-
mend education, exercise, and weight loss in the first line of 
recommended action. Regular exercise was found not to 
increase the risk for progression in foot and ankle osteoar-
thritis [69]. Low-impact aerobic exercise programs such as 
walking, biking, swimming, and other aquatic exercises may 
be best [77].

Mediations that can be incorporated in treatment plans are 
the following:

• Acetaminophen is widely regarded as a first-line agent.
• Topical NSAIDs (e.g., diclofenac gel) can be used to miti-

gate pain.
• Oral NSAIDs (Cox-I or Cox-II inhibitors) in patients 

without contraindications (GI, renal, anticoagulated).
• Glucosamine-chondroitin sulfate has limited data on 

effectiveness, but not harmful.

53.6.6.2  Rehabilitation

Rehab: Ankle OA
Strengthening, aerobic exercise, and weight loss may all help 
symptomatically manage pain related to ankle osteoarthritis 
[64]. Exercise is most effective when it consists of a combi-
nation of strength training (TheraBand exercises for gastroc-

nemius, soleus, tibialis anterior, and peronei), endurance 
training, active mobilizing exercises (ROM restoration, 
inversion, and eversion), balance and proprioceptive training 
(if there is instability), and functional exercises as they will 
combine several components simultaneously (one-legged 
stance, walk on uneven surfaces, climbing stairs) [72]. Some 
studies suggest hydrotherapy; swimming and water exercises 
are excellent for OA patients and provide pain relief and 
improve mobility [73]. Limited studies are available in the 
utility of electrotherapy, therapeutic ultrasound, laser, or 
electrotherapy in ankle OA.  Education of the patient and 
self-management are both recommended.

Rehab: Midfoot and Forefoot OA
A number of rehabilitation strategies could be considered 
for painful osteoarthritis of the foot and toes. Rehab strate-
gies in general includes therapeutical ultrasound, joint 
mobilization, stretching and strengthening exercises, appli-
cation of cold packs, and electrical stimulation. In patients 
with first MTP OA, studies have shown that addition of 
sesamoid mobilization resulted in greater improvement in 
the first MTP range of motion, strength of toe flexor, and 
pain control [74]. Manipulation may also be performed in 
conjunction with other rehab modalities to maximize 
improvement although the therapeutic benefits of this tech-
nique appear to be limited to milder forms of the metatarso-
phalangeal OA [75].

53.6.6.3  Orthotics

Orthotics: Ankle OA
The objective of orthosis is to constrain the hindfoot motion 
in all planes while not impeding forefoot motion, for each 
ground condition. As a result, while walking on flat and 
uneven surface, the hindfoot remains stable and the patient 
experiences less pain. Custom-made ankle-foot orthosis 
(AFO), rigid hindfoot orthosis (HFO-R), and articulated 
hindfoot orthosis (HFO-A) are used in ankle OA. The AFO 
and HFO-R provide the best sagittal plane hindfoot motion 
restriction over all ground conditions [71].

Orthotics: Midfoot OA
The objective of orthotic is to facilitate the transfer of weight 
during gait, control excessive hindfoot eversion, and support 
the medial arch [61]. Both shoe-stiffening inserts and con-
toured foot orthoses have utility in individuals with midfoot 
OA.  Examples include full-length flat carbon graphite 
inserts, rigid carbon fiber footplate insert, custom semi-rigid 
foot orthoses, and semi-custom root orthoses, and all were 
found to decrease pain [77]. Sneakers with rocker-bottom 
soles may help move pressure away from the midfoot and 
reduce symptoms [83].
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Orthotics: First MTP OA
Contoured foot orthoses are commonly prescribed for people 
with first MTP joint OA; however, it is unknown whether 
these devices are effective in improving the symptoms asso-
ciated with first MTP joint OA [81].

53.6.6.4  Procedures
Ankle and midfoot and forefoot intra-articular injections are 
done both for diagnostic and therapeutic purposes. Intra- 
articular placement of the needle should be done with X-ray 
visualization or with the use of ultrasound to be accurate and 
avoid complications (Fig. 53.14).

Recent cadaver studies have found that anesthetic drug 
leaks into adjacent joints in up to 20% of cases, thereby 
decreasing the selectivity of this diagnostic tool [82].

Similar to many other osteoarthritic conditions, for thera-
peutic purposes, the ankle and foot joints have been injected 
with a number of products including corticosteroid, hyaluro-
nate, PRP, adipose or bone marrow mesenchymal cells, and 
prolotherapy. The goal of injectables are pain relief and 
improvement of function and increased tolerance to walking 
as well as increased participation in rehabilitation efforts. In 
general, the relative efficacy of all injectable therapies is far 
from definitive and warrants further high-quality compara-
tive trials.

53.6.6.5  Steroid Injection
No placebo-controlled trials of intra-articular corticosteroid 
have been conducted for foot OA. Small studies regarding 
the effect of CSI on the midfoot shows ultrasound-guided 
corticosteroid injection resulted in pain relief in 78% of 
patients for 2 weeks, and only 15% of patient had sustained 
pain relief in 3 months [61].

53.6.6.6  Hyaluronan

• Ankle: A number of studies have been done including ran-
domized control trial to compare steroid to platelet-rich 
plasma and mesenchymal stem cells for treatment of 
ankle pain. In such studies, corticosteroid injection had 
good but short-lived benefit or pain relief [78]. Evidence 
from small trials favors HA and PRP injections for the 
treatment of pain associated with ankle osteoarthritis. 
Injection of hyaluronic acid into the ankle joint improved 
ankle osteoarthritis scale for about 6 months as compared 
to saline injection (n = 109) [78].

• MTP: Small, randomized trial of patients with hallux rigi-
dus reported that hyaluronan injection was more effective 
at reducing gait-related pain than corticosteroid injection 
[79]. Only randomized controlled trial so far undertaken 
found intra-articular injection of Hylan G-F 20 is no more 
effective than a placebo (saline) in reducing symptoms of 
first MTP OA (N = 151) [80].

53.6.6.7  Surgery
Surgical intervention may be indicated in patients with 
symptoms that have failed to respond to all nonsurgical ther-
apy. More details regarding foot and ankle surgery is dis-
cussed elsewhere in the book.

Surgery: Medial Midfoot
Arthrodesis of the medial and middle columns is the main-
stay of surgical treatment in persons with arthritis of the 
TMT and naviculocuneiform joint. Achievement of stability 
in the medial and middle columns requires that the first, sec-
ond, and, potentially, third TMT joints be included in the 
arthrodesis along with the corresponding intercuneiform 
joints. A variety of plate and compression screws are used to 
achieve fusion [83].

Surgery: Lateral Midfoot
Data on surgical care for lateral midfoot is mixed. Few pub-
lished studies suggest that arthrodesis of the more mobile 
lateral column should be performed, and several others sug-
gest that bony fusion of these rays may lead to other compli-
cations including chronic lateral foot pain and an increased 
rate of nonunion or predisposition to fifth metatarsal frac-

Fig. 53.14 X-ray-guided needle placement in the first metatarsopha-
langeal joint prior to injection or PRP. Contrast highlights correct nee-
dle placement
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ture. A study by Raikin and Schon determined that arthrod-
esis of the fourth and fifth metatarsal joints can produce good 
outcomes in patients with lateral midfoot collapse, rocker- 
bottom deformity, and severe arthritic degeneration [84].

Surgery: First MTP OA
Both arthrodesis and hemiarthroplasty are performed for 
advanced osteoarthritis of the first metatarsophalangeal joint 
that is not responsive to nonoperative care. Controversy 
remains whether hemiarthroplasty or arthrodesis results in 
better postoperative outcomes. In a comparative study, the 
two groups had similar symptom intensity and degree of dis-
ability at greater than or equal to 1-year mark, although the 
patients were subjectively more pleased with the results after 
hemiarthroplasty [85].
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Osteoporosis
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54.1  ICD-10

• Osteoporotic vertebral fracture M80.08xx
• Pathological vertebral fracture M84.48xx
• Pars fracture/spondylolysis M43.00
• Hip fracture M80.059
• Wrist fracture S62.109

54.2  Description

Osteoporosis is a diffuse demineralization of the bone. It is 
caused by an imbalance between bone production and 
resorption. Bone turnover increases later in life with decreas-
ing sex hormones and can affect both sexes. Estrogen defi-
ciency during menopause is a major risk factor for 
osteoporotic incidence. Although rare, children can be 
affected due to genetic or chronic diseases. Risk factors for 
osteoporosis are outlined in Table 54.1.

Insufficiency fracture is a result of bone demineralization, 
particularly in weight-bearing bones or spine.

Pathologic fractures are caused by the metastatic spread 
of cancer to the bone.

The femur, spine, and distal radius are common areas to 
fracture, and most of these occur from a fall. The femur has the 
highest incidence and also the highest predictability of frac-
tures [2]. Fracture incidence is more common in females yet 
mortality is higher in males [3]. The thoracolumbar spine area 
at T10-L2 is the most common region of the spine affected by 
trauma due to the specific biomechanics of this segment.

Bone density testing combined with clinical risk scores, 
including Fracture Risk Assessment Tool (FRAX), can be 
used to predict which individuals are at high risk of fracture. 
The FRAX® algorithms give the 10-year probability of frac-
ture. It incorporates several risk factors (which we described 
in Table 54.1) in calculating fracture risk.

54.3  Diagnostic Workup

54.3.1  Bone Density Testing

Dual-energy X-ray absorptiometry (DEXA) scans to mea-
sure bone mineral density (BMD) at the spine and hip have 
an important role in the evaluation of individuals at risk of 
osteoporosis. It is considered the gold standard for osteopo-
rosis screening and recommended by the United States 
Preventive Services Task Force for women ages 65 and 
older [7]. Guidelines recommend earlier screening (age 50) 
in those with history of fracture and other clinical risk fac-
tors [8].

The result of this test allows clinicians to advise patients 
about the appropriate use of anti-fracture treatment. The z 
scores in the results enable BMD measurements to be com-
pared between men and women of different ages and ethnic 
groups. The T scores compare the BMD measurements with 
those at an age when bone density is at its peak. The World 
Health Organization definition of osteoporosis and osteope-
nia used to interpret spine, hip, and forearm dual-energy 
X-ray absorptiometry scan results in postmenopausal White 
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Table 54.1 Common risk factors for osteoporosis

Common risk factors for osteoporosis [1]
Estrogen deficiency Chronic steroid use
Thyroid disorders Malabsorption disorders
Anorexia Cushing’s syndrome
Chronic renal failure Chronic antiepileptics use
Family history of fractures Smoking
Alcohol intake Females/White race
Age 50 or above Early or on-time menopause
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women (Table 54.2). Of regions susceptible to low scores, a 
low hip score has the highest predictivity for fractures [2].

54.3.2  X-Rays

X-rays are not used for the diagnosis of osteoporosis, but 
experienced radiologists can detect lower than normal bone 
density when visualizing X-rays. X-rays are used to detect 
fractures related to osteoporosis which commonly happens 
in the hip and the spine.

54.3.3  MRI

• Diagnostic MR: The postmenopausal women with osteo-
porosis exhibited a corresponding increase in vertebral 
marrow fat content as the bone density decreased. Bone 
marrow signal takes on a heterogeneous appearance with 
rounded focal fatty lesions replacing normal marrow with 
coalescence often occurring (T1: heterogeneously hyper-
intense, T2: variable signal). MR spectroscopy and 
diffusion- weighted magnetic resonance (indirect MRI 
methods) can assess vertebral marrow changes in post-
menopausal women [12].

• MR and Fracture: It has high sensitivity and specificity 
(sensitivity 100% and specificity 85%) and is extremely 
useful for fracture diagnosis. MRI is superior and the pre-
ferred modality of choice in the diagnosis of stress frac-
tures [9]. MR T1, T2, and STIR sequence imaging are 
utilized to visualize fracture lines from different 
exposures.

54.3.4  CT Scan

• Diagnostic CT: Quantitative CT can measure bone miner-
alization and BMD, which is usually done in the lumbar 
spine. In this modality, the tissue density of the analyzed 
volume is calibrated to units of equivalent concentration 
of a hydroxyapatite phantom in g/cm3 yielding the BMD 
values.

• CT and Fractures: CT has sensitivity and specificity of 
99% and 69% respectively. It is particularly useful for 
longitudinal fractures and stress fractures of the spine, of 
which a pars fracture is the most familiar. It is better than 
X-rays but not superior to MRI.

54.4  Presenting Symptoms

• Asymptomatic Osteoporosis
Examination of a symptom-free/fracture-free individ-

ual with osteoporosis should be normal. Osteoporosis is 
only symptomatic when associated with fracture.

• Symptomatic Osteoporosis
Patients with osteoporotic fractures would be in pain 

and will have mobility impairment. The setting of exam-
ination is often an emergency room in which an acute 
fracture has occurred either at the hip, wrist, spine, or 
any other long bone. Most hip and forearm fractures 
occur after a fall [4, 5], but the fractures of the spine/
sacrum may be associated with less dramatic injury 
(sneeze, cough, misstep, etc.). In painful vertebral frac-
tures, transition activities from lying to sitting or sitting 
to standing are often painful.

54.5  Physical Examination

Vertebral Fracture A classic presentation includes a female 
over the age of 50, thin-framed, and frail with a forward rid-
ing head and body tilt. A step-off may be present at the 
involved level of the compression fracture in the spine. 
Tenderness to palpation is present at the affected spinal level 
occurring at the thoracic or thoracolumbar junction, a com-
mon area of compression fractures around the spine. The 
range of motion could be compromised but can be insidious. 
In the spine, increased kyphotic angulation of the thoracic 
spine with step-off may be noted on visual inspection. In 
cases of prior compression fractures, advancing in anterior 
wedging presents as an exaggerated thoracic kyphosis and 
forward lean. Such postures, as expected, increase the risk of 
future falls, wedging, and new fractures.

Long Bone Fracture In hip/wrist/long bone fractures, 
deformed may be noted which would correspond to X-ray 
finding of the fracture. In hip fracture, shortened and exter-
nally rotated hip is often observed, and minor motion trig-
gers pain. Antalgic gait may be present from stress injuries of 
the foot and ankle as would hip fractures [6]. Ecchymosis 
and soft tissue hematoma/swelling are often present with 
long bone fractures.

Table 54.2 The World Health Organization definitions of osteoporosis 
and osteopenia

The World Health Organization definitions of osteoporosis
Normal T-score ⩾ −1.0
Osteopenia −2.5 < T-score < −1.0
Osteoporosis T-score < −2.5
Established 
osteoporosis

T-score ⩾ −2.5 in the presence of one or 
more fracture

T. K. George and J. M. Hagedorn
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54.6  Treatments

54.6.1  Medical Management

• Calcium and vitamin D supplements are recommended 
for maintaining bone mineral density. Vitamin D recom-
mendations for postmenopausal women are 800–1000 IU 
daily and 1200 mg for calcium [10]. Although important 
for BMD, their utility in preventing fractures is controver-
sial. For those already at high risk, bisphosphonate ther-
apy is initiated through oral or IV forms. Benefit is noted 
with discontinuation even after 5 years of bisphosphonate 
maintenance.

• Bracing: Indicated for stable fractures with no neurologic 
deficits. In most stable spine fractures, the purpose of the 
orthotic management effort is to relieve pain and discom-
fort and at the same time allow healing. Depending on the 
location of the fracture, brace is indicated to immobilize 
the segment, assist with pain relief, and improve function. 
For the lower thoracic spine through L1, thoraco-lumbo- 
sacral total-contact orthoses (TLSO) are utilized. For 
L2–5 compression fracture, lumbosacral orthosis may be 
adequate. Ideal brace should be light-weighted, easy 
wearing, and comfortable with compatible cushions. A 
graduated brace removal protocol is encouraged as frac-
ture healing transitions from acute, to subacute, to chronic.

• Young patients with acute spondylolysis generally receive 
conservative management as their initial treatment. It 
consists of bracing, activity restriction, physical therapy, 
and pain control. Brace recommendation (TLSO) consists 
of 23 h a day usage for up to 6 months, with a subsequent 
six-month weaning period and physical therapy. 
Compliance is an issue with young brace wearers.

• Pain Management: Nociceptive pain often requires a short 
course of opioid management for optimal analgesia and 
basic mobility. In some cases, Tylenol and ice combined 
with bracing may be adequate. Nociceptive pain should 
resolve as the bone goes through its natural course of 
healing.

54.6.2  Rehabilitation

There is a diverse approach to rehabilitation after vertebral 
fracture. Most clinicians take the most conservative route, 
encouraging daily walks with thoracolumbar support, and 
introduction of pool therapy approximately 4 weeks after the 
incident of fracture. Most fractures solidify within 12 weeks 
after which a gentle progressive exercise program may add 
value in terms of mobility, paraspinal muscle strength, pos-
tural correction, and pain relief. Balance training should be 
introduced in patients with poor balance to prevent future 

fracture. In the studies available, there is uncertainty regard-
ing the benefit of exercise to improve pain, self-reported 
physical function, and disease-specific quality-of-life met-
rics. Most studies demonstrated no clinically significant dif-
ferences for these outcomes although pooled analysis showed 
a minor difference in favor of exercise [13]. After the 
expected course of healing for the vertebral fracture, regular 
exercises are encouraged including low-impact strengthen-
ing, weight-bearing exercises to maintain bone density, and 
patient education to avoid aggressive forward flexion, heavy 
lifting, axial load such as jumping, and overhead weight lift-
ing and push-up/curl-ups [11].

54.6.3  Interventional Procedures

54.6.3.1  Vertebral Augmentation
Vertebral augmentation is a procedure in which fractured 
osteoporotic vertebrae are percutaneously injected with 
polymethylmethacrylate cement. The procedure is per-
formed with or without the creation of a cavity using an 
expandable balloon. The procedure can also be performed 
after partial height restoration through percutaneously placed 
implantable devices, followed by injection of cement.

Indication and Contraindications
• Indications for vertebral augmentation include acute 

(<6  weeks) painful vertebral compression fractures 
(VCFs) resulting from osteoporotic, traumatic, and neo-
plastic etiologies. The most common cause of vertebral 
compression fractures is osteoporosis [26]. Options for 
bone augmentation are vertebroplasty, balloon kypho-
plasty, and newer intraosseous implantable devices.

• Relative contraindications include VCF involving the 
posterior vertebral body cortex (posterior cortical breach) 
and patients experiencing only mild-to-moderate pain 
controlled with conservative measures.

• Absolute contraindications include lack of patient con-
sent, unstable fractures, active infections both near and 
distant from the VCF, coagulation disorders, and com-
plete vertebral collapse [27].

Literature Support
• Numerous studies have evaluated the effectiveness of ver-

tebroplasty, balloon kyphoplasty, and intraosseous 
implantable devices. Early studies were nonrandomized 
and led to debate regarding the efficacy of vertebral aug-
mentation procedures. In 2009, two studies were  published 
questioning the benefits of vertebroplasty and kypho-
plasty [14, 15]. However, more recently, substantial evi-
dence has been published showing the beneficial clinical 
results of these treatments for patients with VCF, includ-
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ing improved pain relief, functional outcomes, and qual-
ity of life [16–21]. Table 54.3 provides a comparison of 
vertebral augmentation technique outcomes for height 
restoration, cement leakage, VAS, and ODI.

54.7  Types of Vertebral Augmentation

 A. Vertebroplasty
Procedures are performed in an outpatient setting, 

with light conscious sedation, prophylactic antibiotics, 
and under local anesthesia. Procedures are performed in 
sterile fashion. There are two techniques for performing 
vertebroplasty, transpedicular and parapedicular 
approaches. The transpedicular approach is more com-
mon [22], but the parapedicular approach may be neces-
sary when treating thoracic VCFs or when anatomically 
smaller pedicles are identified on preoperative imaging 
[23] (Fig. 54.1).
• Transpedicular Vertebroplasty

The skin and vertebral periosteum are anesthe-
tized, and a small vertical incision is made. For the 
transpedicular approach, the needle is inserted through 
the incision and placed at the 2 or 3 o’clock position 
on the right pedicle or the 9 or 10 o’clock position on 
the left pedicle. Using an orthopedic hammer, the 
needle is carefully tapped from the posterior surface 
of the pedicle, through the entire length of the pedicle, 
and into the vertebral body. The end position of the 
needle tip should be near the midline (coronal plane) 
and in the anterior one-third of the vertebral body (lat-
eral views). The needle stylet is removed, and the 
injection system is attached. The medical cement is 
prepared and then injected through the needle into the 
vertebral body utilizing a slow injection method and 
fluoroscopy to ensure safety. Following placement of 
the cement, the needle is removed. The incision may 
be closed with a simple suture or steri-strips.

• Parapedicular Vertebroplasty:
For the parapedicular approach, the needle entry 

position is lateral to the transpedicular positions, just 
outside of the pedicle. The needle will either enter the 
distal aspect of the pedicle or directly penetrate the 
vertebral body near the junction of the pedicle and 
vertebral body. The needle is advanced using an 

orthopedic hammer. Similar to the transpedicular 
approach, the end location of the needle tip should be 
the anterior one-third of the vertebral body, near the 
midline. The remainder of the procedure is identical 
to the description provided above.

• Potential Complications of Vertebroplasty
Complications can be categorized into mild, moder-

ate, and severe. Mild complications include temporary 
pain following the procedure and cement leakage into 
the adjoining disc space and paravertebral soft tissues. 
Moderate complications include post- procedural infec-
tion and cement leakage into the epidural space. Severe 
complications include cement leakage into the paraver-
tebral vascular system, leading to pulmonary embo-
lism, cerebral embolism, or cardiac perforation [25].

 B. Balloon Kyphoplasty and Radiofrequency Kyphoplasty
• Balloon Kyphoplasty

Procedures are performed in an outpatient setting, 
with light conscious sedation, prophylactic antibiot-
ics, and under local anesthesia. Procedures are per-
formed in sterile fashion with fluoroscopy/biplanar 
guidance. The patient is positioned prone on a radio-
lucent procedural table. The skin and vertebral perios-
teum are anesthetized with local anesthetic. A small 
vertical incision is made. The needle is inserted 
through the incision and placed at the 2 or 3 o’clock 
position on the right pedicle or the 9 or 10 o’clock 
position on the left pedicle. Using an orthopedic ham-
mer, the needle is carefully tapped from the posterior 
surface of the pedicle, through the entire length of the 
pedicle, and into the vertebral body. The end position 
of the needle tip should be near the midline (coronal 
plane) and in the anterior one-third of the vertebral 
body (lateral views). The needle stylet is then 
removed, and a special balloon (bone tamp) is inserted 
and advanced into the vertebral body. The balloon is 
then inflated and compacts the bone to create a cavity 
and restore the height of the vertebral body. The 
 balloon is deflated and removed. Following this, med-
ical cement (polymethylmethacrylate) is prepared and 
injected through the needle into the previously pre-
pared cavity within the vertebral body, utilizing a slow 
injection method and fluoroscopy to ensure safety and 
observation for cement leakage that may be visualized 
into the epidural veins, paravertebral soft tissues, 

Table 54.3 The outcome comparison of different vertebral augmentation techniques

Vertebroplasty Kyphoplasty OsseoFix® SpineJack® Kiva
Vertebral height change No Yes Yes Yes Yes
Cement leakage 20–70% 4–13.7% 4% 5% 0.03%
VAS decrease 50% 45% 44% 55% 47%
ODI improvement 54% 55% 43% 30.9% 30.9%

Modified and simplified table from Long et al. [16]
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disks, the intervertebral foramen, and spinal canal, in 
fractures with clefts. Following placement of the 
cement, the needle is removed. The incision may be 
closed with a simple suture or steri-strips (Fig. 54.2).

• Radiofrequency Kyphoplasty
Radiofrequency kyphoplasty differs from balloon 

kyphoplasty in this regard – before cement injection, 

a steerable osteotome is placed into the vertebral body 
and creates channels in the cancellous bone. Then, the 
cement is heated using a radiofrequency source as it 
enters the delivery cannula, causing an abrupt increase 
in the cement viscosity to decrease cement leakage 
rates. The rest of the procedure is similar to balloon 
kyphoplasty.

Fig. 54.1 The vertebroplasty procedure. Bilateral transpedicular needle placement confirmed on AP and lateral views, followed by injection of 
cement while monitoring for any cement leakage [24]. (Image from authors library)
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Fig. 54.2 Balloon kyphoplasty procedure. Bilateral, transpedicular needle/injection cannula placement is followed by balloon inflation. Once the 
final position of the balloon is confirmed, cement is injected, monitoring both AP and lateral views for any cement leakage

T. K. George and J. M. Hagedorn
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Comparison of Outcomes Between Balloon and 
Radiofrequency Kyphoplasty
A 2017 meta-analysis by Feng et al. reported the outcomes 
between balloon kyphoplasty and radiofrequency kypho-
plasty [26]. They found the reduction of VAS score was 3.96 
points greater in the radiofrequency kyphoplasty group com-
pared to the balloon kyphoplasty group (P = 0.007). The pro-
cedural time was shorter in the radiofrequency kyphoplasty 
group compared to the balloon kyphoplasty group (P  = 0.01). 
The radiofrequency kyphoplasty group had an additional 
0.53 mm of anterior vertebral height restoration immediately 
after the procedure compared to the balloon kyphoplasty 
group (P   =   0.01). There was a greater decrease of the 
kyphotic angle after radiofrequency kyphoplasty compared 
to balloon kyphoplasty, both immediately and 6 months after 
the procedure (P   =   0.002 and P   <   0.00001, respectively). 
There was no significant difference in the incidence of 
cement leakage between the two procedures (P  =  0.06).

Potential Complications of Balloon and Radiofrequency 
Kyphoplasty
Similar to vertebroplasty, complications range from mild to 
severe and include temporary pain following the procedure, 

cement leakage into the adjoining disc space, paravertebral 
soft tissues, epidural space, and paravertebral vasculature, 
and post-procedural infection [27]. However, balloon kypho-
plasty has been reported to have a higher rate of adjacent 
level fractures compared to vertebroplasty (0–7.8% versus 
25–26%) [16]. It is theorized that height restoration and 
increased volumes of cement place additional stress on adja-
cent levels compared to vertebroplasty and radiofrequency 
kyphoplasty [28]. While radiofrequency kyphoplasty was 
introduced to reduce the risk of cement leakage, this has not 
been proven statistically significant in the published litera-
ture [26].

 C. Implantable Devices for Vertebral Fracture
There are implantable devices for VCF treatment. 

They are generally utilized to restore anatomy, increase 
fixation strength, minimize cement requirements, and 
decrease cement leakage and protect patients from adja-
cent level fractures. These devices include OsseoFix 
Spinal System (Alphatec Holdings Inc., Carlsbad, CA), 
KIVA System (IZI Medical Products, Owings Mills, 
MD – Fig. 54.3), and SpineJack System (Stryker Corp., 
Kalamazoo, MI– Fig.  54.4), among others. In general, 

20 mm

Up to
15 mm

Fig. 54.3 The KIVA implant design and delivery hardware [29]. (Adapted from open source)
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these devices are placed in a transpedicular manner. 
Following deployment, the device and surrounding areas 
are filled with cement.

54.8  Post-augmentation Care 
and Rehabilitation

The recovery time period and progression will depend on a 
multitude of factors, including overall health, the number of 
treated vertebrae, and any complications during the proce-
dure. In general, healthy people, fewer treated levels, and 
avoidance of complications allow a quicker recovery.

Post-augmentation Weeks 0–2
In the immediate postsurgical time period, the primary goal 
is to recover from the procedure and allow proper wound 
healing. Also, during this time, VCF inflammation and pain 
will generally improve. The patient should avoid stressing 
the spine by avoidance of bending, twisting, and lifting 
greater than 5 pounds. The patient should be encouraged to 
ambulate daily to increase exercise tolerance.

Post-augmentation Weeks 2–4
In Weeks 2–4, the introduction of lumbar strengthening and 
stability exercises should be performed, with a focus on lum-
bar extension exercises and postural retraining. The patient 

should increase ambulation distance and continue to avoid 
bending, twisting, and lifting greater than 5 pounds. Any 
bracing should be weaned and eventually discontinued.

Post-augmentation Weeks 4–8
It is considered recovery time period. The patient should 
resume full activities in a slow, controlled manner. The 
patient can begin lifting above 5 pounds but should limit car-
rying capacity if discomfort is felt. Return to work and full 
activities of daily living are expected. The patient should 
continue to perform home exercises focusing on lumbar and 
core strengthening. High-impact activities and anterior col-
umn loading should be avoided.
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55.1  Fibromyalgia

55.1.1  Synonyms

Fibromyalgia Syndrome

55.1.2  ICD-10 Codes

M79.7

55.1.3  Description

Fibromyalgia is a common disorder with a prevalence of 
2–8% and female-to-male ratio of 2:1 [1]. It is thought to be 
a disorder of increased pain perception to a normal stimulus 
in the central nervous system (CNS) through a process 
known as “pain centralization” [2]. Risk factors and triggers 
include a family history of fibromyalgia, environmental fac-
tors (viral illness, trauma, psychological stress), and the 
presence of other concomitant rheumatic disorders contrib-
uting to musculoskeletal pain (osteoarthritis, rheumatoid 
arthritis). Most patients with fibromyalgia also exhibit symp-
toms of fatigue, mood disorders, sleep disturbance, and 
memory impairment [3].

55.1.4  Clinical Presentation

The 2016 revisions to the 2010/2011 American College of 
Rheumatology criteria for diagnosis of fibromyalgia com-
bine a physician suspicion and patient-reported pain assess-
ment (patient fills out the widespread pain index and 
symptom severity scale questionnaire) [4]. The hallmark of 
fibromyalgia is generalized pain in variable locations, with 
varying intensity of neuropathic quality (burning, numbness, 
tingling) at times. In addition, patients can have somatic 
symptoms like fatigue, sleep disturbances, brain fog (“fibro 
fog”), headache, depression, anxiety, irritable bowel syn-
drome, pelvic pain, and interstitial cystitis/painful bladder 
syndrome for more than 3 months.

55.1.5  Physical Examination

Physical exam can reveal increased pain on inflation of blood 
pressure cuff (sphygmomanometer-evoked allodynia) and 
increased tenderness on deep pressure over the joint as well 
as non-joint areas (tenderness only over the joints should 
raise suspicion for systemic autoimmune disease).

55.1.6  Diagnostic Workup

Fibromyalgia is a clinical diagnosis and lacks specific lab 
biomarkers. Initial workup including complete blood count, 
erythrocyte sedimentation rate, and C-reactive protein may 
be normal and helps eliminate an underlying inflammatory 
disorder. Other diagnostic workup includes checking thyroid- 
stimulating hormone (TSH), creatinine kinase (CK), and 
vitamin D. Antinuclear antibody and rheumatoid factor are 
not routinely recommended unless a concomitant inflamma-
tory arthritis is suspected [5].
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55.1.7  Treatments

A diagnosis of fibromyalgia is often reassuring for the patient 
and helps them focus on treatment [6]. Management is usu-
ally multidisciplinary and centered around patient education 
and utilization of pharmacological and non-pharmacological 
treatment to optimize symptom control.

 (a) Medical Management: The drugs are chosen based on 
patient’s comorbidities and tolerance, and treating the 
underlying disease helps improve fibromyalgia 
 symptoms. The general principle is to normalize the 
neurotransmitter activity responsible for the pain 
(decreasing activating neurotransmitters and increasing 
inhibitory neurotransmitters) [1]. The medications com-
monly used are tricyclic antidepressants (amitriptyline), 
serotonin- norepinephrine reuptake inhibitors (dulox-
etine, milnacipran, esreboxetine), gabapentin-like (gab-
apentin, pregabalin), gamma-hydroxybutyrate, low-dose 
selective serotonin reuptake inhibitors (fluoxetine, par-
oxetine, sertraline), low-dose naltrexone, and cannabi-
noids (nabilone). Opioids and nonsteroidal 
anti-inflammatory agents are not helpful for fibromyal-
gia pain and should not be prescribed [7].

 (b) Rehabilitation: Proper exercise helps build strength, 
improve flexibility, and ultimately help with improving 
sleep. Education must be provided to avoid activities 
that worsen the pain. A good exercise routine may reduce 
the need for pain medication.

Recommended exercises
Aerobic: Low-impact exercises such as walking, bik-

ing, and elliptical machine
Strength training: Body weight exercise, dumbbell, 

weight machines, pool-based exercises
Flexibility: Static stretching, yoga, pilates (emphasiz-

ing pain-free range of motion)
 (c) Procedures: No procedural treatment indicated
 (d) Surgery: No surgical treatment indicated

55.2  Inflammatory Arthritis

55.2.1  Synonyms

Inflammatory Polyarthropathy, Inflammatory polyarthritis, 
Inflammatory arthritis of multiple joints

55.2.2  ICD-10 Codes

M05–M14

55.2.3  Description

Inflammatory arthritis is a broad term for patients with his-
tory and examination findings of joint pain and inflammation 
such as swelling, redness, warmth, and decreased function 
and mobility. These features are due to inflammation of the 
synovial membrane lining the joint cavity leading to fluid 
accumulation and hyperemia in the joints. Inflammatory 
arthritis can involve one (monoarthritis), few (oligoarthritis), 
or many (polyarthritis) joints.

In a patient with joint pain, the first step is to establish 
pathology within the joint (true articular) versus surrounding 
structures (periarticular) such as the bone, tendon, bursa, 
muscle, or remote structures (referred pain). Pain with active 
and passive movement usually indicates a true articular ori-
gin. Pain and point tenderness with active movement, but no 
pain with passive movement usually points to the nonarticu-
lar or periarticular origin of pain [8, 9].

Once articular or nonarticular diagnosis is established, it 
is important to distinguish inflammatory or noninflammatory 
joint pain next as this can focus the differentials and guide 
treatment decisions [10, 11]. The distinguishing features are 
displayed in Table 55.1.

Table 55.1 Distinguishing features between inflammatory and nonin-
flammatory joint pain

Aspects to 
consider Inflammatory pain Noninflammatory pain
History Systemic symptoms like 

fever, malaise, rash, eye 
involvement (uveitis), 
bowel disturbance 
(inflammatory bowel 
disease)

Not associated with 
systemic symptoms

Physical 
exam

Joint appear swollen, 
red, warm, and tender to 
touch with decreased 
mobility

Usually no swelling or 
tenderness but may show 
bony prominences and 
may have decreased 
mobility

Morning 
stiffness

Usually more than 1 h Usually less than 1 h

Activity Pain usually present at 
rest during acute 
flare-ups

Worse with weight- 
bearing and use

Pattern of 
joint 
involvement

Usually symmetric but 
can be asymmetrical

Asymmetric and usually 
involves weight-bearing 
joints

Lab work ESR and CRP are 
usually elevated

ESR and CRP usually 
normal

Synovial 
fluid analysis

Greater than 2000 WBC/
μL with the 
predominance of 
neutrophils in the acute 
phase and monocytes in 
the chronic phase

Usually less than 
2000 WBC/μL with a 
predominance of 
monocytes

ESR erythrocyte sedimentation rate, CRP C-reactive protein, WBC 
white blood cell
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Among inflammatory arthritides, those most commonly 
seen in clinical practice are rheumatoid arthritis (RA), spon-
dyloarthritis, crystal arthropathies, and connective tissue 
disease-associated arthritis.

55.3  Rheumatoid Arthritis

55.3.1  Synonyms

Atrophic arthritis, Rheumatism, Rheumatic disease

55.3.2  ICD 10 Code

M06.9, M05.69

55.3.3  Description

Rheumatoid arthritis is a chronic systemic inflammatory dis-
ease affecting the joints as well as extra-articular structures 
such as eyes, lungs, skin, and nerves. RA has a worldwide 
prevalence of 5 per 1000 adults with a predominance among 
women [12]. The risk factors for developing RA include 
genetic predisposition (60%), smoking, infectious agents 
(microorganisms causing periodontal disease), and estrogen 
(RA is more prevalent in women than men) [13–15]. The 
pathogenesis of RA is due to synovial membrane inflamma-
tion which later on involves the underlying cartilage and 
bone leading to erosions [16].

55.3.4  Clinical Presentation

RA involves small and large joints predominantly of the 
peripheral skeletal system and may have extra-articular 
manifestations involving multiple organs (skin, eye, lung, 
heart, gastrointestinal system, nerves, and bone marrow). 
The most common presentation is gradual onset symmetric 
inflammatory polyarthritis of small joints of hands and feet. 
Occasionally RA can involve larger joints and mimic poly-
myalgia rheumatica especially in older adults. Some 
patients may have intermittent episodic arthritis (called pal-
indromic rheumatism) before evolving into classical 
RA. The swelling is “soft” (due to synovitis) on palpation 
(in OA it is “hard”/bony) and fusiform (around the joint 
involved). No diagnostic criteria exist for RA [17]. Classic 
features suggestive of RA are joint pain and swelling over 
the metacarpophalangeal and/or metatarsophalangeal 
joints, with morning stiffness for greater than 30 min and 
positive autoantibodies.

Tables 55.2a and 55.2b depicts the specific clinical fea-
tures to look for while examining for suspected rheumatoid 
arthritis.

Table 55.2a Articular manifestations of RA

Site of 
involvement Specific feature
Cervical 
spine

Early disease shows neck stiffness with loss of range 
of motion (ROM). Severe erosive disease leads to 
C1–C2 instability and cervical myelopathy

Shoulders Loss of range of motion in early and severe disease
Elbow Flexion deformities in early RA, ulnar nerve 

compression
Hand Wrists, mainly the metacarpophalangeal joint and 

proximal interphalangeal joint (PIP) with sparing of 
distal interphalangeal joint (DIP). Severe erosive 
diseases at these joints lead to swan-neck deformities 
and boutonniere deformity. Nerve entrapments lead to 
carpal tunnel syndrome (median nerve compressed) 
and Guyon’s canal syndrome (ulnar nerve 
compressed)
Tendon involvement leads to tenosynovitis, 
rheumatoid nodule formation, and tendon ruptures

Hip Early RA is asymptomatic with gradual severity 
leading to groin pain on use of joint and restricted 
ROM

Knee Popliteal (baker’s) cyst formation
Foot and 
ankle

Involves the metatarsophalangeal joints (cock-up 
arthritis), talonavicular joint (leading to a pronated 
and everted foot) leading to gait dysfunction and 
significant pain. There is preservation of flexion and 
extension of the ankle in early RA. Nerve entrapment 
leads to tarsal tunnel syndrome (posterior tibial nerve 
involved)

Table 55.2b Extra-articular manifestations of RA

Organ Specific feature
Skin Rheumatoid nodules typically in active disease in 

bursae and along tendon sheaths; leukocytoclastic 
vasculitis with palpable purpura on exam

Eye Keratoconjunctivitis sicca (dry eyes), episcleritis, 
scleritis

Lung Cricoarytenoid joint involvement leading to laryngeal 
pain, interstitial lung disease with pleuritis unclear if 
due to RA versus treatment for RA

Heart Pericardial effusion, valvular dysfunction, 
myocardiopathy, aortitis

GI Xerostomia if associated with Sjogren’s syndrome, 
ischemic bowel complications with rheumatoid 
vasculitis

Renal Treatment of RA related to proteinuria (gold, 
penicillamine), interstitial renal disease (NSAID), 
papillary necrosis (chronic analgesic exposure)

CNS/PNS Cervical spine instability, peripheral neuropathy due 
to nerve compression, vasculitis leading to 
mononeuritis multiplex

Hematologic Hypochromic-microcytic anemia, Felty’s syndrome 
(RA+ splenomegaly+ leukopenia+ leg ulcers), 
thrombocytopenia

NSAID nonsteroidal anti-inflammatory agent, RA rheumatoid arthritis
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55.3.5  Diagnostic Workup

Rheumatoid arthritis is a clinical diagnosis with supportive 
lab work to confirm the suspicion.

Lab work Complete blood count to assess for anemia, leu-
kopenia, or thrombocytopenia. Basic metabolic panel to 
assess for renal function due to medication induced renal 
dysfunction. Nonspecific inflammatory markers such as 
erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP) can be used to trend response to treatment. Specific 
markers which aid in making a diagnosis are rheumatoid fac-
tor (RF) and anti-cyclic citrullinated peptide antibodies 
(anti-CCP) (which have greater than 90% specificity and are 
markers for erosive disease) [18].

55.3.5.1  Imaging
X-rays: Plain radiographs of the affected joints in early dis-
ease show soft tissue swelling and juxta-articular osteopenia. 
Later in disease progression, it can show marginal erosions 
(areas of bone loss) and cartilage destruction (joint space 
narrowing). Thus, radiographs especially of hands and feet 
are useful to diagnose and assess the progression of disease.

Ultrasound is more sensitive than plain radiographs to 
detect erosions, synovitis, and vascularity and can be used to 
monitor disease progression [19].

MRI is more sensitive than plain radiographs to detect 
erosions in the earlier stage of RA. In the later erosive stages, 
it also detects bone marrow edema and hypertrophic syno-
vial tissue.

55.3.6  Treatment

The cornerstone of management is early identification of RA 
with prompt initiation of treatment to halt joint destruction. 
The 2015 ACR RA treatment guidelines recommend moni-
toring of the disease activity in response to treatment with 
Clinical Disease Activity Index (CDAI) and Disease Activity 
Score 28 (DAS28) which assess clinical symptoms, function, 
and overall well-being [20]. The goal of treatment is to 
achieve clinical remission (low disease activity) based on the 
above score.

 (a) Medical management
The drugs used for RA treatment are disease- 

modifying antirheumatic drugs (DMARDs) which are 
synthetic type and biologics [21]. The synthetic types 
are (a) conventional drugs used initially and have proven 
to work (methotrexate, sulfasalazine, hydroxychloro-
quine, leflunomide) and (b) targeted therapy such as 
tofacitinib, upadacitinib, and baricitinib. Some of the 
commonly used biologic DMARDs used are etanercept, 

infliximab, certolizumab, golimumab, adalimumab, 
rituximab, tocilizumab, abatacept, sarilumab, and ritux-
imab. Other drugs used are nonsteroidal anti- 
inflammatory drugs (NSAIDs) and glucocorticoids. 
Among the synthetic DMARD, methotrexate (MTX) is 
widely used and the first choice, while all other drugs are 
usually add-on therapies for nonresponders after maxi-
mizing the dose of MTX. Prompt referral to rheumatolo-
gists has shown better patient outcomes [22].

 (b) Procedures: Arthrocentesis, if performed, will show 
inflammatory synovial fluid without crystals.

 (c) Rehabilitation: Exercise goals are to improve joint 
mobility and muscle strength and maintain overall fit-
ness. Exercise helps control flare-ups and can reduce 
pain and stiffness. Many RA patients suffer from accel-
erated muscle loss contributing to disability and poor 
quality of life. Exercise will build muscle strength and 
help maintain optimal function.

Recommended exercises
Aerobic: Low-impact exercises such as walking, bik-

ing, swimming, and dancing
Strength training: Body weight exercise, free weights, 

weight machines, TheraBands
Flexibility: Static stretching, yoga, pilates, Tai Chi

 (d) Surgery: Surgery is usually reserved for complications 
of severe RA such as synovectomy, stabilization of 
unstable cervical vertebrae, carpal tunnel release, rup-
tured tendon repair, and total joint replacement in case of 
erosive disease

55.4  Spondyloarthritis

55.4.1  Synonyms

Axial spondyloarthritis, Ankylosing spondylitis, 
Spondy loarthritides, Spondyloarthropathy, and 
Spondyloarthropathies

55.4.2  ICD 10 Code

M14.89

55.4.3  Description

Spondyloarthritis encompasses a group of disorders involv-
ing inflammation of the axial skeleton (sacroiliac joint 
inflammation called sacroiliitis and spine inflammation 
called spondylitis), asymmetric peripheral joint inflamma-
tion, enthesitis/enthesopathy (inflammation at the point of 
tendon or a ligament attaching to the bone), dactylitis (uni-
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formly swollen sausage-like digit), inflammatory eye dis-
ease, psoriasis, and genitourinary or gastrointestinal 
inflammation. Spondyloarthritides can be classified as axial 
(includes ankylosing spondylitis and non-radiographic axial 
spondyloarthritis) or peripheral (includes psoriatic arthritis, 
reactive arthritis, inflammatory bowel disease-associated 
arthritis). There can be overlapping features between axial 
and peripheral groups.

The pathogenesis of spondyloarthritis appears to be an 
abnormality in the innate immune system and T-cells  causing 

increased cytokine production (tumor necrosis factor- alpha, 
interleukin-17, and interleukin-1) leading to joint damage in 
genetically predisposed individuals (positive HLA-B27).

55.4.4  Clinical Presentation and Physical 
Examination

The various subgroups of this disorder are listed below with 
their specific clinical features and treatment in Table 55.3.

Table 55.3 Features of various spondyloarthritides

Disease Articular features Extra-articular features Clinical pearls Treatment
Axial 
spondyloarthritis 
(AxSpa)

Inflammatory back pain 
(onset before age 45) with 
back pain that improves with 
activity, with involvement of 
the lower spine, sacroiliac 
(SI) joint, asymmetric 
oligoarthritis (hips and 
shoulders) enthesitis, 
dactylitis uncommon

Psoriasis; recurrent anterior 
uveitis, inflammatory bowel 
disease, restrictive 
pulmonary disease, 
osteopenia with risk of 
fragility fractures in setting 
of increased bone mineral 
density

Tenderness over the SI 
joints, reduction in spinal 
flexion, chest expansion 
and hip movement, 
hyperkyphosis of neck 
and thorax (hunching), 
loss of lumbar lordosis

First choice are NSAIDs. 
Tumor necrosis factor 
inhibitors (TNFI) in case of 
inadequate response to 
NSAIDs. Can also trial IL-17 
inhibitors

Psoriatic Arthritis 
[23]

Five clinical subtypes have 
been seen:
1.  Oligoarticular subtype 

(asymmetric ≤4 joints)
2.  Polyarticular subtype 

(symmetric and similar to 
RA)

3.  Distal subtype (involves 
DIP joints)

4.  Arthritis mutilans 
(telescoping of digits)

5.  Axial/spondyloarthritis 
subtype (involves spine and 
sacroiliac joints)

Other features seen are 
enthesitis, dactylitis, 
tenosynovitis

Psoriasis (usual areas 
involved are hairline, ears, 
umbilicus, groin) usually 
before joint involvement, 
nail pitting and 
onychodystrophy

Morning stiffness present 
for more than 30 min 
better with activity, 
presence of joint line 
tenderness and effusion 
with less tenderness than 
other inflammatory 
arthritis and more 
deformity (arthritis 
mutilans)

1.  csDMARD: methotrexate, 
leflunomide, sulfasalazine

2.  bDMARD: TNFI agents 
(adalimumab, certolizumab, 
etanercept, golimumab, 
infliximab), IL-17 inhibitors 
(ixekizumab, secukinumab), 
anti-IL-12/IL-23 agents 
(ustekinumab), IL-23 
inhibitors (guselkumab), 
JAK inhibitors (tofacitinib)

3. PDE4 inhibitor (apremilast)

Inflammatory 
bowel disorder 
(IBD)-associated 
arthritis

Spondylitis and sacroiliitis 
like AxSpa but not related to 
IBD activity, acute 
pauciarticular arthritis 
(mainly knee) associated with 
IBD flare, chronic 
polyarticular arthritis (mainly 
MCP) not associated with 
IBD flare, enthesitis, rarely 
dactylitis

Erythema nodosum, 
pyoderma gangrenosum, 
inflammatory bowel disease, 
bilateral chronic anterior 
uveitis, risk of vitamin D 
deficiency and fractures

Need to rule out septic 
arthritis due to increased 
risk

For IBD and arthritis relief, 
drug choices are sulfasalazine, 
azathioprine, 
6-mercaptopurine, 
methotrexate, glucocorticoids, 
infliximab, and adalimumab.

Reactive arthritis Acute onset asymmetric 
oligoarthritis which can lead 
to recurrent or persistent 
oligoarthritis; less occurrence 
of spondylitis, enthesitis, 
eactylitis

Keratoderma 
blennorrhagicum 
(hyperkeratotic skin changes 
on palms and soles), 
circinate balanitis 
(erythematous lesion with 
shallow ulcers on the penis), 
psoriatic nail changes, 
bilateral conjunctivitis, 
localized osteopenia

Usually presents 
2–3 weeks after an 
inciting infection (can be 
of genitourinary or 
gastrointestinal source) 
and a majority are 
self-resolving and 
nonerosive arthritis

1.  Treatment of inciting 
infection with appropriate 
antibiotics

2.  Acute arthritis relief can be 
with NSAID and if no relief 
can use glucocorticoids (oral 
as well intra-articular)

3.  Persistent symptoms can use 
sulfasalazine, methotrexate, 
or TNFI

AxSpa axial spondyloarthritis, SI sacroiliac, IBD inflammatory bowel disorder, NSAID nonsteroidal anti-inflammatory drug, csDMARD conven-
tional synthetic disease-modifying antirheumatic drug, bDMARD biological disease-modifying antirheumatic drug, IL-17 inhibitors interleukin 
−17 inhibitors, IL-12/IL-23 interleukin 12/interleukin 23, MCP metacarpophalangeal
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55.4.5  Diagnostic Workup

Lab work: HLA-B27 seen in greater than 75% of the patients 
with spondyloarthritis is a helpful but not confirmatory test. 
About 6% of the US population has positive HLA B27, and 
only less than 10% develop spondyloarthritis [24]. ESR and 
CRP are usually elevated, but CRP is a better marker to 
assess radiographic progression and response to treatment 
[25, 26].

Imaging: Plain radiograph of the pelvis is useful to diag-
nose axSpA such as sacroiliitis. Sacroiliitis is characterized 
by false widening, erosions, sclerosis, and ankylosis of the 
sacroiliac joint. “Bamboo spine” appearance on spinal X-ray 
is typically seen in advanced ankylosing spondylitis due to 
bony bridges between the vertebrae. In psoriatic arthritis, the 
distal interphalangeal joints show destruction and overhang-
ing growth by adjacent metacarpal/metatarsal giving a “pen-
cil in a cup” appearance.

MRI of the pelvis is more sensitive than plain radiograph 
in the early stages of sacroiliitis with suggestive features 
such as bone marrow edema. We recommend using an MRI 
pelvis to evaluate for sacroiliitis in a young patient with 
inflammatory back pain and suspected axSpA. Routine use 
of X-ray lumbar spine is not recommended for initial evalu-
ation for axSpA.

55.4.6  Treatments

The goal of treatment is to prevent progression of disease to 
preserve quality of life for extended periods. However, 
patient education on disease course and prognosis needs to 
be established early on.

 (a) Medical Management: Please see Table 55.3.
 (b) Rehabilitation: Physical therapy is key in improving the 

pain and stiffness in axSpa. Goals include improving 
posture and range of motion. Modalities such as hydro-
therapy are utilized. Spinal manipulation should be 
avoided due to spinal fusion especially involving the cer-
vical spine.

 (c) Procedures: Arthrocentesis, if performed, will show 
inflammatory synovial fluid without crystals.

 (d) Surgery: Joint replacement of affected joints may be 
necessary to prevent disability.

55.5  Crystal Arthropathies

Calcium or uric acid deposition in and around the joints 
evoking inflammation in the joints constitutes crystal- 
induced arthropathies. The most commonly seen is gout, and 
the others are calcium pyrophosphate disease (calcium depo-

sition in cartilage) and basic calcium phosphate deposition 
(calcium deposition around the cartilage like “Milwaukee 
shoulder”).

55.6  Gout

55.6.1  Synonyms

Crystal arthropathy, Gouty arthritis, Gout

55.6.2  ICD 10 Code

M11.9

55.6.3  Description

Hyperuricemia (serum uric acid ≥6.8  mg/dl) either from 
increased production or decreased excretion predisposes 
individuals to uric acid crystal deposition in the joints. About 
16% of the US population has hyperuricemia, but gout 
occurs in a fraction of these patients. The risk factors for 
symptomatic gout are male sex, genetic predisposition, obe-
sity, alcohol, and comorbid conditions (hypertension, hyper-
lipidemia, diabetes mellitus, chronic kidney disease).

55.6.4  Clinical Presentation

The natural history of gout manifestations is divided into 
three stages and patients can present in any stage.

 1. Asymptomatic hyperuricemia: Elevated serum uric acid 
level on lab work but not overt symptoms like joint pain 
or kidney stones. A vast majority do not develop symp-
toms; however, a few risk factors like increasing age or 
increasing uric acid levels might lead to developing 
symptomatic features of gout.

 2. Gout flares/acute intermittent gout: The first gout flare is 
typically monoarticular involving the lower extremity 
joints (especially the first metatarsophalangeal joint and 
this is known as “Podagra”). Usually it is triggered by a 
risk factor like trauma, surgery, dehydration, alcohol, 
drugs affecting the metabolism of uric acid, etc. Later in 
the course, the flares can be polyarticular involving mul-
tiple joints and can be associated with fever mimicking 
septic arthritis which needs to be ruled out. The gout 
flares occur in varying intervals with longer periods 
between attacks and as the disease progresses with shorter 
symptom-free intervals, where it is known as the inter-
critical gout phase.
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 3. Chronic recurrent tophaceous gout: Chronic frequent 
polyarticular attacks lead to persistent chronic arthritis. 
Long-standing disease leads to tophus formation (solid 
urate deposition with chronic inflammatory changes and 
joint destruction) especially over the extensors of the 
elbows, distal Achilles tendon, cartilage of ears, and dis-
tal interphalangeal joints of fingers.

55.6.5  Physical Examination

A joint with an initial gout flare is monoarticular, usually 
starts at night with a peak at 12–24 h, and is red, swollen, 
warm, and extremely tender with an inability to use the joint. 
A recurrent gout flare is similarly inflamed involving feet, 
ankles, knees, bursa, shoulder, sternoclavicular joint, and 
rarely even the spine.

Chronic long-standing gout shows tophus formation 
which appears chalky white and is not painful or tender.

55.6.6  Diagnostic Workup

Arthrocentesis and synovial fluid analysis are essential to 
confirm the diagnosis of gout. Synovial fluid analysis is 
inflammatory (WBC count between 10,000–100,000  μL) 
with neutrophil predominance. The gold standard for diag-
nosis is negatively birefringent needle-shaped uric acid 
crystals within neutrophils under polarized light 
microscopy.

Lab work can show nonspecific elevated ESR and 
CRP. Serum uric acid levels to demonstrate hyperuricemia 
are done 2 weeks after the gout flare subsides as levels can 
vary (can be normal) and cannot be interpreted accurately.

Imaging: Plain radiograph and MRI show changes in 
chronic gout like subcortical bone cysts and overhanging 
edges of cortical bone (due to bone erosions in the setting of 
tophi).

Ultrasound of joints can diagnose early gout and monitor 
response to treatment with a characteristic feature of “double 
contour sign” [27].

Dual-energy computed tomography can be used to dif-
ferentiate uric acid deposition from calcium deposition.

55.6.7  Treatments

 (a) Medical Management: Treatment of an acute gout flare 
aims to decrease the symptoms due to inflammation and 
can be achieved by colchicine, NSAIDs, and glucocorti-
coids (intra-articular injection, intramuscular depot 
form, oral short-course prednisone).

To prevent recurrent attacks of gout and joint destruc-
tion, lifestyle modification and reducing risk factors 
(stress, high BMI, alcohol intake) along with urate- 
lowering therapy are recommended. The urate-lowering 
therapy medications are allopurinol (first-line choice 
helps to reduce serum uric acid level), febuxostat (better 
choice in mild to moderate chronic kidney disease 
patients but avoid if patients have increased cardiovascu-
lar risk factors), probenecid (usually second line in com-
bination with allopurinol to be avoided in patients with 
CKD and kidney stones), and pegloticase (used in recur-
rent severe tophaceous gout not responding to conven-
tional therapy). Prophylaxis with colchicine, NSAIDs, 
or glucocorticoids is recommended for initial 3–6 months 
of urate-lowering therapy to prevent worsening of gout 
flares. Goal uric acid in a patient on urate-lowering ther-
apy is less than 6 mg/dl.

 (b) Rehabilitation: In the acute phase, resting the joint 
should be considered. In chronic cases, physical therapy 
can be considered to maintain ROM of the affected joint 
and improve function.

 (c) Procedures: Arthrocentesis will reveal inflammatory 
synovial fluid. Visualization of appropriate crystals is 
the gold standard for diagnosis.

 (d) Surgery: Occasionally tophi may be removed surgically, 
especially if they are at sites of repetitive trauma.

55.7  Osteoarthritis

55.7.1  Synonyms

Osteoarthritis

55.7.2  ICD-10 Codes

M15–M19

55.7.3  Description

This section covers osteoarthritis as a disorder. For details of 
osteoarthritis of upper and lower extremity joints, please 
refer to Chap. 53.

OA is a degenerative disease of the cartilaginous struc-
tures in the joint and the most common form of arthritis lead-
ing to significant pain and disability [28]. The risk factors 
implicated in the development of OA are increasing age, 
female sex, previous joint trauma, obesity, joint overuse due 
to occupation or vigorous exercise, smoking, quadriceps 
weakness, increased bone mass, and family history. These 
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risk factors either acutely or cumulatively lead to abnormal-
ity in cartilage formation and joint injury. [29]

55.7.4  Clinical Presentation

The joints commonly involved in OA are knees, hips, first 
carpometacarpal (CMC) joint, distal (DIP) and proximal 
interphalangeal joints (PIP) of fingers, and facet joints of the 
cervical and lumbar spine. The pain from joint use is gradual 
and intermittent in onset but eventually becomes constant 
and debilitating. It is initially relieved with rest and analge-
sics. Patients experience morning stiffness usually less than 
30 min and also gel phenomenon (stiffness with inactivity) 
which resolves within minutes. Joint involvement can have 
specific features; hand involvement leads to difficulty in dex-
terity; hip and knee involvement leads to gait and balance 
issues; spine involvement can lead to nerve compression 
symptoms.

55.7.5  Physical Examination

Affected joint demonstrates joint-line tenderness, loss of 
range of motion, crepitus, joint instability, and locking. 
Long-standing OA joints can have bony swelling (Bouchard 
in PIP and Heberden nodes in DIP) and squaring of 
CMC.  Erosive OA can show signs of inflammation with 
warmth and joint effusion. Other causes such as septic arthri-
tis and crystal-induced arthritis must be excluded by 
arthrocentesis.

55.7.6  Diagnostic Workup

55.7.6.1  Imaging
Plain radiographs do not correlate with symptoms and are 
not sensitive in early OA. Classic radiograph findings are 
asymmetric joint space narrowing, marginal osteophyte for-
mation, and as the disease progresses, subchondral sclerosis, 
and cyst formation. In DIP and PIP, central erosions and cor-
tical collapse may be seen. MRI and ultrasound are more 
sensitive to detect early changes in cartilage, but not rou-
tinely required. MRI is also useful to detect early changes in 
ligaments and meniscus.

55.7.6.2  Arthrocentesis
Arthrocentesis has a limited role in the diagnosis of OA. It 
can be done to exclude inflammatory arthritis, septic arthri-
tis, or crystal-induced arthritis. Synovial fluid analysis is 
noninflammatory (white blood cell count is less than 
2000 cells/mm3) with predominant mononuclear cells.

55.7.7  Treatments

55.7.7.1  Medical Management
Medications can be used to provide symptom relief but not to 
reverse the disease process. Chronic conditions and co- 
existing medication regimes are to be factored to reduce drug 
toxicity. The choices are oral drugs such as acetaminophen, 
nonsteroidal anti-inflammatory agent (NSAID), duloxetine 
(efficacious in knee pain), and, in select situations, tramadol. 
Opioids are not preferred [30]. Local treatment can be in the 
form of intra-articular corticosteroid injection (useful if there 
are signs of inflammation or unable to take systemic ther-
apy), viscosupplementation (injection of hyaluronan in the 
affected joint), closed tidal lavage (has shown similar effi-
cacy to intra-articular corticosteroid injection and 
arthroscopic debridement), and topical therapies (NSAID, 
salicylates, capsaicin). Natural nutrition supplements avail-
able over the counter are glucosamine and chondroitin but 
lack sufficient data.

55.7.7.2  Rehabilitation
It begins with patient education to understand the disease 
process and set expectations. Individualized exercise regi-
men (nonimpact aerobic exercise, aquatic exercise regimen), 
weight loss, and assistive devices (braces, canes, walkers, 
splints) to carry out daily activities and provide symptomatic 
relief. Weight loss has proven to be beneficial only in knee 
osteoarthritis, while a combination of diet and exercise has 
proven to improve pain and function.

Physical Therapy
All patients benefit from participating in a home exercise 
program and physical therapy. Regardless of the underlying 
condition, the physical therapist instructs in the correct way 
to strengthen, stretch, and protect the involved joints. The 
exercise program should include aerobic (walking, biking, 
swimming), strengthening, and stretching exercises. If avail-
able, a water-based program is best as it can lighten the load 
on the joints while still providing resistance for the muscles 
to become stronger. A heated pool is very beneficial as warm 
water can soothe sore muscles.

Every exercise program is specific to the needs of the 
patient. The general recommendation is for patients to per-
form cardiovascular exercise 3–5×/week (30–60  min), 
strength train 2–3×/week (20–30  min), and stretch 3–7×/
week (20–30 min). An increase in pain lasting more than 1 h 
after completing the routine is an indication of difficulty and 
should be reduced at the next session. An exercise program 
involving open and closed chain exercises will improve 
strength, flexibility, balance, and proprioception. Its result is 
less joint stiffness, better pain management, and better qual-
ity of life.
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Recommended Exercises
Aerobic Walking, biking, swimming

Strength training Body weight exercise, free weights, 
weight machines, TheraBand

Flexibility Static and dynamic stretching, yoga, pilates
Participating in yoga, pilates, Tai Chi, and dance class are 

all great ways to reduce joint stiffness, build strength, and 
flexibility. Regular exercise can improve overall health, 
reduce the pain and stiffness associated with OA, and result 
in weight loss.

55.7.8  Procedures

• Intraarticular steroid injection. This is commonly per-
formed in mild-moderate osteoarthritic joints and may 
reduce the inflammatory phase of the disease and reduce 
pain. From randomized controlled trials in OA patients, 
there is evidence that intra-articular corticosteroids are 
effective, but their benefit over placebo may be relatively 
short-lived, up to 4  weeks [31]. In a 2006 Cochrane 
review, the short-term efficacy of corticosteroids in knee 
OA has been confirmed [31]. Steroid should be diluted 
with saline and not with local anesthetics (LA), since all 
LA are cytotoxic to intraarticular cartilage.

• Viscosupplementation: Despite many clinical trials, the 
efficacy of HA is a matter of debate. The injectable hyal-
uronan products that are approved by FDA are sodium 
hyaluronate, Hylan G-F 20, and high-molecular-weight 
hyaluronan. Viscosupplementation is currently only indi-
cated for knee OA.

• Intraarticular PRP: There is an increase in the utiliza-
tion of PRP in managing pain in osteoarthritis. 
Systematic review and meta-analysis of RCT trials 
show that treatment of OA with leukocyte-poor PRP 
results in patient- reported positive outcomes and pain 
reduction for up to 1 year. However, there was no statis-
tically significant difference between PRP and HA in 
pain reduction [32].

• Bone marrow-derived and adipose-derived stem cells: 
Stem cells are an important milestone in the field of tissue 
engineering and regenerative medicine. Stem cell therapy 
is considered to be a promising method to solve the regen-
eration of articular cartilage. Despite major interest and a 
growing body of evidence, there is limited research- 
backed support in the use of bone marrow- or adipose- 
derived mesenchymal stem cells for the treatment of 
OA.  Ethical issues, regulatory obstacles to cell culture/
expansion, high cost, poor cell localization, poor cell 
retention, and limited FDA-approved scaffolds are all 
major obstacles to research.

55.7.9  Surgery

Failure to respond to conventional therapy and exhibition of 
moderate to severe functional disability require surgical 
intervention such as total joint arthroplasty and cartilage 
repair and transplantation. Morbidly obese individuals with 
knee OA can trial bariatric surgery which has shown some 
evidence of knee OA improvement.
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Entrapment Syndromes

David P. Brown, Lei Lin, and Tomas Salazar

56.1  Carpal Tunnel Syndrome

56.1.1  Synonyms

Median neuropathy at the wrist

56.1.2  ICD-10 Codes

G56.00

56.1.3  Description

Carpal tunnel syndrome (CTS) is a median nerve compres-
sion neuropathy in the carpal tunnel. It is the most common 
entrapment neuropathy of the upper extremity.

Anatomy The median nerve arises from the C6–T1 nerve 
roots. Axons traverse all three trunks and then the medial and 
lateral cords. Sensation to the palmar lateral surface of the 
hand and the palmar thumb, index, middle, and lateral half of 
the ring finger is provided by the lateral cord. Axons from the 
medial cord provide innervation for median motor control of 
the hand with no sensory function; this includes the lumbri-
cals 1 and 2, opponens pollicis, abductor pollicis brevis, and 
the flexor pollicis brevis (LOAF muscles). The carpal tunnel 
is bounded by the carpal bones and the transverse carpal liga-
ment. The tunnel contains the four flexor digitorum superfi-
cialis tendons, the four flexor digitorum tendons, the flexor 
pollicis longus tendon, and the median nerve [2] (Fig. 56.1).

Carpal tunnel syndrome (CTS) can be an idiopathic pro-
cess or a result of increased volume and pressure within the 
tunnel caused by specific disorders such as repetitive motion 
injuries, thyroid disease, congestive heart failure, renal fail-
ure, or masses including hematomas or tumors [1, 2]. In the 
last trimester of pregnancy, total body fluid volume may 
increase leading to increased carpal tunnel pressures. CTS 
associated with pregnancy may subside after delivery [3]. 
Other conditions which can cause tunnel compromise include 
fracture, arthritis, and rheumatoid tenosynovitis. Underlying 
conditions which can cause generalized peripheral neuropa-
thies make individuals more prone to focal neuropathies like 
CTS. Differential diagnosis of CTS is outlined in Table 56.1.

Double crush syndrome occurs when radiculopathies, 
brachial plexopathies, or thoracic outlet syndrome occur 
with CTS. C6 and C7 radiculopathies must be considered in 
the differential diagnosis when considering CTS due to over-
lap of symptoms [1, 2].

56.1.4  Clinical Presentation

Classic CTS complaints include numbness and tingling of the 
thumb, index, and middle fingers. At times, due to referred pain, 
symptoms can extend into the ring and small fingers. Nocturnal 
pain and numbness are common. Symptoms can radiate proxi-
mally into the forearm as well. People may attest to weakness 
in grip and poor dexterity. Holding a phone, grasping a steering 
wheel, or repetitive motions can engender symptoms. In gen-
eral, any activity leading to prolonged wrist flexion can gener-
ate numbness, tingling, and pain in patients with CTS [2].

56.1.5  Physical Examination

If the median nerve is only irritated (no axonal loss), the sen-
sory examination may be normal. If sufficient axon loss has 
occurred, then sensation will be decreased in the median 
nerve distribution including the thumb, index finger, middle 
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finger, and the radially half of the ring finger. Motor function 
may be spared in mild to moderate cases. In more advanced 
CTS, thumb abduction weakness occurs, and atrophy of the 
abductor pollicis brevis may be seen.

As with all nerve entrapment cases, the examination includ-
ing general inspection, palpation, range of motion, strength 
testing, deep tendon reflexes, and sensation of the upper limbs 
must take into account other possible causes for the presenting 
symptoms. Tinel’s sign (mechanical tapping of the median 
nerve at the carpal tunnel) and Phalen’s test (60-second main-
tained wrist flexion position eliciting median distribution par-
esthesias) are both provocative tests for CTS. Tinel’s has about 
65% sensitivity, and Phalen’s test has about 85% sensitivity, 
and both have approximately 90% specificity for median nerve 
entrapment at the wrist [2, 24] (Fig. 56.2).

56.1.6  Diagnostic Workup

NCS and EMG are an extension of the physical examina-
tion. Sensory studies are more sensitive than motor studies. 
Median sensory distal latencies will be prolonged and 
should be compared to other nerves in the hand, either radial 
or ulnar. Antidromic studies will provide larger amplitudes. 
Axonal loss or conduction block will cause motor and sen-
sory amplitude drop. Conduction studies of the median 
nerve through the forearm will help differentiate CTS from 
a more generalized peripheral neuropathy. EMG should 
sample C5–T1 selected muscles, the APB, and the cervical 
paraspinals [1].

Ultrasound is useful to assess the median nerve at the car-
pal tunnel proximal border (Fig. 56.3). At this site, the nerve 
will appear swollen (Fig. 56.4) and hypoechoic with a large 
cross-sectional area in comparison to the nerve more proxi-
mally [1]. Greater than 10mm2 at the carpal tunnel inlet is 
diagnostic for CTS [22].

Pronator teres
muscle

Median nerve

Anterior
interosseous nerve

Palmar branch
of median nerve

Carpal ligament

Fig. 56.1 Course of median 
nerve in the forearm and 
carpal tunnel

Table 56.1 Differential diagnosis of carpal tunnel syndrome

Brachial plexopathy Anterior interosseous neuropathy
Cervical radiculopathy Musculoskeletal disorders of hand and wrist
Generalized peripheral 
neuropathy

Pronator teres syndrome
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Phalen’sTinel’s

Fig. 56.2 Tinel’s test (left) and Phalen’s test (right) are part of CTS examination. (Courtesy of S.  Ali Mostoufi, MD, Boston Regenerative 
Medicine)

Fig. 56.3 Median nerve at 
carpal tunnel inlet with 
pisiform and scaphoid bony 
landmarks and the ulnar 
artery (UA). Transverse carpal 
ligament is marked as yellow 
dots superficial to 
MN. Measurement of the 
median nerve can be done at 
this site for diagnostic 
purposes. (Figure courtesy of 
S. Ali Mostoufi, MD)

Fig. 56.4 Median nerve in long axis. Side-to-side comparison demonstrating enlargement of the left median nerve. (Courtesy of S. Ali Mostoufi, 
MD, Boston Regenerative Medicine)
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56.1.7  Treatment

Conservative treatment is indicated in mild cases with no 
weakness, atrophy, or denervation on EMG. Orthotics: car-
pal tunnel splints usually worn at night

• Medications such as NSAIDs and diuretics
• Ergonomic modifications
• Image-guided steroid injections may provide some relief 

but may not be a permanent solution (Fig. 56.5).
• Hydrodissection has been used with some success in mild 

to moderate CTS. For more details, please see Chap. 32.
• Platelet-rich plasma injection into the carpal tunnel has 

been used with some success in mild to moderate CTS. For 
more details, please see Chap. 32.

• Ultrasound-guided percutaneous release of the carpal 
ligament has proved successful in mild to moderate CTS 
(Fig. 56.6). For more details, please see Chap. 32.

Surgical release is indicated for persistent numbness and 
pain despite conservative treatment. In CTS with severe muscle 
atrophy, surgical release does not have a high rate of success 
due to the extent of axon damage [2]. Surgical care is discussed 
in more detail in Chap. 37.

56.2  Anterior Interosseous Nerve 
Entrapment

56.2.1  Synonyms

• Anterior interosseous neuropathy
• Anterior interosseous syndrome
• Pure median motor neuropathy of the forearm

56.2.2  ICD-10 Codes

G56.10

56.2.3  Description

Anterior interosseous nerve (AIN) entrapment is a pure median 
motor neuropathy in the forearm. It is a less common median 
neuropathy and can be mistaken for brachial plexopathy or 
other proximal median neuropathies. AIN results in weakness 
in thumb and finger pinch strength. Trauma to the volar fore-
arm is one possible cause. True entrapment of the AIN is rare 
[1, 2]. Differential diagnosis of AIN is outlined in Table 56.2.

Fig. 56.5 CTS injection with US. Needle tip is placed between the transcarpal ligament and the median nerve. The correct injection flow should 
be confirmed in both short- and long-axis images. (Courtesy of S. Ali Mostoufi, MD, Boston Regenerative Medicine)
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Anatomy Refer to the “Carpal Tunnel Syndrome” section 
for full median nerve anatomy. The AIN branches in the 
proximal forearm as a pure median motor nerve to innervate 
the flexor digitorum profundus I and II, the flexor pollicis 
longus, and pronator quadratus.

56.2.4  Clinical Presentation

AIN entrapment presents with severe pain in the forearm with 
no sensory loss. Weakness is evident in forming the letter “O” 
with the thumb, index, and middle fingers, due to denervation 
of the muscles of distal flexion of these digits [1].

56.2.5  Physical Examination

Inspection of the forearm may or may not reveal volar fore-
arm atrophy. The patient may feel pain on the volar aspect of 
the proximal third of the forearm. Sensory should be intact 
for the upper limb. Weakness should be evident as noted 
above in thumb, index, and middle finger in flexion. Holding 
onto a single sheet of paper with just the fingertips can be 
challenging for these patients [4]. Upper limb reflexes should 
be normal. A thorough examination of the cervical neck and 
upper limbs is needed to rule out other causes.

56.2.6  Diagnostic Workup

Plain films Radiographs of the supracondylar humerus are 
indicated in AIN palsy, since 20% of fractures in this region 
will result in nerve palsy including AIN [23].

Electrodiagnostic studies are essential. Sensory and 
motor conduction studies of the median and ulnar nerves are 

needed to rule out other neuropathies and brachial plexopa-
thy. EMG of the flexor digitorum I and II, flexor pollicis lon-
gus, and pronator quadratus are required and will show 
evidence of abnormalities. EMG of other muscles will rule in 
or out other nerve involvement.

Diagnostic ultrasound scans of the forearm may reveal 
nerve injury as swelling and increased heterogenicity. It can 
also show causes of entrapment including cysts, tumors, 
ischemia, hematomas, or fibrous bands [1].

56.2.7  Treatment

Conservative care involves stretching and strengthening of 
the forearm musculature. Surgical intervention may be 
needed for the release of fibrous bands or decompression of 
scar tissue or masses. Most patients improve without surgical 
intervention; recovery with conservative treatment may take 
up to 1 year after onset [4].

56.3  Pronator Teres Syndrome

56.3.1  Synonyms

• Median neuropathy at the pronator teres muscle
• Proximal median motor and sensory neuropathy of the 

forearm

56.3.2  ICD-10 Codes

G56.10

56.3.3  Description

Pronator teres syndrome is a median nerve entrapment at the 
pronator teres muscle affecting both motor and sensory func-
tion. The nerve is compressed at a fibrous arch connecting 
the two heads of the pronator teres muscle (Fig. 56.1). This 

Fig. 56.6 Percutaneous 
US-guided CTS release. 
Triangles point to the 
transverse carpal ligament, 
and the arrows demonstrate 
the blade engaged in the 
ligament, The median nerve 
(circle) is displaced laterally 
and protected by an air 
chamber to avoid injury. 
(Courtesy of S. Ali Mostoufi, 
Boston Regenerative 
Medicine)

Table 56.2 Differential diagnosis of anterior interosseous syndrome

Brachial plexopathy Multifocal motor neuropathy
Cervical radiculopathy Muscle or tendon injury in the forearm
Carpal tunnel syndrome Pronator syndrome
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results in weakness in all median innervated muscles of the 
forearm and hand distal to the pronator teres and numbness 
in the median nerve distribution. This is an uncommon neu-
ropathy. The entrapment may be caused by activities requir-
ing a high frequency of pronation. It may result from direct 
trauma or the development of a fibrous band [1, 2, 4]. Full 
median nerve anatomy is discussed in the CTS section. 
Differential diagnosis of pronator syndrome is outlined in 
Table 56.3.

56.3.4  Clinical Presentation

Pain may be felt in the volar proximal forearm. Weakness 
will be apparent in flexion of the thumb, flexion of the index 
and middle fingers, flexion of the wrist, and abduction and 
opposition of the thumb. Numbness will involve the lateral 
palmar hand, the palmar thumb, and the index and middle 
fingers.

56.3.5  Physical Examination

Examination may find atrophy of the volar forearm and pain 
upon palpation in the proximal volar forearm. Percussion 
over the pronator teres may cause radiating dysesthesias to 
the lateral palmar hand. Symptoms may be replicated with 
resisted pronation.

Weakness as noted above is apparent in wrist flexion; 
thumb, index, and middle fingers; and abduction and opposi-
tion of the thumb. Sensory will be diminished in the lateral 
palmar hand; the thumb; and the index, middle, and lateral 
half of the ring finger.

Deep tendon reflexes are normal. A thorough examination 
of the arm and cervical region is necessary to rule out other 
pathology.

56.3.6  Diagnostic Workup

EMG/NCS Electrodiagnostic studies are essential. Median 
nerve abnormalities will be present distal to the pronator 
teres. Axonal injury will result in low amplitudes for median 
motor and sensory function. EMG abnormalities will involve 
all median innervated muscles distal to the pronator teres. 

The median nerve function must be compared to other nerves 
to isolate abnormalities, in order to rule out other 
conditions.

Diagnostic Ultrasound of the forearm may help identify 
nerve swelling at the injury site or the presence of a fibrous 
band, mass, or hematoma [1].

56.3.7  Treatment

Conservative care includes stretching, soft tissue release 
techniques, and strengthening. Nonsurgical management 
with rest, nonsteroidal anti-inflammatory medications, and 
avoidance of troublesome activities are highly effective 
[4]. Corticosteroids can also be beneficial. Surgical release 
may be required to reduce scar tissue or fibrous bands, if 
conservative treatment fails, or if symptoms are caused by 
a mass [4].

56.4  Posterior Interosseous Nerve 
Syndrome

56.4.1  Synonyms

• Posterior interosseous neuropathy
• PIN syndrome

56.4.2  ICD-10 Codes

G56.80–G56.82

56.4.3  Descriptions

Posterior interosseous nerve (PIN) syndrome is a neuropathy 
at the forearm of the PIN. It occurs most frequently due to 
entrapment at the arcade of Frohse. Other potential etiolo-
gies, including the tendinous edge of the bordering tissues, 
adjacent muscles and vessels, ganglion cysts, tumor and 
other mass lesions, synovial pathologies, radial head fracture 
and Monteggia fracture-dislocation, and repetitive prona-
tion/supination, may also cause compression of the PIN [1]. 
This is a rare diagnosis and can be difficult to distinguish 
from radial neuropathy occurring at the spiral groove [1, 5]. 
The differential diagnosis of PIN is listed in Table 56.4.

Anatomy The radial nerve is essentially derived from the 
C5 and T1 roots; radial fibers then travel through the poste-
rior division of all three trunks and posterior cords of the 
brachial plexus. The radial nerve travels through the arm, 

Table 56.3 Differential diagnosis of pronator syndrome

Anterior interosseous nerve 
syndrome

Generalized peripheral 
neuropathy

Brachial plexopathy Forearm musculotendinous 
injury

Cervical radiculopathy Multifocal motor neuropathy
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wraps around the humerus in the spiral groove, descends into 
the lateral elbow, and divides into the superficial and deep 
branches proximal to the arcade of Frohse. The posterior 
interosseous nerve is the deep motor branch of the radial 
nerve. The radial nerve, after coursing anterior to the lateral 
epicondyle of the humerus, bifurcates into a superficial sen-
sory and the PIN at the level of the radiocapitellar joint. After 
travelling through the radial tunnel, the PIN passes between 
the superficial and deep heads of the supinator muscle. After 
exiting the supinator canal, the PIN supplies the extensor 
compartment muscles of the forearm [1, 2, 5].

56.4.4  Clinical Presentation

Posterior interosseous neuropathy presents with paralysis, 
which can be partial or complete, involving some or all the 
posterior interosseous nerve-innervated muscle. In most 
instances, it is relatively acute over the course of several days 
to weeks. Pain in the elbow or proximal lateral extensor fore-
arm is an inconsistent feature; when present, it is typically 
the initial symptom and short-lived, lasting for no more than 
3 days.

56.4.5  Physical Examination

In posterior interosseous neuropathy, patients usually have 
weakness affecting the extensor carpi ulnaris, extensor digi-
torum communis, extensor digiti minimi, abductor pollicis 
longus, and extensor pollicis brevis. Typically, the extensor 
carpi radialis brevis and longus, supinator, brachioradialis, 
and triceps are not affected as they are innervated before the 
radial nerve divides.

Patients with PIN neuropathy have the characteristic pre-
sentation of finger drop with radial wrist deviation when 
attempting to extend the wrist and fingers, due to paralysis of 
the extensor carpi ulnaris and the unopposed contraction of 
the extensor carpi radialis longus and brevis. Patients should 
be able to weakly extend the wrist. Sensation should be 
intact, as the PIN has no sensory branches. Depending on the 
severity of injury, there may be a positive Tinel sign at the 
site of injury [1, 2, 5, 6]. As with all neuropathies, a full 
MSK/neuromuscular and cervical spine exam is required to 
rule out other etiologies.

56.4.6  Diagnostic Workup

Imaging studies can be useful if patients have bony structure 
abnormalities or mass lesions. Electrodiagnostic studies are 
key to this diagnosis. The study may show denervation signs 
in the muscles innervated by the posterior interosseous 
nerve, with sparing of muscles innervated by the radial 
nerve, including triceps, anconeus, brachioradialis, and 
extensor carpi radialis longus and brevis. Patients will have 
normal sensory nerve action potential of the superficial 
radial nerve [5].

Ultrasound may provide a convenient and complementary 
tool for diagnosis. Diagnostic neuromuscular ultrasound 
may demonstrate hypoechoic swelling of the PIN, while also 
providing direct visualization of the PIN throughout the 
entire supinator canal and adjacent anatomic structures. This 
enables the examiner to identify various potential causative 
lesions, as well as see possible secondary denervation atro-
phy of the affected muscles [6].

56.4.7  Treatment

Most patients without open trauma or mass lesions improve 
with conservative treatment, which can include splinting, 
NSAIDs, physical and occupational therapy, and activity 
modification [2]. Corticosteroid injections can also be bene-
ficial [5]. For patients who fail 6  months of conservative 
treatment, surgical release of all five compression sites is 
recommended [5]. Rehabilitation should start soon after 
decompression with an early active range of motion. The 
patient may continue to see improvement for months after 
surgery [7].

56.5  Radial Tunnel Syndrome

56.5.1  Synonyms

• Radial neuropathy at the elbow
• Resistant tennis elbow

56.5.2  ICD-10 Codes

G56.30–G56.32

56.5.3  Descriptions

Radial tunnel syndrome is a radial nerve neuropathy at the 
elbow. It occurs as a result of chronic sporadic compres-
sion on the radial nerve by the radial head as it passes 

Table 56.4 Differential diagnosis of posterior interosseous 
neuropathy

Brachial plexopathy Radial nerve palsy at spiral 
groove

Cervical radiculopathy Radial tunnel syndrome
Lesions in the contralateral motor 
cortex

Wartenberg syndrome
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under the supinator. This is a debatable diagnosis, as 
patients do not have any signs or symptoms other than 
pain, and they have normal electrodiagnostic studies [1, 5, 
8]. Table  56.5 details the differential diagnosis of radial 
tunnel syndrome.

Anatomy For complete anatomical overview of the radial 
nerve, please see the section “Posterior Interosseous Nerve 
Syndrome.” The anatomical radial tunnel runs from the 
radial head to the inferior aspect of the supinator muscle. 
It is bordered by the supinator, extensor carpi radialis lon-
gus, extensor carpi radialis brevis, and brachioradialis 
muscle [8].

56.5.4  Clinical Presentation

Radial tunnel syndrome presents with pain over the radial 
proximal forearm, typically involving the dominant side. It is 
usually described as a dull ache, located deep in the extensor 
muscle mass, and may radiate proximally or distally into the 
arm and forearm respectively. Pain is usually worse at night 
or when the elbow is extended, forearm is pronated, or wrist 
is flexed [8].

56.5.5  Physical Examination

In radial tunnel syndrome, patients usually have tenderness 
over the radial nerve 3–5 cm distal to the lateral epicondyle 
and may be exacerbated with resisted forearm supination or 
wrist hyperextension [5, 8]. Pain while extending the middle 
finger against resistance has shown to be a strong clinical 
indicator of radial tunnel syndrome [8].

56.5.6  Diagnostic Workup

Electrodiagnostic studies are normal in radial tunnel syn-
drome but are still of value as clinically differentiating 
between radial tunnel syndrome and PIN syndrome is chal-
lenging. (PIN syndrome, as previously described, shows 
abnormalities on electrodiagnostic studies [5].)

MRI is usually also normal but could show muscle edema 
[8]. Ultrasound can be useful as it might demonstrate nerve 

edema; it can also help rule out other diagnoses such as lat-
eral epicondylitis [8].

56.5.7  Treatment

Common conservative treatment methods include immobili-
zation of the wrist with splinting, anti-inflammatory medica-
tion, ultrasound massage, and physical therapy. Activity 
modifications include avoiding prolonged elbow extension, 
forearm pronation, and wrist flexion. Nerve block has been 
beneficial in some patients. Surgical intervention is recom-
mended if the symptoms do not improve with 3 months of 
conservative treatments [8]. Surgery usually also includes 
the release of the PIN [8].

56.6  Cubital Tunnel Syndrome

56.6.1  Synonyms

Ulnar neuropathy at the elbow

56.6.2  ICD-10 Codes

G56.21–G56.23

56.6.3  Description

Cubital tunnel syndrome is an ulnar neuropathy at the elbow. 
It is the second most common neuropathy affecting the upper 
extremity after carpal tunnel syndrome.

Anatomy The ulnar nerve comes from the C8 and T1 roots, 
with a minor part from C7. The nerve fibers go through the 
lower trunk and medial cord of the brachial plexus. The ulnar 
nerve descends through the medial arm toward the elbow. 
Here, it enters the ulnar groove between the medial epicon-
dyle and the olecranon process. After traversing the ulnar 
groove, the nerve dives into the cubital tunnel by passing 
under the flexor carpi ulnaris. The tunnel is sometimes 
known as the humeral-ulnar aponeurosis [1, 2]. This path of 
the ulnar nerve is seen in Fig. 56.7.

Cubital tunnel syndrome is usually caused by chronic 
compression due to repeated elbow flexion traumatizing the 
nerve [1, 2]. Ulnar neuropathy at the elbow is also common 
in patients immobilized after surgery and during general 
anesthesia or coma. Congenitally tight cubital tunnels can 
also lead to compression [1]. In Table 56.6, the differential 
diagnosis of cubital tunnel syndrome is listed.

Table 56.5 Differential diagnosis of radial tunnel syndrome

Biceps tendinopathy Lesions in the contralateral motor cortex
Brachial plexopathy Muscle tear of the extensor carpi radialis 

brevis
Cervical 
radiculopathy

Osteoarthritis of the radiocapitellar joint

Lateral epicondylitis Posterior interosseous neuropathy
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56.6.4  Clinical Presentation

Cubital tunnel syndrome typically presents with paresthesias, 
numbness, and/or pain in the ulnar cutaneous distribution, 
particularly the ring and pinky finger. This can be worsened at 
night due to elbow flexion while sleeping, but other actions 
that cause elbow flexion can also trigger the symptoms [2, 9]. 
As the condition worsens, motor strength diminishes, and 
patients can report clumsy hand function. Further advanced 
cases might also report hand deformities [9].

56.6.5  Physical Examination

Inspection of the hand can demonstrate atrophy of the intrin-
sic hand muscles. Strength testing can reveal weakness in the 
grip strength due to the involvement of the finger flexors. 
Flexion of the fifth digit at the distal interphalangeal joint is 
the best way to identify ulnar side involved muscle weakness 
[2]. Thumb adduction and flexion weakness can occur, but 
thumb abduction should not be involved [1]. Benediction 
posture, Wartenberg’s sign, and Froment’s sign are three 
examples of physical examination findings seen in more 
advanced cases (Fig. 56.8). Benediction hand, also known as 
claw hand deformity, is a hand positioned with metacarpo-
phalangeal hyperextension and proximal and distal interpha-
langeal flexion of the fourth and fifth fingers [1, 9]. 
Wartenberg’s sign is when the fifth finger on the involved 
hand is abducted at rest. Lastly, Froment’s sign occurs when 
the patient is asked to pinch a piece of paper with their thumb 
and index finger. Due to intrinsic hand weakness, patients 
instead utilize the flexor pollicis longus and flexor digitorum 
profundus resulting in atypical flexion of the interphalangeal 
joints of those two fingers [1, 9]. Sensory exam can exhibit 
decrease in light touch over the ulnar half of the fourth finger 
and the complete fifth digit. No sensory changes in the fore-
arm should be evident [1, 2, 9]. As with all suspected nerve 
entrapments, a complete neuromuscular examination of the 
involved extremity is vital to rule out other pathologies.

56.6.6  Diagnostic Workup

X-rays of the elbow to identify any bony abnormalities that 
might be causing a neuropathy can be helpful. If cervical 
radiculopathy or Pancoast tumor is of high concern, neck and 
chest radiographs, respectively, are recommended [9].

Medial epicondyle

Ulnar nerve
Olecranon

Flexor carpi
ulnaris muscle

Fig. 56.7 Path of ulnar nerve traveling through the cubital tunnel. 
After traversing the ulnar groove, the nerve dives into the cubital tunnel 
by passing under the flexor carpi ulnaris

Table 56.6 Differential diagnosis of cubital tunnel syndrome

Amyotrophic lateral 
sclerosis

Superior sulcus tumor (Pancoast’s 
tumor)

Lower cervical 
radiculopathy

Thoracic outlet syndrome

Spinal cord diseases Ulnar neuropathy distal to the elbow

Inability to
adduct in
ulnar nerve
damage Clawing of

4th and 5th digit

Froment’s positiveNormal

Fig. 56.8 Wartenberg’s sign (left) is when the fifth finger on the 
involved hand is abducted at rest (unable to adduct due to ulnar nerve 
injury). Froment test (middle) examines ulnar neuropathy at the cubital 

tunnel. Benediction sign or claw hand deformity (right) is a hand posi-
tioned with metacarpophalangeal hyperextension and proximal and dis-
tal interphalangeal flexion of the fourth and fifth fingers
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Electrodiagnostic studies are key in identifying cubital 
tunnel syndrome. Nerve conduction studies need to include 
motor studies above and below the elbow to try and iden-
tify any demyelinating and/or axonal involvement across 
the elbow. Slowed conduction velocities, decreased ampli-
tudes, and prolonged distal latency can be seen. 
Electromyography of both the ulnar-innervated muscles 
distal to the elbow and the muscles involved in C8 radicu-
lopathy is necessary [2].

Ultrasound is a useful tool to easily follow the ulnar nerve 
through the arm. Flexing the elbow while observing the 
nerve at the elbow is a useful tool for identifying subluxation 
over the medial epicondyle (Fig. 56.9). Cross-sectional areas 
taken in the short axis can objectively determine if the nerve 
is edematous and enlarged [1].

56.6.7  Treatment

Conservative treatment should be initially attempted, with 
50–90% of cases showing improvement [9, 10]. The pro-
gram would include therapy, night splints, and patient educa-
tion. Avoiding positions that provide direct pressure on the 
nerve at the elbow is of the utmost importance. Nightly 
elbow braces avoid hyperflexion and allow for inflammation 
to decrease. NSAID and steroid injections are sometimes 
attempted, but the evidence supporting their use is limited 
[9]. An ultrasound-guided steroid injection is demonstrated 
in Fig. 56.10. Surgery is necessary in advanced cases or after 
failing conservative treatment. Commonly used procedures 
are cubital tunnel release, ulnar nerve anterior transposition, 
or medial epicondylectomy, with medial epicondylectomy 
less utilized recently. Postsurgical physical therapy is recom-
mended to help the patient regain strength and range of 
motion [9].

56.7  Suprascapular Nerve Entrapment

56.7.1  Synonyms

• Suprascapular neuropathy
• Suprascapular nerve palsy

56.7.2  ICD-10 Codes

G56.80

56.7.3  Description

Suprascapular nerve entrapment is a neuropathy due to com-
pression of the suprascapular nerve. The nerve is most fre-
quently injured at the suprascapular notch, but it can also be 
compressed at the spinoglenoid notch. Suprascapular nerve 
entrapment is also caused by rotator cuff tears with signifi-
cant retraction, labral tears with cysts, and other mass lesions. 
Overhead activities are associated with suprascapular nerve 
entrapment [1, 11]. Table 56.7 describes the various diagno-
ses on the differential of suprascapular nerve entrapment.

Anatomy The suprascapular nerve arises from the upper 
trunk of the brachial plexus and receives innervation from 
the C5 and C6 roots. It travels posterior to the trapezius and 
clavicle on its path to the superior scapula. The nerve goes 
under the transverse suprascapular ligament at the supra-
scapular notch as it enters the scapular region. The trans-
verse suprascapular ligament is the most likely site of 
entrapment. The suprascapular nerve then gives off motor 

Fig. 56.9 Ulnar nerve highlighted in the cubital tunnel. Medial 
Epicondyle bony landmark is seen (ME). In dynamic US examination, 
subluxation of the ulnar nerve over the medial epicondyle can be easily 
seen. (Image courtesy of S.  Ali Mostoufi, MD, Boston Regenerative 
Medicine)

Fig. 56.10 US-guided perineural steroid injection of the ulnar nerve 
(UN) at the cubital tunnel. Needle tip (arrow) seen deep to the UN and 
slight hydrodissection is seen. Medial epicondyle’s (ME) bony land-
mark is noted. (Courtesy of S. Ali Mostoufi, MD Boston Regen)
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fibers to the supraspinatus before heading towards the more 
laterally located spinoglenoid notch. After traversing under 
the spinoglenoid ligament, the nerve supplies motor inner-
vation to the infraspinatus. Along its path, deep sensory 
innervation is given to the glenohumeral joint, acromiocla-
vicular joint, and coracoacromial ligament. It rarely pro-
vides cutaneous sensation to the lateral arm [1, 2, 11]. See 
Fig. 56.11 for further the path of the suprascapular nerve in 
the posterior shoulder.

56.7.4  Clinical Presentation

Pain is typically the presenting complaint. Due to the deep 
sensory nerve branches of the nerve, patients complain of the 
pain feeling deep and dull as opposed to a more superficial 
pain. It can start in the upper scapula region with radiation to 
the shoulder. Shoulder movements can worsen the pain, par-
ticularly overhead activities. Patients also frequently report 
weakness with an aspect of shoulder fatigability. Usually, no 
inciting event is reported, but some might report frequent 
overhead activities [1, 11].

56.7.5  Physical Examination

With physical examination, inspection can discover atrophy of 
the supraspinatus and infraspinatus. Palpation over the supra-
scapular notch can yield tenderness. Patients can have weak-
ness with shoulder abduction and external rotation due to the 
involvement of the supraspinatus and infraspinatus, respec-
tively. Sensation should be intact as the suprascapular nerve 
does not have cutaneous involvement. Upper extremity reflexes 
should be normal. Site of entrapment changes the physical 
exam findings: entrapment after the supraspinatus is supplied 
(such as in entrapment at the spinoglenoid notch) would lead to 
normal shoulder abduction strength and no atrophy of the 
supraspinatus. A thorough exam of the cervical spine and 
shoulder is required to help narrow the diagnosis [11].

56.7.6  Diagnostic Workup

Electrodiagnostic studies are the gold standard for diagnosis. 
Despite there being no cutaneous distribution to test, the 
other sensory nerves in the arm should be tested to rule out 
brachial plexopathy. Motor conduction studies should be 
performed as well, with stimulation over Erb’s point and 
recording the supraspinatus and infraspinatus. Motor studies 
may show decreased amplitudes and prolonged latencies. 
EMG of the supraspinatus and infraspinatus is key to diag-
nosing this disorder. Signs of denervation of those two mus-
cles would point toward suprascapular neuropathy [1, 2].

Table 56.7 Differential diagnosis of suprascapular nerve entrapment

AC joint injury Neuralgic 
amyotrophy

Cervical radiculopathy and brachial 
plexopathy

Rotator cuff injury

Glenohumeral osteoarthritis Shoulder labral tear

Suprascapular notch

Spinogleniod
notchSupraspinatus

muscle

Infraspinatus
muscle

Suprascapular nerve

Fig. 56.11 Suprascapular 
nerve path in the posterior 
shoulder
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Imaging Tests including radiographs, computed tomogra-
phy, ultrasound, and magnetic resonance imaging can dem-
onstrate the etiology of the entrapment, including fractures, 
ligament ossification, retracted rotator cuff tears, labral tears 
with cysts, and mass lesions [11].

56.7.7  Treatment

Conservative management involves avoiding overhead activ-
ities and utilizing physical therapy and nonsteroidal anti- 
inflammatory drugs. Physical therapy should focus on 
strengthening the shoulder and scapula musculature to 
improve motion and mechanics. If the patient fails conserva-
tive treatment or has a mass, then surgery is considered. 
These surgeries can decompress the entrapment and allow 
the nerve to heal. The surgical procedures can vary greatly 
based on the etiology of the problem and the location, but the 
release of the transverse scapular ligament is common [11]. 
If pain is a significant issue for the patient, then suprascapu-
lar nerve block or peripheral nerve stimulation are pain man-
agement treatment options [20] but they would not likely 
resolve any weakness.

56.8  Fibular Nerve Entrapment

56.8.1  Synonyms

• Peroneal neuropathy
• Foot drop
• Fibular neck entrapment

56.8.2  ICD-10 Codes

S84.10

56.8.3  Description

Fibular nerve entrapment is an injury to the fibular (pero-
neal) nerve at the fibular neck. The nerve travels superficially 
over the bone and is thus at risk at this location. Typically, 
both the deep and superficial peroneal nerves are involved 
[1]. Fibular nerve entrapment usually occurs after trauma or 
compression. Hospitalized patients with prolonged immobi-
lization may develop it due to lack of positional changes and 
weight loss during the hospitalization. Frequent leg crossing 
has also been associated with peroneal nerve injury. While it 
is possible for the fibular nerve also to get impinged deep at 
the ankle, it is extremely rare and will therefore not be dis-

cussed in this section [1]. Table 56.8 details the differential 
diagnosis of fibular nerve entrapment.

Anatomy The common peroneal nerve runs within the sci-
atic nerve in the thigh after arising from the L4-S1 nerve 
roots and traversing the lumbosacral plexus. The sciatic 
nerves divide into the tibial nerve and common peroneal 
above the posterior knee. Sensory innervation is given off to 
the lateral knee via the lateral cutaneous nerve of the knee 
before the peroneal nerve passes over the fibular neck. At the 
neck, the future nerve fibers that become the deep peroneal 
nerve are closer to the bone, while the fibers for the superfi-
cial peroneal nerve are further away. The common fibular 
nerve splits into the superficial peroneal nerve and deep 
peroneal nerve after crossing the fibular neck. The superficial 
nerve gives sensation to the middle and lower lateral calf and 
also innervates the peroneus longus and brevis. It ends as 
cutaneous nerves giving sensation to the dorsal foot. The 
deep peroneal nerve innervates the tibialis anterior, extensor 
digitorum longus, extensor hallucis longus, and extensor 
digitorum brevis while also giving sensation to the area 
between the first and second toes [1]. Figure 56.12 demon-
strates the path of the fibular nerve in the lower leg.

56.8.4  Clinical Presentation

Foot drop is a frequent presenting symptom. Patients report 
tripping while walking, ankle sprains, and foot slapping 
against the ground. About 80% of patients in one study 
reported sensory symptoms; pain was rare among the study 
group [12]. Loss of sensation occurs over the lateral distal 
leg and dorsal foot. Most present with acute onset of symp-
toms [12]. Recent significant weight loss causes the nerve to 
lose its protecting adipose tissue and could also be a part of 
the patient’s history [1].

56.8.5  Physical Examination

Physical examination is a vital step in differentiating fibular 
nerve entrapment from L5 radiculopathy or other more 
global processes such as peripheral neuropathy. Peroneal 
neuropathy at the fibular neck leads to weakness in ankle 
dorsiflexion, foot eversion, and toe extension, but no weak-

Table 56.8 Differential diagnosis of fibular nerve entrapment

L5 radiculopathy Peripheral neuropathy
Lumbosacral plexopathy Sciatic neuropathy
Piriformis syndrome Ischiofemoral impingement
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ness in foot inversion. Patients should not have proximal 
muscle weakness either, so evaluating strength at the hip and 
knee is an important part of the physical exam. Sensation 
should be normal in the upper thigh and over the lateral knee 
but can be diminished over the lateral calf and dorsal foot. 
Reflexes should be intact. Gait analysis can reveal methods 
to clear the dropped foot: hip hike, foot circumduction, step-
page gait [1].

56.8.6  Diagnostic Workup

Electrodiagnostic studies (EMG/NCS) are the most impor-
tant test for diagnosing fibular nerve entrapment. Slowing or 
conduction block across the fibular neck on peroneal motor 
nerve conduction studies (NCS) would signal neuropathy at 
this location. Decreased amplitudes can also be seen in axo-

nal loss. Recording at the tibialis anterior rather than exten-
sor digitorum brevis can be more revealing in peroneal motor 
NCS [1, 12]. The sural and tibial nerves should be evaluated 
as well to rule out a more widespread process. EMG should 
target the peroneal innervated muscles but must also test suf-
ficient muscles to rule out L5 radiculopathy, lumbosacral 
plexopathy, and sciatic neuropathy.

Ultrasound can be used if EMG/NCS does not pinpoint 
the location of the lesion or if a mass is suspected. MRI can 
also identify a mass lesion resulting in fibular nerve 
compression.

56.8.7  Treatment

Conservative management typically leads to improvement in 
patients. Physical therapy focusing on strengthening of the 
lower extremities is key as chronic foot drop positioning oth-
erwise leads to plantarflexion contracture [13, 17, 18]. 
Ankle-foot orthosis (AFO) should be considered in patients 
with significant foot drop. Two examples are pictured in 
Fig. 56.13. Functional electrical stimulation is an alternative 
to an AFO and generally leads to improved patient satisfac-
tion [19]. Padding can be added over the fibular head in 
patients with significant weight loss. Surgery for foot drop is 
typically only utilized in slowly progressing patients or those 
with masses identified [13]. One surgical option in cases of 
contractures is tendon transfer [17, 18]. For those with poor 
prognosis or more complete injuries, tibial nerve partial 
transfer to tibialis anterior has been successful [18].

Common fibular
nerve

Deep branch

Superficial branch

Fig. 56.12 Fibular nerve path and its branching in the lower extremity 
distal to the knee

Fig. 56.13 Ankle-foot orthoses. A solid plastic AFO and a carbon fiber 
AFO are two options for patients with foot drop
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56.9  Tarsal Tunnel Syndrome

56.9.1  Synonyms

• Tibial neuropathy
• Plantar neuropathy

56.9.2  ICD-10 Codes

G57.50

56.9.3  Description

Tarsal tunnel syndrome (TTS) is a neuropathy due to entrap-
ment of the tibial nerve at the medial ankle. The nerve gets 
compressed as it travels under the flexor retinaculum poste-
rior to the medial malleolus. TTS is rare, with most cases of 
an idiopathic etiology. Trauma has been associated with this 
entrapment. Masses can also cause impingement of the nerve 
[1, 13]. In Table 56.9, the differential diagnoses of tarsal tun-
nel syndrome are listed.

Anatomy The tibial nerve runs posterior to the medial mal-
leolus and passes under the flexor retinaculum at the ankle, 
entering the tarsal tunnel. This tunnel is similar to the carpal 
tunnel in that it contains more than just the nerve; the tibial 
artery and vein pass through the tunnel along with the flexor 
hallucis longus tendon, flexor digitorum longus tendon, and 
tibialis posterior tendon. As the tibial nerve passes through 
the tunnel, it begins to separate into its three distal branches: 
the medial calcaneal sensory nerve, the lateral plantar nerve, 
and the medial plantar nerve. In some instances, the nerve 
does not divide until it exits the tunnel. The medial calcaneal 
sensory nerve is the sensory innervation of the heel. The lat-
eral plantar nerve provides sensation to the lateral fourth toe 
and the fifth toe. It also has a motor component that inner-
vates some of the intrinsic muscles of the foot such as the 
abductor digiti quinti pedis. The medial plantar nerve inner-
vates the first three toes and the medial fourth toe while also 
innervating some of the intrinsic foot muscles including the 
abductor hallucis brevis and flexor hallucis brevis. The plan-
tar nerves also provide sensory innervation to the sole of the 
foot [1, 13]. Figure 56.14 shows the relationship of the tibial 
nerve in the tarsal tunnel.

56.9.4  Clinical Presentation

Patients often present with pain around the medial ankle, 
with some radiation into the sole. It is typically characterized 
as a burning sensation [14]. Some complain of loss of sensa-
tion over the heel or sole and might have wounds as a result. 
Patients could also report a history of ankle sprains or frac-
tures or could have a history of connective tissue disorders. 
Weakness is another presenting symptom but could be diffi-
cult for patients to notice; atrophy might be more easily 
noticeable to the patient [1].

56.9.5  Physical Examination

Inspection can yield atrophy of the intrinsic foot muscles. 
Strength is difficult to assess as the bulk of foot and toe 
strength comes from the larger muscles in the leg, which 
would not be affected by TTS. Decreased sensation over the 
sole of the foot could be the only significant abnormality on 
exam [1]. Tinel’s sign over the tarsal tunnel can be checked, 
but it is unreliable [14]. Achilles’ reflex should be normal, as 
it is innervated prior to the tarsal tunnel.

56.9.6  Diagnostic Workup

Electrodiagnostic studies are frequently utilized in diagnos-
ing TTS. However, it is a technically difficult study to per-
form and lacks evidence on the proper techniques. 
Side-to-side comparison must be performed of the medial 
and lateral plantar nerves, recording over the abductor hal-
lucis brevis and abductor digiti quinti pedis, respectively. 
Mixed studies can also be of diagnostic value. However, all 
three of these tests are frequently not obtainable in normal 

Table 56.9 Differential diagnosis of tarsal tunnel syndrome

Distal peripheral 
neuropathy

S1 radiculopathy

Lumbosacral 
plexopathy

Tendonitis of tibialis posterior

Plantar fasciitis Calcaneal bone spur
Ankle osteoarthritis Tendonitis of flexor hallucis longus, or 

flexor digitorum longus

Fig. 56.14 Short access US image of the tarsal tunnel. Content of the 
tunnel noted deep to flexor retinaculum which includes posterior tibial 
artery (PTA) and vein, tibial nerve, and flexor hallux longus tendon 
(FHL). Posterior tibial tendon (PTT) and flexor digitorum longus (FDL) 
are also seen more anterior in this cross section against the bony medial 
malleoli

D. P. Brown et al.
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patients. Routine sural, tibial, and peroneal nerve studies 
should also be evaluated to rule out a more diffuse process. 
EMG of the foot muscles has many issues associated with it 
including patient tolerance, activation of the muscle, and 
infection risk [1, 13].

Ultrasound has been shown to be extremely useful in the 
TTS diagnosis process, as visualization of the tibial nerve in 
the tunnel is typically straightforward. Evaluating the nerve 
and its surroundings can demonstrate abnormalities with the 
nerve itself and nearby structures that might be impinging on 
the nerve. The plantar fascia can also be evaluated, as plantar 
fasciitis could be the actual cause of symptoms. MRI can 
also be used to observe mass lesions [1, 14].

56.9.7  Treatment

Conservative management with footwear modifications and 
nonsteroidal anti-inflammatory medications are the first 
steps. In some cases, tight-fitting shoes are the causative 
agent, and adjustment can relieve the symptoms.

US-guided tarsal tunnel corticosteroid injections with or 
without hydrodissection can provide symptomatic relief. 
Image guidance reduces the risk of tendon or neural injury 
during percutaneous injections [21]. Hydrodissection of the 
nerve can release it from scar tissue and relieve compression. 
Persistent symptoms or identified masses require surgical 
intervention [13]. Endoscopic release has been demonstrated 
as a successful technique that is simpler than more tradi-
tional open surgeries [15].

56.10  Femoral Nerve Entrapment

56.10.1  Synonyms

Femoral neuropathy

56.10.2  ICD-10 Codes

G57.20

56.10.3  Descriptions

Femoral nerve entrapment is a neuropathy that most typi-
cally causes knee extension weakness. When the nerve is 
injured more proximally, hip flexion will be weak as well. 
Femoral neuropathy can be caused by many conditions: ret-
roperitoneal hematoma, compression at the inguinal liga-
ment due to an iliopsoas bursal enlargement or hematoma, 
penetrating groin trauma, hip arthroplasty, poor lithotomy 
positioning, inadvertent clamping during femoral artery pro-

cedures, or pelvic surgery. Isolated femoral nerve entrap-
ment is considered uncommon [1]. Table  56.10 lists other 
differential diagnoses that can present in a similar manner as 
femoral neuropathy.

Anatomy The femoral nerve arises from the L2, L3, and L4 
nerve roots. Axons traverse the lumbar plexus. In the retro-
peritoneal space, the nerve travels between the psoas and 
iliacus muscles, then under the iliacus fascia in the pelvis. It 
enters the thigh below the inguinal ligament and lateral to the 
femoral artery. The femoral nerve innervates the psoas and 
iliacus in the pelvis. In the thigh, the nerve innervates the 
four quadriceps muscles: the vastus lateralis, vastus media-
lis, vastus intermedius, and rectus femoris. It also innervates 
the pectineus and sartorius muscles. Sensory branches sup-
ply medial sensation to the thigh from the medial cutaneous 
and intermediate cutaneous nerves. The distal medial thigh 
and medial lower leg sensation is supplied by the saphenous 
nerve which is a terminal branch of the femoral nerve [1, 16]. 
Figure 56.15 details the path of the femoral nerve through 
the thigh.

Table 56.10 Differential diagnosis of femoral neuropathy

Femoral 
amyotrophy

Multifocal motor neuropathy

L3/L4 
radiculopathies

Hip/knee/pelvis disorders associated with pain 
or weakness

Lumbar 
plexopathies

Myopathies

Fermoral nerve

Sartorius muscle

Pectinius muscle

Quadriceps muscle

Saphenous nerve

Fig. 56.15 Path of the femoral nerve through the proximal thigh

56 Entrapment Syndromes
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56.10.4  Clinical Presentation

Femoral nerve entrapment presents with weakness in knee 
extension. Buckling of the knee is common. Dragging the 
leg and weakness of the hip in flexion can occur with proxi-
mal nerve involvement. Some sensory involvement in the 
medial thigh and medial lower leg may be present.

56.10.5  Physical Examination

Examination will find weakness in knee extension and per-
haps hip flexion with an absent or diminished patellar reflex. 
Sensory may be impaired in the medial thigh and medial lower 
leg [1]. A thorough examination of the lumbar region and 
lower limbs is needed to rule out other causes of weakness.

56.10.6  Diagnostic Workup

Electrodiagnostic studies are useful to diagnose and exclude 
other causes of weakness. A comparative side-to-side femo-
ral motor study may show significant amplitude differences. 
EMG must sample at least two femoral innervated muscles 
and also muscles innervated by nerves outside of the femoral 
nerve in order to isolate a femoral neuropathy. Saphenous 
sensory studies may be helpful in the diagnosis but are often 
difficult to obtain [1, 16].

Ultrasound may reveal a swollen and heterogeneous 
appearing femoral nerve at the site of pathology or disrup-
tion of the nerve. It can also reveal masses and hematomas at 
the site of pathology [1].

56.10.7  Treatment

Treatment is dependent on the cause of the neuropathy. 
Conservative care includes therapeutic modalities, strengthen-
ing, and gait training with devices. Bracing includes the appli-
cation of a knee-ankle-foot orthosis. Crutches or canes may 
also be needed for stability. Conservative management usually 
leads to some improvement within 2 years [16]. Surgical inter-
vention may be required for decompression of hematomas or 
masses or to relieve scar tissue as in a neurolysis.
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57.1  Intercostal Neuralgia

Kevin Zhang and S. Ali Mostoufi

57.1.1  Synonyms

• Intercostal neuropathy
• Intercostal neuritis

57.1.2  ICD 10 Code

• G58.0

57.1.3  Description

Intercostal neuralgia is a painful condition originating from 
intercostal nerves. When the intercostal nerve is injured or 
inflamed, it will generate pain in that specific nerve distribu-
tion and along the edge of the adjacent rib, wrapping anteri-
orly. Intercostal neuralgia manifests as a neuropathic pain, 
which could be sharp, shooting, burning, or paresthesia, trav-
eling along a single or multiple thoracic dermatome(s).

57.1.3.1  Anatomy
The term “intercostal” refers to the space between two ribs, 
starting from the costovertebral junction to the costosternal 
junction. Intercostal nerves arise from the anterior rami of 
thoracic spinal nerves at the respective level T1 through T11, 
while T12 is known as the subcostal nerve. Intercostal nerves 
are subdivided into typical and atypical nerves. Typical inter-
costal nerve stay within their intercostal space (T3–6), and 
atypical intercostal nerves (T1–2, T7–11) entirely or par-
tially travel beyond the intercostal space and innervate loca-
tions such as the upper abdominal wall and axilla [6].

Typical intercostal nerves and the intercostal vessels 
travel under the inferior border of the rib with a fibrous 
sheath in the subcostal groove. The subcostal groove is 
between the innermost intercostal muscle and the internal 
intercostal muscle. The branches of typical intercostal nerves 
include gray rami communicantes (connect with the sympa-
thetic chain), the muscular branches (innervates the intercos-
tal muscles), the collateral branch, the lateral cutaneous 
branch, and the anterior cutaneous branch [7]. Atypical inter-
costal nerves T7–T11 and subcostal nerve have a similar 
path as the typical intercostal nerve but continue on to inner-
vate the abdominal wall. These nerves take a 90-degree turn 
at the border of the rectus abdominis and are a common site 
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of entrapment syndrome known as anterior cutaneous nerve 
entrapment syndrome [8].

57.1.3.2  Etiology
Although it can be idiopathic, common etiologies of inter-
costal neuralgia include direct nerve injury, stretching, 
entrapment, and inflammation [1]. Direct nerve injury can be 
due to physical trauma (penetrating injury, gun shot, dis-
placed rib fracture) or iatrogenic (thoracotomy, median 
 sternotomy, mastectomy, and chest tube placement). 
Stretching injuries can be from traction from pregnancy 
(gravid uterus). Intercostal nerve entrapment may be due to 
anatomical compression by neoplasm, sarcoidosis, and pleu-
ral mesothelioma. Inflammatory etiology of intercostal neu-
ralgia is commonly from herpes zoster (HZ) infection (acute 
reactivation of dormant zoster virus) and/or chronic post-
herpetic neuralgia [1]. Differential diagnosis of intercostal 
neuralgia is in Table 57.1.

The two most common and well-documented etiologies 
are thoracotomy and herpes zoster (HZ) infection.

 1. Post-thoracotomy pain syndrome (PTPS) is defined as 
“pain that persists along a thoracotomy incision at least 
two months following the surgical procedure” [2]. 
Thoracotomy causes direct damage to the nerve or the sur-
rounding structures, with subsequent scaring resulting in 
inflammation and entrapment. Systematic reviews have 
shown that approximately 50% of patient reports chronic 
pain after thoracotomy at 3 and 6 months [3]. Rogers et al. 
demonstrated that intercostal nerve injuries routinely occur 
due to rib retraction during thoracotomy by measuring 
intercostal nerve motor evoked potentials intraoperatively. 
Before and after entering the pleural space, intercostal 
nerves were functioning normally. After the rib retractor 
was removed, a total conduction block was seen in the 
nerve above and below the level of incision in most patients. 
Additionally, no intercostal nerve impairment was seen in 
a patient in which rib retractors were not used [4].

 2. Herpes zoster (HZ) infection causes intercostal neuralgia 
acutely with reactivation and chronically with post- 
herpetic neuralgia. Reactivation and replication of domi-
nant HZ virus in the dorsal root ganglia will cause 

inflammatory nerve damage along that dermatome. 
Inflammation or nerve damage leads to cytokine release 
and demyelination leaving the axons exposed, causing 
inappropriate upregulation and activation of ion channels 
and inappropriate action potentials generated, resulting in 
pain [5, 17]. Over time, this can lead to central sensitiza-
tion resulting in continued pain despite resolution of the 
acute reactivation of the herpes zoster virus.

57.1.4  Clinical Presentation

When evaluating for intercostal neuralgia, history is of 
utmost importance. The condition manifests itself as a uni-
lateral neuropathic pain, which could be described as sharp, 
shooting, tightness, burning, numbness, and paresthesia, 
traveling in a band-like pattern in a single or multiple tho-
racic dermatome. The pain can be worsened with physical 
activity and sharp body movements (i.e., rotation, lateral 
flexion, flexion, and extension). Also, patients can complain 
of pleuritic-type chest pain, referring under the scapula, 
upper back, and axilla. Timing of onset and specific events 
such as trauma, surgeries, and shingles can help with the dif-
ferential. However, for some, the onset of pain may be more 
insidious with no identifiable preceding event.

57.1.5  Physical Examination

Visual inspection of the chest or abdominal may reveal skin 
discoloration, scar from prior surgeries, or healed shingles 
lesions (read or pale). Abdominal wall bulging can be a sign 
of intercostal nerve injury due to muscle weakness [1]. 
Sensory examination of the affected dermatomes may reveal 
sensory deficits as well as allodynia or hyperalgesia. Palpation 
over thoracic or upper abdomen may reproduce their usual 
neuropathic pain or accentuate it. Pain can be induced with 
trunk rotation, forward and lateral flexion, and/or extension.

57.1.6  Diagnostic Workup

Diagnostic workup should be conducted based on history 
and physical examination. In the cases of trauma, X-rays or 
CT or ultrasound scans can help with ruling out rib fractures, 
foreign bodies, as well as other cardiopulmonary or visceral 
pathologies. In patients with history of or suspicious of 
malignancies, MRIs may be considered. Ultrasound exami-
nation is useful in visualizing the intercostal nerve and 
potential site of compression. Clinicians use image-guided 
diagnostic intercostal nerve block as a specific diagnostic 
test for this condition, but addition of corticosteroid may pro-
vide therapeutic value as well.

Table 57.1 Differential diagnosis of intercostal neuralgia

Thoracic radiculopathy
Cholecystitis
Costochondritis (Tietze syndrome)
Hepatic disease
Malignant neoplasm
Pleurisy
Pneumothorax
Referred pain (cardiac, pulmonary, vascular, GI)
Rib contusion or fractures
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57.1.7  Treatment

57.1.7.1  Medical Management
Initial management should be conservative and include phar-
macological and non-pharmacological interventions. Topical 
medications have fewer systemic side effects and can be 
effective including topical analgesics, capsaicin cream, and 
transdermal lidocaine patch. Oral acetaminophen and non-
steroidal anti-inflammatory drugs can help with mild to 
moderate pain and especially with inflammatory cases. 
Typically, antiepileptics (such as gabapentin and pregabalin) 
are first-line in treating neuropathic pain in intercostal neu-
ralgia and have low side effect profile. Alternative choices 
include tricyclic antidepressants such as amitriptyline and 
nortriptyline, although they have known anticholinergic side 
effects (dry mouth, constipation, sedation, and urinary reten-
tion). Other options include selective norepinephrine repu-
table inhibitors (such as duloxetine) and selective serotonin 
reputable inhibitors (such as fluoxetine). More severe or 

intractable intercostal neuralgia can be addressed with nar-
cotics; however, this should be a temporizing measure while 
treating with other interventions. Non-pharmacological 
interventions include behavior therapy, acupuncture, and 
physical and occupational therapy.

57.1.7.2  Rehabilitation
Physical and occupational therapy can help with the manage-
ment of intercostal neuralgia through desensitization tech-
niques, relaxation therapy, exercises, and other modalities. 
Application of heat and cold therapy, kinesiology tape, and 
transcutaneous electrical nerve stimulation (TENS) can pro-
vide relief. In patients with lower thoracic nerve root involve-
ment (traumatic), abdominal muscle weakness can be expected. 
Stretching and strengthening exercises should focus on the 
anterior and posterior chest muscles to improve posture and 
encourage deep breathing. Additionally, patients can become 
deconditioned due to the fear of avoidance behavior, thus it is 
important to maintain the patient’s physical activity (Fig. 57.1).

Fig. 57.1 Kinesiotaping and chest wall stretching. (Images courtesy of Dr. Tim Tiu, University of Miami)
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57.1.7.3  Procedures

Intercostal Nerve Block
Landmark based or image-guided intercostal nerve block 
with anesthetics and steroid can provide immediate diagnos-
tic value and therapeutic effect that may last several weeks. 
Fluoroscopy or ultrasound can be used as image guidance, 
both of which increase accuracy of needle placement and 
enhance safety.

For blind block (landmark-based), the most common site 
is at the angle of the rib about 7 cm lateral to the spinus pro-
cess of target level in adults using a 1.5–2 inch (5 cm) 22–27 
gauge (for single-shot injection) short-bevel needle. The 
needle is advanced until it contacts the rib typically at depth 
of less than 1 cm. The needle is then gently walked caudally 
off the rib. The needle is then advanced with a cephalad tilt 
angle until a subtle “give” or “pop” of the fascia of the inter-
nal intercostal muscle is felt. A peripheral nerve stimulator 
may aid in confirmation. After negative aspiration, local 
anesthetic and steroid are injected. Since this approach has a 
significant risk of pneumothorax, an alternative approach, 
placing the needle more parallel to the bottom of the rib, slid-
ing the needle up underneath the inferior edge of the rib has 
been proposed [9].

Image-guided intercostal block can be done with fluoros-
copy or ultrasound. It allows accurate needle placement and 
decreases the risk of complications such as pneumothorax 
and vascular uptake of injectate. Fluoroscopy allows visual-
ization and localization of the needle in relation to the rib, 
potentially decreasing the risk of pneumothorax. Use of con-
trast will confirm the extravascular perineural spread of 
injectate (Fig. 57.2). Ultrasound needle guidance (in-plane) 
allows real-time visualization of pleura, two adjacent ribs, 
three layers of the intercostal muscles (external, internal, and 

innermost), and neurovascular bundle. Using ultrasound, 
while performing the block, dramatically decreases the risk 
of pneumothorax and vascular injury, as the needle tip is kept 
superficial to the pleura and away from vasculature. In addi-
tion, using ultrasound eliminates exposure to radiation, as 
compared to fluoroscopy guided blocks [10].

Pulsed Radiofrequency (RF) Lesioning
Pulsed RF is a nondestructive technique with utility in treat-
ing intercostal neuropathic pain with durable pain relief. 
Pulsed RF in intercostal neuralgia can provide significant 
improvement of postherpetic pain and patient’s quality of 
life, however, duration of relief varies from study to study 
[10, 11]. The mechanism of pulsed RF is not well under-
stood. A popular theory suggests rapidly changing electric 
fields produced by RF generators alter the transmission of 
pain signals via a pathway involving c-Fos, a so-called 
immediate-early gene. The c-Fos expression is not 
temperature- dependent but rather induced by pulsed electri-
cal fields. Enhancement of noradrenergic and serotonergic 
descending pain inhibitory pathways is also postulated [10]. 
Pulsed radiofrequency can also be done with either fluoros-
copy or ultrasound guidance.

Cryoablation
Cryoablation is another method of interrupting the periph-
eral nerve’s ability to transmit pain by freezing it. One of 
the most common applications of cryoablation is in inter-
costal neuralgia. A 14-gauge angiocath is introduced under-
neath in the inferior edge of the rib with fluoroscopy [12]. 
A retrospective study showed the 60% of patients reported 
an immediate decrease in their pain after the procedure and 
approximately 50% had sustained relief 3  months after-
ward [13].

Fig. 57.2 Needle placement with contrast enhancement prior to RF ablation in patient with rib fracture. (Source: Authors film library)

S. A. Mostoufi et al.



587

Thermal Radiofrequency Ablation
Image-guided thermal RFA, a technique using heat gener-
ated from medium frequency alternating current (250–
500  kHz), is used to induce cell death from coagulation 
necrosis. The technique and location of probe placement are 
similar to cryoablation. Case series have shown long-term 
pain relief for patients and serve as a possible intervention 
option [14]. Thermal RF may result in unpleasant dysesthe-
sia, if partial burn is achieved.

Chemical Neurolysis
This is a rare method to treat intercostal neuralgia and may 
be considered in patients with malignancy involving the 
chest wall. Alcohol and phenol are the preferred agents, and 
both may be irritating to the surrounding tissue and cause 
initial increased pain [15].

Neuromodulation
Neuromodulation has been established as a non- 
pharmacological procedural option for neuropathic pain. It is 
separated into peripheral or central and noninvasive vs inva-
sive neuromodulation. Peripheral noninvasive neurostimula-
tion includes TENS, as discussed earlier. More invasive 
peripheral neuromodulation includes dorsal root ganglion 
(DRG) stimulation. Central neurostimulation includes spinal 
cord stimulator (SCS) [16]. The neuropathic component of 
intercostal neuralgia can be treated with neuromodulation 
after a successful trial lead placement resulting in significant 
pain relief and improved function. Both paresthesia based 
and high frequency neuromodulation techniques can be 
offered to patients.

57.1.7.4  Surgery
Surgery is rarely indicated. Surgical neurectomy, dorsal rhi-
zotomy, or sensory ganglionectomy cause irreversible sen-
sory and neurological deficits.

57.2  Phantom Limb Pain

Tony K. George

57.2.1  ICD-10

• G54.6

57.2.2  Synonyms

• Phantom limb syndrome

57.2.3  Definition

Phantom limb pain (PLP) is defined as unprovoked pain 
experienced in an amputated limb. It is a perception of neu-

ropathic pain, paresthesia, or abnormal sensation in the 
dimension of a previously existing limb. Related but distinct 
is stump nociceptive pain localized to the residual limb pro-
voked by pressure or traction. Previously known as phantom 
limb phenomenon, it was first described in 1551 by a French 
military surgeon on his treatise on gunshot wounds [18]. The 
phenomenon was understood to have distinct parts, i.e., 
phantom limb pain and phantom limb sensation.

Phantom limb pain (PLP) is commonly seen after limb 
amputations but also experienced after removal of organs 
including the breast, liver, testicle, or eye [19]. PLP is preva-
lent in up to 80% of post-amputee patients [3]. Limb amputa-
tions result from peripheral vascular disease, trauma, or 
malignancy, where amputations from diabetic-related vascu-
lar disease is a primary cause [20]. Diabetic patients often 
have preexisting pain in the limbs from peripheral neuropa-
thy, and studies show pain prior to amputation is a risk factor 
for PLP [21]. Children with congenital limb deficiency or 
amputations experience phantom limb pain less frequently. 
Other risk factors for PLP include double amputations, 
shorter residual limbs, perioperative gangrene, and pro-
longed time interval between amputation and fitting of 
prosthesis.

Peripheral and central pathways influence PLP. Pain orig-
inates from developing neuromas around severed nerves dur-
ing amputation. Disorganized axonal sprouting occurs at the 
distal end of the severed nerves, creating afferent impulses 
which ascend and reorganize the central pathways in the spi-
nal cord and brain cortex. Through peripheral and central 
sensitization, neuronal reorganization occurs.

57.2.4  Clinical Presentation

Phantom limb is a subjective perception of neuropathic pain/
sensation in the setting of an amputated limb. Phantom limb 
neuropathic symptoms include stabbing, burning, gnawing, 
and sharp tingling along with hyperesthesia and allodynia 
features located where the amputated limb preexisted. 
Patients may feel that the limb is still attached and working 
normally and may even perceive clothing and presence of 
rings/jewelry on the amputated limb.

57.2.5  Physical Examination

Inspection would reveal an amputated limb. Stump palpation 
or percussion may elicit painful responses from nearby neu-
roma. Skin texture may display hypertrophic changes with 
hyperesthesia or allodynia to light touch. Tenderness and 
warmth to touch with a palpable mass around the stump 
should raise concerns for heterotrophic ossification. Rarely a 
well circumscribed tender erythematous lesion may be an 
indication of choke syndrome from tight prosthesis.
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57.2.6  Imaging

Radiographic testing is considered to rule out pain genera-
tors such as radiculopathy, tumor, or infection. Non-contrast 
MRI of lumbar spine is diagnostic for lumbar radiculopathy, 
and musculoskeletal ultrasound or MRI of extremity identi-
fies soft tissue tumors and neuromas. For clinical suspicion 
of osteomyelitis, bone scan or MRI with contrast is the imag-
ing modality of choice.

57.2.7  Treatment

57.2.7.1  Medical Management
Non-painful phantom limb sensation may not require treat-
ment. Painful phantom limb requires a multidisciplinary 
approach starting with proper stump care in the acute and 
subacute settings after amputation. Crucial in early stages 
are edema control and skin care to prevent residual limb 
issues including pain. Graded motor imaging, mirror box 
therapy, and hypnosis have been effective in reducing phan-
tom limb pain. Utilizing a mirror’s reflective effects to visu-
alize an absent limb helps brain reorganization and reduces 
aberrant sensory perception [22]. Pre-amputation counsel-
ling was associated with less likelihood of developing PLP, 
and desensitization with TENS unit can be effective for its 
management [23].

Medication appropriateness depends on the timeline 
from surgery to onset of PLP. The literature suggests PLP 
can arise a week after amputation [24]. During periopera-
tive periods nociceptive pain predominates neuropathic 
pain. Evidence suggests opioid medications and IV ket-
amine are effective in optimizing pain control. Studies also 
suggest postoperative IV calcitonin may be effective in 
reducing onset of PLP [24]. Neuropathic medications are 
first-line medications for PLP where gabapentin has level II 
evidence for managing pain of intermediate chronicity 
[24]. With high incidence of depression in the amputee 
population, duloxetine is effective for its dual affective and 
neuropathic pain properties. Chronic opioid medication 
should be used with caution as preoperative opioid depen-
dence is a risk for continuing dependence after 
amputation.

57.2.7.2  Procedures
Evidence is limited for interventional pain blocks including 
epidural injection or localized blocks to alleviate PLP; 
however, some evidence supports epidural anesthesia with 
bupivacaine or morphine perioperatively. Peripheral nerve 
stimulation, neuromodulation, and DRG stimulation may 
provide neuropathic pain relief in severe cases; however, 
data to support spinal cord stimulation is limited at this 
time [25].

57.2.7.3  Rehabilitation
Early rehabilitation improves function in the long run. 
Physical therapists work with the patient as early as the first 
few days after amputation and focus on transfers, stump 
management, proper prosthetics use, gait training, early 
ambulation, and continued strengthening of residual limb 
muscles and spine. Collaboration between prosthetist, physi-
cal therapist, occupational therapist, pain specialist, and 
PM&R specialist will result in the best overall outcome.

57.3  Genitofemoral Neuropathy

Emanuel Mostoufi

57.3.1  Synonyms

• Genitofemoral neuralgia
• Genitofemoral nerve entrapment
• Genitofemoral nerve compression

57.3.2  ICD 10 Codes

• G57.20–23

57.3.3  Description

Genitofemoral neuropathy (GFN) is characterized by cuta-
neous pain along the region of the inner thigh and groin typi-
cally caused by iatrogenic injury to the genitofemoral nerve. 
This condition often leads to chronic pain and significantly 
impacted quality of life in patients [26].

57.3.3.1  Anatomy
The genitofemoral nerve forms from the L1 and L2 ventral 
rami and gives rise to the genital and femoral branches after 
passing through the psoas muscle. The femoral branch 
pierces through the fascia lata, journeys through the femoral 
sheath, and provides cutaneous sensation to the anterior 
upper thigh. The genital branch travels through the inguinal 
canal and supplies sensation to the medial aspect of the thigh 
and the scrotum; the genital branch also provides motor 
innervation to the cremaster muscle in males and sensory 
innervation to the labia majora and mons pubis in females 
[27]. There is significant overlap in innervation between the 
genitofemoral, iliohypogastric, and ilioinguinal nerves; thus, 
it can be clinically difficult to distinguish which nerve is 
responsible for the patient’s symptoms.

57.3.3.2  Etiology
The most common cause of GFN is iatrogenic often from 
direct injury or nerve entrapment from a surgical procedure. 
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The most common surgical procedures associated with this 
condition are C-section, hysterectomy, trans-obturator sur-
gery, and inguinal hernia repair. Other potential causes 
include postsurgical hematoma, or adhesions and psoas 
abscess/entrapment [28].

Differential diagnosis for genitofemoral neuropathy is 
given in Table 57.2.

57.3.4  Clinical Presentation

Patients with genitofemoral neuropathy present with ingui-
nal pain or burning sensation with associated sensory 
changes in the region; the pain will often radiate to upper 
middle thigh and to the patient’s genitalia (scrotum, vagina, 
labia majora) [27]. Standing, walking, and extension of the 
thigh may worsen symptoms, conversely lying down and 
flexion of the thigh provides relief.

57.3.5  Physical Examination

Visual Observation Observe the patient’s preferred position 
of comfort which may include a bent over position (lumbar 
extension aggravates symptoms). Thorough inspection may 
reveal clues to rule in/out other diagnoses (e.g., visible defect 
from an inguinal hernia).

Palpation Given the proximity of the psoas muscle to the 
nerve, palpation of this muscle or its activation may worsen 
symptoms. In women, test for pain to palpation of the lateral 
vulva or the

Sensory Testing Test for sensory loss along the border of 
the abdomen and thigh, groin, anterior proximal thigh, and 
lateral scrotum or labia majora.

Range of Motion Assess for worsening of pain as the 
patient transitions from a seated to a standing position.

Reflexes Loss of cremasteric reflex (in males), assessed by 
stroking the inner part of the thigh in a downward direction, 
may be a finding in severe neuropathy [28].

57.3.6  Diagnostic Workup

EMG May be helpful in distinguishing lumbar plexopathy 
vs GFN (GFN should not have significant motor impair-
ment) [27].

Ultrasound May reveal scarring along the nerve or local 
compression with nerve enlargement

MRI To assess for mass, abscess, or hematoma resulting in 
nerve entrapment

Response to Nerve Block No benefit is noted from selective 
ilioinguinal nerve or L1/L2 nerve block root block [29]. 
Patient may have symptomatic relief from US-guided geni-
tofemoral nerve block. Hydrodissection may add some value 
and prolong the effect of the nerve block.

57.3.7  Treatment

57.3.7.1  Medica Management
Topical lidocaine patches, tricyclic antidepressants as first 
line. Other considerations include NSAIDs, anticonvulsants 
(gabapentin), SSRI/SNRIs, and N-methyl-D aspartate antag-
onists [27].

57.3.7.2  Procedures
Nerve block (corticosteroid + lidocaine), ultrasound-guided 
radiofrequency ablation or cryoablation of the nerve’s myelin 
sheath and axon [30].

57.3.7.3  Surgery
Can be considered if limited response is noted from non-
surgical management. Neurectomy of GFN can be per-
formed via minimally invasive endoscopic retroperitoneal 
approach [27].

57.4  Ilioinguinal Neuropathy

Emanuel Mostoufi

57.4.1  Synonyms

• Ilioinguinal neuralgia
• Ilioinguinal nerve entrapment
• Ilioinguinal nerve compression

Table 57.2 Differential diagnosis for genitofemoral neuropathy

Ilioinguinal neuropathy Lumbar plexopathy
Iliohypogastric neuropathy Inguinal hernia
Appendicitis Salpingitis
Ovarian pathology Epididymitis or orchitis
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57.4.2  ICD 10 Codes

• G57.80–83

57.4.3  Description

57.4.3.1  Anatomy
The ilioinguinal nerve, a branch of the first lumbar nerve 
(L1), navigates through the transversus abdominis muscle 
and into the inguinal canal to supply sensory innervation to 
the superomedial region of the thigh, the pubis, the scrotum, 
and the labia majora [31].

57.4.3.2  Etiology/Pathophysiology
Ilioinguinal neuropathy is a common cause of lower abdomi-
nal pain which originates at the anterior superior iliac spine 
and radiates to the groin. Caused by entrapment of the ilioin-
guinal nerve, it is a rare but disabling cause of chronic neu-
ropathic pain with the potential of significantly affecting 
quality of life [29]. The etiology of ilioinguinal neuropathy is 
usually iatrogenic, caused by injury to the nerve intraopera-
tively, i.e., during an inguinal hernia repair or other abdomi-
nal surgery. In the postoperative period, this condition may 
be caused by adhesions or formation of neuromas [29, 32]. 
Differential diagnosis for Ilioinguinal neuropathy is given in 
Table 57.3.

57.4.4  Clinical Presentation

Patients often present with tenderness to the iliac fossa which 
radiates to the groin, scrotum, labia majora, and the upper 
inner portion of the thigh [29]. They may also present with 
hyper/hypo- or dysesthesia distributed over the cutaneous 
regions innervated by the nerve (L1 dermatome). Finally, 
there may be a painful trigger point medial and below the 
anterior superior iliac spine. Aggravating factors include 
ambulation, hyperextension of the hip, and lying-in supine 
position; alleviating factors include hip flexion [29]. The 
symptoms of ilioinguinal neuropathy overlap with those of 
genitofemoral neuropathy making it difficult to distinguish 
these conditions from clinical examination alone.

57.4.5  Physical Examination

Visual Observation Observe the patient’s preferred position 
of comfort which may include a bent over position (lumbar 

extension aggravates symptoms). Thorough inspection may 
reveal clues to rule in/out other diagnoses (e.g., visible defect 
from an inguinal hernia).

Palpation Palpate for tenderness inch medial and inferior to 
the anterior superior iliac spine (trigger point) [33].

Sensory Testing Test for sensory loss along the border of 
the abdomen and thigh, groin, anterior proximal thigh, and 
lateral scrotum or labia majora.

Range of Motion Assess for worsening of pain as the 
patient transitions from a seated to a standing position.

57.4.6  Diagnostic Workup

 1. Response to nerve block: Response to anesthetic injection 
into the area of maximum tenderness (the neurovascular 
foramina medial to the anterior superior iliac spine) indi-
cates ilioinguinal nerve pathology [34].

 2. EMG: Not specific for ilioinguinal pathology but may 
help in excluding other mimicking conditions, e.g., lum-
bar radiculopathy or plexopathy [35].

 3. MRI: Mainly to exclude lumbar radiculopathy.

57.4.7  Management

Medical Management Topical lidocaine patches, tricyclic 
antidepressants. Other considerations include NSAIDs, anti-
convulsants (gabapentin), SSRI/SNRIs, and N-methyl-D 
aspartate antagonists [27].

Procedures Ultrasound-guided nerve block; interrupts neu-
ronal transmission leading to pain relief. It can serve both as 
a diagnostic tool and a therapeutic procedure [34].

Surgical Neurectomy of ilioinguinal nerve can be per-
formed if other pain management techniques fail [32].

57.5  Lateral Femoral Cutaneous 
Neuropathy

Emanuel Mostoufi

57.5.1  Synonyms

• Meralgia paresthetica
• Anesthesia dolorosa of Lateral femoral cutaneous nerve
• Bernhardt-Roth syndrome
• Lateral femoral cutaneous nerve syndrome
• Lateral femoral cutaneous neuralgia

Table 57.3 Differential diagnosis for ilioinguinal neuropathy

Genitofemoral neuropathy Lumbar plexopathy
Iliohypogastric neuropathy Inguinal hernia
Appendicitis Salpingitis
Ovarian pathology Epididymitis or orchitis
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57.5.2  ICD 10 Codes

• G57.10–13

57.5.3  Description

Meralgia paresthetica is a condition that affects approximately 
4.3 cases/10000 population and is characterized by burning 
pain, paresthesias, and sensory loss along the anterolateral 
thigh [36]. It is caused by compression of the lateral femoral 
cutaneous nerve, a primary sensory nerve, which travels from 
its origins at the lumbar plexus, emerges at the lateral border 
of the psoas major, passing under the inguinal ligament and 
eventually into the subcutaneous tissue of the anterior thigh 
[37]. The etiology of this condition can be divided into iatro-
genic, idiopathic, and mechanical causes. Iatrogenic causes 
include damage to the nerve during surgery, most commonly 
hip joint replacement, and spine surgery and less commonly 
from laparoscopic appendectomies, C-sections, and gyneco-
logic surgery. Idiopathic causes most commonly include dia-
betes mellitus, lead poisoning, alcohol use disorder, and 
hypothyroidism and obesity (pendulum abdomen), and finally 
mechanical compression of the nerve from tight seat belts, 
belts or restrictive clothing, sudden weight gain (pendulum 
abdomen), and pregnancy [38]. Differential diagnosis for lat-
eral femoral cutaneous neuropathy is given in Table 57.4.

57.5.4  Clinical Presentation

The most common symptomatic description is unilateral 
burning pain, paresthesias, and sensory loss over the upper 
lateral thigh, with an acute to subacute onset over days to 
weeks [36]. As the lateral femoral cutaneous nerve provides 
only sensory innervation, there should be an absence of 
motor symptoms. Clinicians should pay attention to patients 
pointing to or rubbing their outer thigh to delineate the loca-
tion of maximal discomfort or numbness. It is important to 
assess tight-fitting clothing (e.g., belts, tight stockings, tight 
pants, or leggings) and inquire about change in BMI, or preg-
nancy. Symptoms may be aggravated by prolonged standing 
or walking and alleviated by sitting.

57.5.5  Physical Examination

Visual Observation Observe the patient’s preferred position 
of comfort which may include a bent over position. The 

patient may rub their lateral thigh indicating the location of 
discomfort (look for hair loss in this area from repeated rub-
bing) [36].

Palpation The examiner may find allodynia or pain by pal-
pating just medial to the anterior superior iliac spine.

Sensory Testing Test for unilateral sensory loss along the 
anterolateral thigh in an oblong pattern extending from the 
trochanteric region down to the lateral knee.

Special Tests
 (a) Pelvic compression test: patient lying in lateral decubi-

tus (symptomatic side facing up) with examiner apply-
ing downward pressure to the pelvis; an alleviation of 
symptoms is considered a positive test [39].

 (b) Tinel sign: Repeated tapping just medial to the anterior 
superior iliac spine (where the lateral femoral cutaneous 
nerve passes deep to the inguinal ligament); a reproduc-
tion of symptoms is a positive test [40].

57.5.6  Diagnostic Workup

EMG While EMG studies of the LCNT can be helpful in 
diagnosis, there can be limitations in performing this pro-
cedure especially on patients with increased adipose tis-
sue [41].

MRI Mainly to exclude lumbar radiculopathy.

Response to Nerve Block Response to anesthetic injection 
into the area where the LCNT exits the pelvis at the inguinal 
ligament is considered an affirmatory test for this 
condition.

57.5.7  Management

Medical NSAIDs, loosening of tight-fitting clothing/belts, 
and neuropathic medication are first-line treatments.

Rehabilitation No specific rehabilitation is indicated. 
Aerobic exercise with the goal of weight loss may be 
effective.

Procedures Ultrasound-guided nerve block or pulsed radio-
frequency ablation may be offered. Hydrodissection of the 
nerve may have additional value, but this is not well 
studied.

Surgical Decompression of the lateral femoral cutaneous 
nerve can be performed if other pain management techniques 
fail [41].

Table 57.4 Differential diagnosis for lateral femoral cutaneous 
neuropathy

Lumbar radiculopathy/plexopathy Chronic appendicitis
Metastasis of iliac crest Hip osteoarthritis
Pelvic tumors Femoral neuropathy
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57.6  Lumbosacral Plexopathy

Jeanie Cote, Ogochukwu Azuh and Kyungje Sung

57.6.1  Synonyms

• Lumbosacral plexus syndrome
• Lumbosacral plexus neuropathy
• Lumbosacral plexus neuritis
• Lumbosacral plexus disorder

57.6.2  ICD 10 Code

• G 54.1

57.6.3  Description

57.6.3.1  Anatomy
The lumbosacral plexus originates from the T12–S4 nerve 
roots and can be thought of comprising two plexi—the lum-
bar and the sacral (Figs. 57.3 and 57.4).

The lumbar plexus arises from the anterior rami of the 
L1–L4 root (a small contribution from T12). It gives rise to 
the iliohypogastric (T12–L1 roots), ilioinguinal (L1 root), 
genitofemoral (L1–2 roots), lateral femoral cutaneous (L2–3 
roots), obturator (L2–L4 anterior division), and femoral 
nerves (L2–L4 posterior division). The obturator and femo-
ral nerves are the major branches of the lumbar plexus and 
supply the muscles in the anterior and medial thigh, as well 
as sensation to these areas. The femoral nerve then branches 

into the saphenous nerve, which provides sensation to the 
anteromedial lower leg and foot.

The sacral plexus is made up of L5–S4 roots (an addi-
tional component from L4 root). Its major branches include 
the superior gluteal nerve (L4–S1), inferior gluteal nerve 
(L5–S2), sciatic nerve (L4–S2), posterior cutaneous nerve of 
the thigh (S1–3), and pudendal nerve (S1–S4) [42].

57.6.4  Types of Lumbosacral Plexopathy

When compared with brachial plexopathy, lumbosacral 
plexopathy is less common. This may be due to its position 
deep in the pelvis [45]. Clinically, lumbosacral plexopathies 
can be classified as affecting the lumbar or sacral plexus and 
whether the lesion is structural or nonstructural (i.e., causing 
mass effect) (Table 57.5).

Traumatic ethology such as penetrating (gunshot or punc-
ture wounds) or high-velocity injuries are rare, likely due to 
the location of the plexus [42].

Nontraumatic etiologies make up most of the causes of 
lumbar plexopathy with the most common being diabetes 
mellitus (also referred to as diabetic amyotrophy, Bruns- 
Garland syndrome, proximal diabetic neuropathy, and dia-
betic lumbosacral radiculoplexus neuropathy) [45]. Pelvic or 
hip joint fractures may cause lumbosacral lesions; as can 
immune-mediated or inflammatory disorders. Neoplasms 
can lead to lumbar plexopathy as tumors may invade or 
extend into the plexus. Over 80% of the tumors are due to 
colorectal, urogenital, prostates, lymphoma, and retroperito-
neal and pelvic sarcomas [42]. Metastatic disease from breast 
or lung cancer may result in lumbar plexopathy as well. 

Subcostal nerve (T12)
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Ilioinguinal nerve

Genitofemoral nerve

Lateral cutaneous
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Muscular branches to
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Fig. 57.3 Picture of the lumbosacral plexus. (From Neto et al. [57])
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Fig. 57.4 MRI of lumbosacral plexus. Shows L1–L4 nerve roots, femoral nerve, L5, S1 nerve roots, and sciatic nerve. (From Neto et al. [57])

Table 57.5 Causes of lumbosacral plexopathy

Category Examples
Trauma Posterior hip dislocation, sacral fracture, penetrating (gunshot or puncture wounds), high-velocity injuries
Inflammatory/
idiopathic

Diabetic lumbosacral radiculoplexus neuropathy (LSPRN), nondiabetic LSRPN, diabetic amyotrophy, sarcoidosis, 
amyloidosis, postsurgical inflammatory neuropathy

Neoplastic Metastatic disease (from breast or lung cancer), primary tumors (colorectal, cervix, uterus, ovary, prostate, 
lymphoma/leukemia, nerve sheath tumors, paraneoplastic, and retroperitoneal/pelvic sarcomas), endometriosis

Radiation Radiation-induced lumbosacral plexopathy
Infection Retroperitoneal abscess, psoas abscess, Lyme disease, VZV, Borrelia burgdorferi
Vascular Retroperitoneal hematomas (in setting of bleeding disorder or anticoagulation use), internal iliac artery or common 

iliac (pseudo) aneurysm
Iatrogenic Femoral artery catheterizations, abdominal or pelvic surgery, puncture for vascular access in groin
Pregnancy Postpartum lumbosacral plexopathy

Radiation treatment for malignancy in the lower abdomen 
and pelvic region can also result in radiation plexopathy. 
Large retroperitoneal hematomas (in the setting of anticoag-
ulation or bleeding disorders), large aneurysms, and 
abscesses may also cause lumbosacral plexopathy by com-
pression of nerves. Iatrogenic causes such as groin puncture 
for vascular access, pelvic/abdominal surgery, or intraopera-

tive patient positioning may also lead to injury of the lumbo-
sacral plexus. Lumbosacral plexopathy can also occur during 
the later stages of pregnancy and sometimes during delivery 
when the lumbosacral trunk is compressed between the fetal 
head and the maternal pelvic rim [45]. Idiopathic plexitis 
(neuralgic amyotrophy) can occur, causing severe, asym-
metrical leg pain, followed by asymmetrical multifocal 
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weakness and atrophy [47]. Differential diagnosis of lumbo-
sacral plexopathy is given in Table 57.6.

57.6.5  Clinical Presentation

Common symptoms include pain, sensory loss, weakness, 
and muscle atrophy. For lumbar plexus lesions, pain can 
occur in the pelvis with radiation to the anterolateral and 
medial thigh region. The quadriceps, hip adductors, and hip 
flexors are primarily affected. With sacral lesions, pelvic 
pain can occur and will radiate posteriorly into the thigh and/
or posterior-lateral calf. Weakness and sensory loss involve 
the posterior thigh, leg, and foot.

Timing of symptoms may differ depending on the etiol-
ogy of the lumbosacral plexopathy. With trauma, weakness 
and sensory deficits often occur after an inciting event. 
Diabetic and nondiabetic lumbosacral radiculoplexus neu-
ropathy share similar symptoms. Patients may experience 
“achy,” “stabbing,” or “burning” pain that may progress over 
days to weeks and spread to the thigh, leg, buttock, and back. 
It usually occurs unilaterally but can spread to the contralat-
eral limb. This is followed by weakness and atrophy. Weight 
loss and autonomic symptoms such as orthostasis, constipa-
tion, and urinary and sexual dysfunction have been observed 
[54]. With neoplastic lumbosacral plexopathy, pain (dull and 
achy) usually occurs first, but for a small subset of patients, 
weakness or paresthesia may be the presenting symptoms 
[42]. In radiation-induced lumbosacral plexopathy, symp-
toms such as weakness, pain, and sensory loss can occur 
months to years after the radiation treatment. Symptoms in 
the setting of abscess or aneurysms formation may occur 
gradually (weeks to months), and pain and weakness usually 
happen in the proximal extremity. In iatrogenic cases (sur-
gery, vascular procedures, femoral artery catheterizations), 
the onset and progression of symptoms will be rapid. In the 
case of maternal lumbosacral plexopathy, intermittent pain 

occurs first, and motor deficits such as a foot drop can appear; 
the symptoms dissipate after delivery and resolve within a 
few weeks [45]. Radiation-induced plexopathy generally 
presents as painless weakness.

57.6.6  Physical Examination

In addition to history, a complete neurological and musculo-
skeletal examination is key to diagnosing lumbosacral 
plexopathy. Inspection of lower limbs should be completed 
to observe for asymmetry and signs of muscle atrophy. A 
detailed sensory exam is paramount as many of the sensory 
nerves that arise from the lumbosacral plexus do not have 
standardized nerve conductions tests during electrodiagnosis 
[49]. Manual muscle strength, evaluation of reflexes, and 
dermatomes of the lower extremities can be tested bilaterally 
to see if any deficiencies exist. The patellar reflex may be 
decreased if the lumbar plexus is affected, and the hamstrings 
and Achilles’ reflex may be diminished if the sacral plexus is 
involved (Table  57.7). In lumbosacral plexopathy, lower 
motor neuron signs such as decreased muscle tone, and lower 
extremity weakness can be seen [49]. Range of motion test-
ing and provocative hip or knee can help exclude other MSK 
conditions that are in the differential diagnosis. Assessment 
of a gait pattern can highlight the affected muscles (i.e., foot 
drop), thereby helping to localize the lumbosacral plexus 
lesion.

57.6.7  Diagnostic Workup

57.6.7.1  Imaging
MRI is the imaging modality of choice when evaluating for 
plexus injuries or lesions. It can highlight intraneural anat-
omy and localize pathologic lesions in situations where 
physical exam and/or EMG findings are nonspecific [46] 
(Fig. 57.5). CT could be used to identify hematomas in the 

Table 57.6 Differential diagnosis of lumbosacral plexopathy

Amyotrophic lateral 
sclerosis (ALS)

Mononeuritis multiplex

Lumbar myelopathy Multifocal motor neuropathy with conduction 
block

Lumbar 
radiculopathy

MSK disorder involving the hip, knee (i.e., 
avascular necrosis, hip fracture, osteoarthritis, 
bursitis, tendinitis)

Demyelinating 
disease

Lower extremity mononeuropathy

Intracranial 
pathology

Lower extremity complex regional pain 
syndrome

Spinal muscular 
atrophy

Peripheral vascular occlusive disease

Polyneuropathy Infection: Guillain-Barré, chronic 
inflammatory demyelinating 
polyradiculoneuropathy, poliomyelitis

Table 57.7 Clinical manifestations of lumbosacral plexus lesions

Location Motor involvement
Sensory 
involvement

Reflex 
involved

Lumbar 
plexopathy 
(L2–L4 
predominantly)

Quadriceps, 
iliopsoas, and hip 
adductor muscles 
(femoral and 
obturator nerves)

Lateral, 
anterior, and 
medial thigh
Medial calf

Patella

Lower 
lumbosacral 
plexopathy 
(L4–S3)

Hip extensors 
(gluteus maximus), 
abductors and 
internal rotators 
(gluteus medius and 
tensor fascia lata)
Hamstrings (peroneal 
and tibial nerves)

Posterior 
thigh
Posterior- 
lateral calf
Foot

Achilles
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pelvis or muscle; however, MRI is generally more sensitive. 
Imaging is especially important if there is concern for neo-
plastic involvement (primary or metastatic) [44] (Fig. 57.6). 
Due to the deep location of the lumbar and sacral plexus, 
structures may not be accessible by ultrasound [43].

57.6.7.2  Electrodiagnostic Testing
With the use of nerve conduction studies (NCS) and needle 
electromyography, electrodiagnostic testing is useful 
in localizing lesions to the lumbosacral plexus. It can also 
help exclude lumbosacral radiculopathy or peripheral 
mononeuropathies, characterize the pathophysiology of 
the nerve injury, and comment on the severity and progno-
sis of the injured nerve. Due to the technically challenging 
nature of acquiring NCS (i.e., body habitus or patients 
with normal low or absent SNAP amplitudes), it is always 
recommended to compare extremities for side-to-side 
differences.

Motor studies to be performed include the tibial and pero-
neal nerves. Femoral motor studies can also be performed for 
suspected lumbar plexopathies. Sensory nerve conduction 
studies to be performed are superficial peroneal and sural 
sensory studies. Saphenous studies can also be performed for 
suspected lumbar plexopathy. When suspecting meralgia 
paraesthetica, a lateral femoral cutaneous sensory study can 
be performed. Decreased or absent sensory nerve action 
potentials (SNAP) suggest the lesion is localized at or distal 
to the dorsal root ganglion. Furthermore, tibial and peroneal 
F responses and H reflexes could be performed to evaluate 
for a proximal lesion.

NCS alone cannot differentiate a mononeuropathy from a 
plexopathy; hence, needle EMG is required. Though one 
needs to sample a variety of distal and proximal muscles 
innervated by different roots and nerves, key muscles to take 
note of are gluteal, thigh adductors and paraspinal muscles. 
Gluteal muscles can differentiate sciatic neuropathy from 

a b

c d

Fig. 57.5 MRN images in coronal STIR 3D SPACE MPR of patient 
with diabetic amyotrophy (a, b). L. femoral nerve (solid arrow) thick-
ening with inflammatory signs and diffuse edema throughout its course. 

(b) Fluid is seen around the muscle and along the neural path (star). (c, 
d) Obturator nerve (arrowhead) is thickened with inflammation. (From 
Neto et al. [57])
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lower lumbosacral plexopathy; thigh adductors can differen-
tiate femoral neuropathy from lumbar plexopathy; and 
 paraspinal muscles can differentiate nerve root from plexus 
lesions [53]. The findings of abnormalities on sensory NCS 
and the absence of lumbosacral paraspinal needle EMG find-
ings lend itself to a diagnosis of lumbosacral plexopathy. 
Myokymic discharges are commonly found in radiation 
related lumbosacral plexopathy.

The optimal time for electrodiagnostic study is at least 
3  weeks from symptom onset to allow enough time for 
Wallerian degeneration and denervation to occur. As nerves 
may take longer to heal and recover, serial electrodiagnostic 

studies may be necessary (over a period of 6 or more months) 
to make a definite prognosis in lumbosacral plexopathy [48].

57.6.7.3  Laboratory Studies
Depending on the suspected etiology, it may be prudent to 
acquire laboratory studies. In the case of hematoma or hem-
orrhage, trauma, or anticoagulation therapy, a complete blood 
count and coagulation panel will be helpful. In patients with 
diabetes, blood glucose and hemoglobin A1c may be helpful 
in assessing blood sugar control. Infectious etiologies may 
need to be ruled out with history of recent viral illness, skin 
involvement, or a history of inset bite. For suspected autoim-

a

c d

b

Fig. 57.6 MRN images in axial T1-weighted contrast-enhanced of 
patient with Hodgkin lymphoma (a) Large, lobular, contrasting, infiltra-
tive mass (solid arrow) to L. neural foramina and emergent nerve roots 
of L4–L5 and L5–S1, and bilaterally, in S1–S2 to S4–S5. (b–d) Diffuse 

involvement of the L. sacral plexus, proximal segments of the obturator, 
pudendal, and sciatic nerves (arrowhead). There are also signs of bone 
infiltration (wavy arrow). (From Neto et al. [57])
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mune or inflammatory diseases, inflammatory markers may 
be needed. Tests for neoplastic markers should be considered 
in suspected malignancy.

57.6.8  Treatments

57.6.8.1  Medical Management
Management of lumbosacral radiculopathy depends on the eti-
ology. For diabetic and nondiabetic lumbosacral radiculoplexus 
neuropathy, the underlying cause is microscopic vasculitis 
leading to nerve ischemia. Though immunotherapy such as 
methylprednisolone, immunoglobulin, and plasma exchange 
has been trialed, there is no agreed upon consensus for or 
against its use as treatment [55]. With neoplastic lumbosacral 
plexopathy, radiation and chemotherapy are used to treat the 
malignancy. If the lumbosacral plexopathy is caused by an 
infectious cause, treating the infection will be indicated.

Symptomatic management for pain in the acute setting 
should focus on decreasing inflammation and neuropathic 
pain. This includes the use of medications such as NSAIDS 
and, if severe, usage of opioids [43]. Due to its addictive 
potential, one should be weary of long-term opioid use. For 
neuropathic pain, medications such as antiepileptics (gaba-
pentin and carbamazepine), tricyclic antidepressants, or 
SNRIs can be tried.

57.6.8.2  Rehabilitation
The main goals of rehabilitation include preventing loss of 
function and maintaining range of motion. A dedicated home 
exercise program may be necessarily for patients with lum-
bosacral plexopathy to prevent loss of function, chronic pain 
and eventual debility. As weakness is commonly encoun-
tered, special focus on improving proximal lower extremity 
strength (including gluteus, adductor, hamstrings, and quad-
ricep muscle groups) is key. Rehabilitation should focus on 
addressing muscular imbalances and maintaining range of 
motion. For those with difficulty ambulating, special atten-
tion should be placed on gait training in hopes of improving 
balance and gait. In some cases, assistive device (cane, 
walker) and braces may be required to offset weak muscles 
and provide ambulation support. Ankle-foot orthoses (AFOs) 
are especially important in cases of foot drop due to L4–L5 
root injury affecting tibialis anterior, extensor digitorum lon-
gus and extensor hallucis longus. AFOs will allow patient to 
clear their foot during the swing phase of the gait cycle. 
Though cases of diabetic amyotrophy can be transient and 
prognosis is generally good, recovery can range from many 
months to 1–2 years [48, 53]. As there is no one definitive 
treatment option for radiation plexopathy, rehabilitation ther-
apy may assist with symptom control, improve strength, and 
maintain function of the affected extremities [58, 59].

57.6.8.3  Procedures
For abscesses in the retroperitoneal region causing mass 
effect, this can usually be aspirated/drained through mini-
mal invasive methods with interventional radiology 
(Fig.  57.7). In the case of lumbosacral plexopathy with 
intractable cancer pain, neuromodulation or permanent 
implantable intrathecal infusion pumps have been used 
for relief [50]. Nerve blocks with local anesthetics (i.e., 
bupivacaine, ropivacaine) to the lumbar and sacral plexus 
(e.g., psoas compartment block) are options as well for 
further pain control especially in the setting of trauma 
and/or planned surgery [51, 52]. For meralgia paresthet-
ica, ultrasound-guided lateral femoral cutaneous nerve 
block can be diagnostic and provide pain relief. Pulsed 
radiofrequency ablation and more recently peripheral 
nerve stimulation have been used with some success for 
intractable pain [63, 64].

57.6.8.4  Surgery
In traumatic cases of lumbosacral plexopathy (Fig. 57.8), 
surgery may be indicated to repair intrapelvic structures 
and for distal nerve transfer to reinnervate femoral nerve 
function. Surgical repair is usually rare, as most traumatic 
plexopathies improve spontaneously and are treated con-
servatively. When surgery is attempted, repairing lumbar 
lesions seem to have better outcomes compared to sacral 
plexus injuries [45]. In the case of malignancy, surgical 
resection of the primary tumor is indicated. For terminal 
cancer pain, rhizotomy has been shown to be helpful [56]. 
Intrathecal drug infusion systems have also been success-
fully used in the setting of intractable cancer pain (using 
morphine) and a case of ischemic related lumbosacral 
plexopathy pain (using intrathecal baclofen) [50, 60, 61]. 
Spinal cord stimulators have also been used to control neu-
ropathic pain secondary to traumatic lumbosacral plexopa-
thy [62]. For retroperitoneal hematomas, this is usually 
managed conservatively with reversal of anticoagulation 
and administration of blood products. In cases of worsen-
ing hematoma or progressive neurologic loss, surgery may 
be warranted.

57.7  Brachial Plexopathy

Ogochukwu Azuh, Jeanie Cote and Kyungje Sung

57.7.1  Synonyms

• Brachial plexus syndrome
• Brachial plexus neuropathy
• Brachial plexus neuritis
• Brachial plexus disorder
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57.7.2  ICD 10 Codes

• S143XXA, S143XXD, S143XXS

57.7.3  Description

Brachial plexopathy occurs when there is a lesion or injury to 
the brachial plexus. Common etiologies include trauma 
(most common with incidence between 44% and 77% of bra-
chial plexus injuries [65, 66]), inflammatory causes, neo-
plasms, radiation, and idiopathic and anatomical variants. 

Differential diagnoses of brachial plexopathy are in 
Table 57.8, and common causes of brachial plexus are out-
lined in Table 57.9.

57.7.3.1  Anatomy
The brachial plexus (Fig. 57.9) arises from cervical nerve 
roots that emerge from the cervical spinal cord, travel down 
through the neck (the cervico-axillary canal), over the first 
rib, and into the axial area. The brachial plexus comprises of 
roots (C5–T1), trunks (upper, middle, and lower), divisions 
(three anterior, three posterior), cords (lateral, posterior, and 
medial), and terminal nerves. The roots and trunk are supra-

a b

c d

Fig. 57.7 MRN images in coronal T1VIBE post contrast of patient 
with fluid collection in R. iliopsoas muscle. (a–d) intense peripheral 
contrast enhancement imaging the fluid collection (solid arrow). (d) 
The L3 nerve root (arrowhead) presents signs of neuropathy. The R. L4 

nerve root (star) is thickened and edematous w/ contrast enhancement 
throughout its course, up to the level of the inguinal region. (From Neto 
et al. [57])
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clavicular, and the cords and branches are infraclavicular. 
After exiting the cervical intervertebral foramina, the nerve 
roots will travel in between anterior and middle scalene 
muscle, and before reaching the clavicle, they will form the 
three trunks. The trunks will pass in between the clavicle 
and the first rib and form the three anterior and three poste-
rior divisions. The divisions merge to produce three cords 
which are named according to their position in relation to 
the axillary artery. Each cord will further divide into the ter-
minal nerves responsible for both the motor and sensory 
innervation of the arm.

a d

b c

Fig. 57.8 L. femoral shaft fracture, sciatic nerve injury after road acci-
dent. (a) Axial T2-STIR at pelvic floor. (b, c) Sagittal oblique reformat. 
(d) Hyperintensity and enlargement of L. sciatic nerve. Arrows pointing 

to fascicular hypertrophy (a–c) with increased signal intensity of semi-
membranosus, semitendinosus, and long head of the biceps femuri due 
to acute denervation (c). (From Gasparotti et al. [47])

Table 57.8 Differential diagnoses of brachial plexopathy

Amyotrophic 
lateral sclerosis

Mononeuritis multiplex

Cervical 
myelopathy

Multifocal motor neuropathy with conduction 
block

Cervical 
radiculopathy

Musculoskeletal disorder involving the shoulder, 
elbow, or forearm (i.e., adhesive capsulitis, 
rotator cuff syndrome, bursitis, tendinitis)

Demyelinating 
disease

Upper extremity complex regional pain 
syndrome (CRPS)

Intracranial 
pathology

Upper extremity mononeuropathy

Table 57.9 Causes of brachial plexopathy. (Revision of table from 
Shanina et al. [65])

Category Examples
Trauma High-velocity and penetrating injuries, birth (Erb’s 

and Klumbke’s), severe traction injury, root avulsion, 
compression (Rucksack palsy, Burner)

Inflammatory Neuralgic amyotrophy (idiopathic and hereditary), 
diabetic cervical radiculoplexus neuropathy, 
postsurgical inflammatory plexopathy, hereditary 
neuralgic amyotrophy

Neoplastic Metastatic disease, primary nerve tumors 
(Schwannoma), Pancoast tumor, paraneoplastic 
syndrome

Radiation Radiation-induced plexopathy
Structural Neurogenic thoracic outlet syndrome
Infection Viruses: EBV, VZV, parvovirus B19, CMV, mumps, 

HIV, HSV, dengue, St. Louis encephalitis, Japanese 
B, WNV, HEV
Bacteria and fungi: Leptospira sp., Mycobacterium 
tuberculosis, Yersinia sp., Salmonella typhi, 
Coccidioides immitis, Borrelia burgdorferi

Iatrogenic Nerve blocks/ injections, post-thoracatomy traction, 
intra-operative surgical positioning, direct 
intraoperative nerve trauma

Ischemia Polyarteritis nodosa, Behcet’s, giant cell arteritis, 
hypersensitivity vasculitis, microscopic polyangiitis, 
Henoch-Schonlein purpura
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57.7.3.2  Types of Brachial Plexopathy
Brachial plexopathies can be classified based on the region 
of the plexus affected. The supraclavicular area would 
involve the root and trunks, the retroclavicular region would 
affect the divisions, and the infraclavicular sites would com-
promise the cords and terminal nerves. An important detail to 
note that will affect treatment options is if the lesion is pre-
ganglionic, proximal to the dorsal root ganglion, or postgan-
glionic, distal to the dorsal root ganglion. In a preganglionic 
injury, motor neurons can be separated from the spinal cord, 
but the sensory neurons may remain intact; this lesion will 
likely need nerve transfer for function to return. In a postgan-
glionic injury, both sensory and motor neurons can be 
affected, and function may be restored spontaneously [67].

 1. Supraclavicular plexopathies are more common, tend to 
be severe, and generally result in poorer outcomes. 
Supraclavicular plexopathy can also occur at birth, result-
ing in Erb’s (affecting C5–7 roots) and Klumpke’s palsies 
(C8–T1 roots). They can be subdivided into upper (C5 
and C6 roots/upper trunk), middle (C7 root and middle 
trunk), and lower (C8 and T1 roots/lower trunk) injuries. 
This has clinical significance, i.e., upper supraclavicular 
plexopathies are usually in proximity to the muscles they 
innervate, usually related to demyelinating conduction 
block, and easily accessible to surgery. Hence, recovery 

tends to be more favorable [68]. Some examples include 
burner syndrome, rucksack paralysis, and classic postop-
erative paralysis. Middle supraclavicular plexopathies do 
not usually occur alone as it usually happens with either 
lower or upper supraclavicular plexus involvement. In 
both upper and middle supraclavicular plexopathies, 
closed traction is one of the main culprits [68]. In lower 
supraclavicular plexopathies, avulsion injuries are more 
common. Lower supraclavicular plexopathy disorders 
include true neurogenic thoracic outlet syndrome, post-
operative disputed neurogenic thoracic outlet syndrome, 
post-median sternotomy plexopathy, and Pancoast 
syndrome.

 2. Retroclavicular plexopathies usually do not occur alone 
as isolated injuries to this area is rare, and vascular dam-
age is commonly present as well [66, 68].

 3. Infraclavicular plexopathies can result after radiation to 
axillary lymph nodes, midshaft clavicular fractures, 
medial brachial fascial compartment syndrome, and gle-
nohumeral dislocations and proximal humeral fractures. 
Examples of site-nonspecific brachial plexopathies 
includes neuralgic amyotrophy (Parsonage-Turner 
Syndrome or idiopathic plexopathy), primary and sec-
ondary neoplasms, radiation-induced, trauma, iatro-
genic (after operations or nerve blocks), vasculitis, and 
infection.
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57.7.4  Clinical Presentation

Depending on the etiology of the brachial plexopathy, most 
patients experience pain, weakness, and sensory disturbance 
in the affected upper extremity. Symptoms can develop rap-
idly (trauma), over days to weeks (i.e., brachial plexitis), or 
may develop slowly over month to years (i.e., neoplastic).

Pain is one of the cardinal symptoms, which can be excru-
ciating. This neuropathic pain can be described as “achy,” 
“stabbing,” “burning” or “deep’’ in quality. Location of the 
pain depends on the specific area of the injured plexus. In an 
upper trunk injury, the pain may be present in the shoulder or 
upper arm, and in a lower trunk injury, the distal arm or hand 
may be involved.

Upper extremity weakness can be debilitating and result 
in functional loss. The myotomal weakness would reflect the 
specific site and severity of brachial plexus injury. Proximal 
arm weakness will likely develop in the setting of upper 
trunk involvement, and hand weakness will likely manifest 
with a lower trunk lesion. Muscle atrophy may be observed 
in subacute and chronic cases. With middle trunk injuries, 
deficits in elbow, wrist, and finger extensions will likely be 
present [69].

In supraclavicular lesions, a segmental (dermatome and 
myotome) pattern of motor and sensory loss may be 
observed. In infraclavicular injuries, non-segmental patterns 
are seen with involvement of terminal nerves [68].

Sensory disturbances include loss of sensation and symp-
toms such as tingling and pins and needle sensation. The dis-
tribution of sensory changes would depend on the location of 
the brachial plexus injury. In specific lower trunk plexopa-
thies, Horner’s syndrome may be present.

57.7.5  Physical Examination

For patients in whom a brachial plexus injury is suspected, a 
detailed neurological and musculoskeletal examination is of 
paramount importance. With the clinician looking for areas 
of motor, sensory and reflex changes as these usually can 
localize the location of the brachial plexus injury [53] 
(Table 57.10). Inspection of the affected limb can sometimes 
reveal atrophy of the affected muscles.

• Supraclavicular injuries: Shoulder may be adducted, 
internally rotated, and the elbow pronated. Percussion of 
the posterior triangle of the neck may elicit a tingling sen-
sation (positive Tinel’s sign) [66]. With suprascapular 
nerve injuries at the suprascapular notch, palpation can 
reveal localized pain and weakness of shoulder abduction 
and external rotation can be observed, or at the spinogle-
noid notch with weakness of only shoulder external rota-

tion. Dorsal scapular nerve injury will lead to scapular 
instability, and long thoracic nerve injury will demon-
strate decreased scapular abduction [67].

• Infraclavicular injuries: This type of injuries will be asso-
ciated with lesions of the axillary, suprascapular, and 
musculocutaneous nerves; hence, there may be defects 
with abduction of the shoulder, external rotation of the 
shoulder, and flexion of the elbow. Posterior cord injuries 
will likely affect the radial nerve, and there may be diffi-
culty supinating the forearm and elbow/wrist/finger 
extensions.

• Sensory changes will also occur based on location of the 
brachial plexus injury and will likely result within the der-
matome associated with the affected cervical roots.

• There may also be Horner syndrome (eyelid ptosis, meio-
sis, anhidrosis) with root avulsion injuries at the T1 root 
level [67].

Table 57.10 Clinical manifestations of brachial plexus lesions

Location Motor involvement
Sensory 
involvement

Reflex 
involvement

Upper 
trunk

All C5–C6 innervated 
muscles (e.g., Deltoid, 
biceps, brachioradialis, 
supraspinatus and 
infraspinatus)

Lateral arm
Lateral 
forearm
Lateral hand
Thumb

Biceps
Brachioradialis

Middle 
trunk

Triceps, flexor carpi 
radialis, pronator teres
Mimics C7 radiculopathy

Middle 
finger
Posterior 
forearm

Triceps

Lower 
trunk

All ulnar muscles
C8–T1 innervated 
median nerve muscles 
(e.g., abductor pollicis 
brevis, flexor pollicis 
longus, flexor digitorum 
profundus)
C8 innervated radial 
muscles (e.g., extensor 
indicis proprius, extensor 
pollicis brevis)

Medial arm
Medial 
forearm
Medial hand
4th–5th 
digits

None

Lateral 
cord

Biceps, flexor carpi 
radialis, pronator teres,

Lateral 
forearm
Lateral hand,
1st–3rd 
fingers

Biceps

Posterior 
cord

All radial nerve muscles 
(include deltoid and 
latissimus dorsi)

Lateral arm
Posterior 
arm
Forearm
Radial 
dorsal hand

Triceps
Brachioradialis

Medial 
cord

All ulnar muscles
C8–T1 innervated medial 
muscles

Medial arm
Medial 
forearm
Medial hand
4th–5th 
fingers

None
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57.7.6  Diagnostic Workup

57.7.6.1  Diagnostic Imaging
Imaging of the brachial plexus is an important tool, espe-
cially in the setting of trauma (i.e., root avulsion, hemato-
mas), structural causes leading to compression, and 
neoplasms. Further, size or signal abnormalities may help 
indicate the existence of the brachial plexus disease. MRI is 
the image modality of choice to assess the brachial plexus 
(Fig. 57.10). Specifically, MR neurography has been found 
to have a high specificity (98–100%) and sensitivity of 
41–71% in evaluation of brachial plexopathy [46, 70]. Other 
imaging studies that can be used include routine chest radio-
graph (helpful in assessing cervical rib for neurogenic tho-
racic outlet syndrome) (Fig. 57.11), CT scan (most useful in 
depicting a soft tissue mass or hematoma), ultrasound, and 
myelography (can identify a pseudomeningocele). In MRI 
imaging, increased T2 signal intensity, diffuse or focal 
enhancement, or enlargement or edema of nerve segments 
can all be seen within the brachial plexus [42].

57.7.6.2  EMG/NCS
Electrodiagnostic testing is a useful tool in evaluating the 
brachial plexus. A combination of motor and sensory nerve 
conduction studies (NCS) and needle electromyography 
(EMG) can help ensure the pathology is related to the bra-
chial plexus, localize which section of the brachial plexus is 
involved, characterize the pathophysiology of the nerve 
injury and the amount of axon loss, and give insight into the 
state of nerve recovery or reinnervation. Some etiologies of 
brachial plexopathy result in focal electrodiagnostic findings 

(lower trunk in neurogenic thoracic outlet syndrome), or 
irregular findings within the nerve branches (Parsonage 
Turner syndrome).

Motor NCS can observe axonal loss (low compound mus-
cle action potentials (CMAPs)). Anomalies may exist in the 
median and ulnar nerve with lower trunk or medial injuries. 
In upper trunk lesions, abnormalities may be present in mus-
culocutaneous, suprascapular, or axillary nerves. Sensory 
NCS may show findings of low amplitude or absent response 
due to Wallerian degeneration to the sensory axons at or dis-
tal to the dorsal root ganglia. With needle EMG, irregulari-
ties will be seen in the muscles that are supplied by the 
specific injured portion of the brachial plexus. Fibrillation 
potentials and positive sharp waves will be seen in the setting 
of axonal loss and absence of complete reinnervation. There 
may be motor unit potential (MUP) changes depending on 
the progression of injury and timing of the EMG itself. 
Usually, in acute lesions, reduced recruitment of MUPs can 
be observed. In subacute to chronic injuries, there may be 
increased MUP amplitude, duration, and polyphasic waves. 
In severe cases, MUPs can be absent. Specific findings, such 
as myokymic discharges, can indicate radiation plexopathy 
[42, 53].

57.7.6.3  Laboratory Studies
Laboratory studies are not usually indicated in workup of 
brachial plexus injury as the most common cause is due to 
trauma. However, laboratory studies may be helpful in deter-
mining nontraumatic causes (i.e., autoimmune, metabolic, 
infectious, or oncological). Thus, tests for diabetes, inflam-
matory and neoplastic makers, connective tissue disease or 
systemic vasculitis may aid in diagnostic investigation.

57.7.7  Treatments

Management of brachial plexopathy depends on the etiology. 
Factors affecting prognosis are mechanism of injury, age, 
type of nerve (sensory, motor, or mixed), level of injury, 
duration of symptoms, time of surgical intervention, and 
other factors such as concomitant diseases (Table 57.11). In 
general, a multidisciplinary approach combining rehabilita-
tion, medical, interventional, and surgical treatments is 
preferred.

57.7.7.1  Medical Management
Due to the painful nature of brachial plexopathy, pain 
management is crucial. Early-phase treatment should 
focus on decreasing inflammation and neuropathic pain. 
Common pain analgesics include NSAIDs, antiepileptics 
(e.g., gabapentin and carbamazepine), oral steroids, tricy-
clic antidepressants (e.g., nortriptyline and amitriptyline), 
and opioids.

Fig. 57.10 MRN image of a traumatic injury of the left brachial 
plexus. White arrow showing neurotmesis of the L. C6 nerve root and 
stump neuroma. (From Gasparotti et al. [47])
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Specific etiologies better lend themselves to initial man-
agement with medications prior to more invasive procedures 
such as surgery. In idiopathic brachial plexopathy, cortico-
steroid treatment given in the acute phase has been found to 
shorten the period of pain and hasten motor recovery [65]. 
Vascular brachial plexopathy (polyarteritis nodosa, Bechet’s, 
giant cell arteritis, hypersensitivity vasculitis, microscopic 
polyangiitis, and Henoch-Schonlein purpura) can also be 
treated with steroids, IVIG, or plasmapheresis. Infectious 
brachial plexopathy involves treating the causative organ-

ism, whether it be a virus or bacteria. Brachial plexus birth 
palsy is initially managed by 1–2 weeks of elbow immobili-
zation, followed by functional rehabilitation. In cases of 
neoplastic and paraneoplastic plexopathy, radiation, hor-
monal therapy, or chemotherapy is used for treatment of the 
offending mass or metastases. With radiation-induced 
plexopathy, surgical procedure may be more beneficial [65, 
72]. The use of microsurgery for nerve transfer to the mus-
culocutaneous nerve to improve elbow flexion has been 
reported [73].

a b

c d

Fig. 57.11 (a) Plain radiograph oblique view showing R. cervical rib (arrow). (b) CT sagittal view. (c) CT coronal view. (d) 3D- reconstructed 
images. (b–d) showing pseudoarthrotic bony formation (arrows) between cervical rib and the first rib. (From Dahlin et al. [71])
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57.7.7.2  Rehabilitation
Rehabilitation plays an important role in decreasing both 
short- and long-term effects of brachial plexopathy. The 
main goals of rehabilitation include preventing loss of func-
tion and maintaining range of motion. This can be achieved 
by prevention of muscle atrophy and secondary deformities, 
recovery of sensation deficits, limiting developmental disre-
gard, and postoperative care [66].

To combat muscle atrophy, one starts with passive muscle 
stretching. Electrical stimulation, applied to injured nerve or 
denervated muscles, can also be used to recover muscle size 
and function. This is then followed by isokinetic and resis-
tance exercises. These physiotherapy/occupational therapy 
options can be used in combination with orthoses (i.e., whole 
arm flail splint, elbow and hand splints, serial casting) to 
limit contractures and decreased range of motion. Therapeutic 

ultrasound, transcutaneous electrical nerve stimulation 
(TENS), and scar massage have been found to be helpful 
with muscular contractures. The use of TENS to painful 
extremities can also aid in neuropathic pain control.

For sensory derangements after peripheral nerve injury, 
tactile exercises like touching different shapes and textures 
with eyes closed or opened, localizing stimuli, or enhanced 
treatments (e.g., sensor glove system) can be used to retrain 
the sensory system. For those exhibiting developmental 
disregard (desire to not actively use the impaired limb), the 
use of constrained-induced movement therapy (CIMT) can 
be effective. This is achieved by limiting the non-affected 
limb, with a glove or sling, for most of the day, and inten-
sively exercising the affected limb for up to 6 h a day for 
2–3 weeks [66].

The goal of rehabilitation should be to return patients as 
fast and safe as possible to daily life activities. In addition, 
physical therapy plays an important role in preventing and 
relieving pain. Failure of rehabilitation can lead to upper 
extremity weakness, chronic pain, and eventual functional 
impairment.

57.7.7.3  Procedures
For associated musculoskeletal ailments (i.e., shoulder pain 
from subluxation due to muscle weakness), localized corti-
costeroid injections can be considered. For those who 
develop refractory neuropathic pain, acupuncture, periph-
eral and sympathetic nerve blocks, or neuromodulation can 
be effective (Fig.  57.12). Neuromodulation relies on the 
gate control theory [74–76]. Choi et al. discussed the use of 
combined spinal cord stimulator (SCS) and peripheral 
nerve stimulation (PNS) to control pain from brachial 
plexopathy [74].

For pain related to thoracic outlet syndrome, Botox injec-
tions to the anterior scalene, pectoralis minor, and subclavius 
muscle have been found to be helpful in controlling pain [77, 

Table 57.11 Prognostic factors of recovery after brachial plexopathy

Factor Result
Mechanism of 
injury

High-energy injuries have worse prognosis
Avulsion injuries have worse prognosis than 
acute ruptures
Worse prognosis with concomitant vascular 
injury

Age Better prognosis in young patients
Type of nerve Exclusively sensory or motor nerves have better 

functional recovery than mixed nerves
Level of injury Supraclavicular lesions have worse prognosis 

than infraclavicular
Upper trunk lesions have the best prognosis

Pain Patients with persistent pain for more than 
6 months after traumatic injury have less 
possibility for recovery

Time of surgical 
intervention

Fibrosis and degeneration of target organs at the 
time of surgical intervention are related to poor 
prognosis

Other factors Concomitant diseases (infections, etc.) are 
related to worse prognosis

From Sakellariou et al. [67]

Fig. 57.12 Radiograph of position of leads to the brachial plexus (radial and median nerve). (From Stevanato et al. [84])
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78]. In addition, a good response to Botox injections to the 
above muscles may indicate favorable outcomes in surgical 
repair of thoracic outlet syndrome [79]. Though rarely used, 
chemical neurolysis with alcohol or phenol to the trunks 
(upper, middle, lower) has also been described in literature 
for treatment of cancer-related pain [80, 81]. With the 
expected permanent loss of motor and sensory function, 
patient selection is paramount [81]. Ultrasound and electro-
stimulation guided pulsed radiofrequency treatment to the 
root of C6 has been trailed for neoplastic brachio-plexopathy 
with at least 67% decrease in NRS scores at the 2-month 
follow-up period [82].

57.7.7.4  Surgery
In the treatment of traumatic brachial plexopathy, surgery is 
the treatment of choice. For avulsion, penetrating and vascu-
lar injuries, immediate surgical intervention is required to 
achieve maximal improvement. This includes neurolysis, 
nerve repair, nerve transfer or grafting, tendon transfer, free 
functioning muscle transfer, brachial plexus reimplantation, 
and arthrodesis. After prognostication of nerve injury is 
achieved with EMG, a common window for nerve transfer to 
occur is approximately 3–6 months after the traumatic event.

For brachial plexus birth palsy, surgical procedures 
such as nerve grafting or transfer and extra-plexus neuro-
tization (severe cases) may be indicated 3–6 months after 
the initial insult depending on motor and functional 
recovery [69]. In idiopathic neuralgic amyotrophy, nerve 
grafts or nerve transfers become an option for severe 
cases if refractory symptoms do not improve 6  months 
after onset [83].

In cases of true neurogenic thoracic outlet syndrome, one 
can attempt surgical removal of the offending agent (i.e., first 
cervical rib and taut band or scalene muscle) to achieve 
decompression. Complete surgical resection is indicated in 
primary tumors causing brachial plexopathy with sparing 
use of nerve grafts to assist with recovery (Fig. 57.13). In 
radiation-induced plexopathy, surgery is preferred to 
mechanically release radiation fibrosis, improve vasculariza-
tion with flap coverage, and improve function with nerve 
grafting and muscle/tendon transfers [72].

57.8  Thoracic Outlet Syndrome

Garett Lui and S. Ali Mostoufi

Keywords
Thoracic outlet syndrome; Cervical rib; Costoclavicular syn-
drome; Scalene anticus syndrome

57.8.1  Synonyms and ICD

• Vascular thoracic outlet syndrome (G54.0)
• Neurogenic thoracic outlet syndrome (G54.0)
• Venous thoracic outlet syndrome of subclavian vein (I87.1)
• Arterial thoracic outlet syndrome due to cervical rib (G54.0)
• Brachial plexus disorders (G54.0)
• Cervical rib syndrome (Q76.5)
• Costoclavicular syndrome (G54.0)
• Scalenus anticus syndrome (G54.0)

a b c

Fig. 57.13 (a) Coronal T1 (b) Contrast-enhanced T1 (c) and STIR images showing superintense, heterogenous enhancing lesion in left lung apex 
(Pancoast tumor) involving the L C7, C8, and T1. (From Gasparotti et al. [47])
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57.8.2  Description

Thoracic outlet is a space created by the borders of the 
supraclavicular fossa to the axilla passing between the 
clavicle and first rib. Thoracic outlet syndrome (TOS) 
describes a collection of syndromes that occur due to com-
pression of neurovasculature as they pass from the supra-
clavicular fossa to the axilla at one or multiple distinct 
sites. Differential diagnosis of thoracic outlet syndrome is 
given in Table 57.12.

To diagnose TOS, a clinician must use a combination of 
history, physical, and potentially several diagnostic modali-
ties, as each case presentation may vary depending on which 
neurovascular structures are involved. Typically, the involved 
structures include the brachial plexus, subclavian vein, and 
subclavian artery that are each implicated in development of 
neurogenic TOS (nTOS), venous TOS (vTOS), and arterial 
TOS (aTOS), respectively. Venous TOS is also known as 
Paget-Schroetter syndrome or McCleery syndrome.

True neurogenic TOS is neurological abnormalities con-
firmed by electrodiagnostic studies. Disputed neurogenic 
TOS is neurological abnormalities not confirmed by electro-
diagnostic studies. If left untreated, nTOS can lead to muscle 
atrophy in addition to pain and paresthesias, while vTOS and 
aTOS can lead to ischemia, thromboembolic events, gan-
grene, and limb loss.

Within the thoracic outlet, these neurovascular structures 
can be compressed within the interscalene triangle, the cos-
toclavicular space, and the retropectoralis minor space. 
These three sites can become narrowed by cervical ribs, 
anomalous ligaments, or accessory muscles, post-traumatic 
scarring, altered posture or biomechanics, congenital exten-
sions of the C7 transverse process or cervical ribs, anoma-
lous ribs, vascular abnormalities, and postoperative 
complications such as hematomas and abscesses [86, 87].

• The interscale triangle, also known as the costoscalene 
hiatus, comprises the anterior and middle scalene muscles 
and the first rib, between which the trunks of the brachial 
plexus and subclavian artery can be compressed. 
Historically this had been known as scalene anticus 
syndrome.

• The costoclavicular space contains the divisions of the 
brachial plexus and subclavian vessels, which can be 

compressed by the subclavius muscle, costocoracoid 
ligament, and clavicle anterolaterally, and the first rib 
medially, with the scalene muscles and scapula 
posteriorly.

• The retropectoralis minor space that contains the cords of 
the brachial plexus and axillary vessels, made of the pec-
toralis minor anteriorly, the second to fourth ribs posteri-
orly, and the coranoid process superiorly.

57.8.3  Clinical Presentation

Clinically, neurogenic TOS presents with upper extremity 
paresthesias, numbness or weakness, non-radicular pain, 
or heaviness. Venous TOS presents with spontaneous 
upper extremity swelling, activity-related sense of heavi-
ness with or without cyanosis, and pain that may be felt in 
the upper extremity or deeper into the patient’s shoulder or 
chest. Arterial TOS is the rarest of the three entities and 
presents with signs of ischemia such as non-radicular pain, 
paresthesias, weakness, and temperature-related pallor 
[88, 89].

nTOS is the most common of the three forms of TOS. In 
one single-center American study, the incidence of NTOS 
was 2–3 per 100,000 individuals, while vTOS occurred in 
0.5–1 per 100,000 cases, and aTOS was even less common 
[90]. Risk factors for TOS include congenital abnormalities, 
trauma, or functionally acquired causes of compression such 
as repetitive overhead movements.

There is no standardized diagnostic criteria or treatment 
of TOS [91]. A recent committee of the Society for Vascular 
Surgery has attempted to establish a preferred set of termi-
nology. For example, to classify the anatomical sites of 
compression, nTOS may be differentiated from neurogenic 
pectoralis minor syndrome, while terminology to describe 
the disease course include persistent TOS, recurrent TOS, 
and secondary TOS [92]. The Consortium for Outcomes 
Research and Education of TOS developed a consensus- 
based criteria to diagnose nTOS, including requiring at 
least 3 months duration of symptoms, anatomical distribu-
tion of symptoms, and meeting at least one feature in four 
of five categories: principal symptoms, symptom character-
istics, clinical history, physical exam, and provocative 
maneuvers [93].

57.8.4  Physical Examination

Inspection One should first note the appearance of skin and 
nails and signs of muscle atrophy or edema. Ischemic ulcers 
or discoloration may be present in aTOS. Pulses should be 
examined.

Table 57.12 Differential diagnosis of thoracic outlet syndrome

Cervical radiculopathy
Cervical dystonia
Myofascial pain syndrome/fibromyalgia
Peripheral nerve compression neuropathy
Complex regional pain syndrome
Brachial plexopathy (idiopathic) or secondary
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Palpation It must include evaluation for tenderness at the 
interscalene triangle and pectoralis minor.

Spine Exam Examination for TOS should also include a 
thorough cervical spine examination to exclude pathology 
caused by cervical spondylosis, radiculopathy, or facet 
arthropathy. This includes sensory, manual motor testing, 
and deep tendon reflex testing.

Special Test (Fig. 57.14a–d) When assessing a patient with 
provocative maneuvers, multiple maneuvers should be per-
formed to decrease the rate of false positives that occur when 
using a single maneuver. Specificity increased further with 
additional maneuvers. Positive test will be the symptomatic 
arm of the affected side.

• The Adson test (sensitivity 94%, specificity 18–87% [96], 
false positive 51% rate [97]) tests subclavian artery com-
pression between anterior and middle scalene. It is per-
formed by palpating for a diminishing pulse of the 
affected extremity while it is resting on the patient’s thigh, 
while the patient hyperextends the neck, turns to the 
affected side, and inspires.

• The Wright hyperabduction test (high false positive rate 
in the general population [98]) tests subclavian artery 
compression by pectoralis minor. It performed by abduc-
tion of bilateral shoulder and flexion of elbows to 90°, 
while the clinician feels for obliteration of the radial 
pulse.

• The Roos test is performed by asking the patient to abduct 
bilateral shoulders and flex bilateral elbows to 90°, fol-
lowed by clenching fists intermittently for 3 min [99].

• Costoclavicular test tests compression of subclavian 
artery between clavicle and first rib. It includes retraction 
of the shoulder of the affected limb, with elbow extension 
and protrusion of the chest. A positive costoclavicular test 
is reduction in the radial pulse after 1 min.

• The Upper Limb Tension Test (ULTT) aims to stretch the 
brachial plexus and reproduce cervicobrachial pain by 
first having a seated patient in similar position as the 
EAST; then if the patient remains asymptomatic, the 
patient’s elbows are extended and hands pronated, with 
optional addition of wrist extension and head tilt away 
from the affected side.

In a study by Rayan and Jensen, 91% of the 100 healthy 
subjects without any known upper extremity musculoskele-
tal disorders were found to have at least 1 positive physical 
exam maneuver, between the Adson, costoclavicular, and 
hyperabduction maneuvers [94]. Conversely, the utility of 
combining just two provocative maneuvers was highlighted 
by a series by Gillard et al. that showed that the combined 

specificity of Adson test and Roos test was 82%, while indi-
vidually they were 76% and 30%, respectively [95].

57.8.5  Diagnostic Workup

57.8.5.1  Plain Films
In terms of imaging, all patients should undergo chest and 
cervical spine plain radiography to evaluate for osseous 
abnormalities including cervical rib and, in some cases, lung 
apex tumors. CT being best at evaluating bony causes of 
compression such as abnormalities of cervical spine trans-
verse processes or abnormalities of clavicles or ribs or lung 
tumors.

57.8.5.2  CT/MR/Angiography
Both CT and MRI are often used together, with CT being 
best at evaluating bony causes of compression such as abnor-
malities of cervical spine transverse processes or abnormali-
ties of clavicles or ribs, while evaluation with MRI is better 
suited for evaluation of soft tissue abnormalities, vascular 
abnormalities, or postoperative complications such as hema-
tomas, abscesses, chylomas, or granulomas [87]. MRI with 
contrast is recommended when tumor or infection is sus-
pected [87]. While imaging of the brachial plexus has not yet 
been proven to correlate with outcomes, magnetic resonance 
neurography (MRN) has been increasingly studied, which 
allows for improved visualization of nerve morphology [90, 
100]. To directly visualize compression or inflammation of 
the brachial plexus and soft tissues, as well as vascular 
obstruction, patients are then likely to undergo CT angio-
grams and MRIs [100]. To evaluate vascular abnormalities 
from aTOS, catheter-based angiography has largely been 
replaced by computed tomography angiography (CTA) and 
magnetic resonance angiography (MRA) [89]. In vTOS, 
catheter-based venogram may be preferred over CTA or 
MRA if a patient presents within 6 weeks of onset of symp-
toms [88].

57.8.5.3  Ultrasound
Ultrasound is a reliable means of diagnosing this etiology 
when combined with provocative testing and patient history. 
Dynamic capabilities of ultrasound by visualizing thoracic 
outlet while placing the patient in provocative maneuvers 
can identify blood flow deficits /nerve compression at the site 
of compression [103]. Presence of a “wedge-sickle sign” that 
is highly sensitive for fibromuscular compression of the 
lower trunk [101]. Thrombosis in the axillary and subclavian 
veins from vTOS can be detected with duplex ultrasound; 
however, a negative study cannot rule out vTOS (21% false 
negative rate); therefore, when vTOS is suspected, antico-
agulation should be started promptly [88].
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a b

c d

Fig. 57.14 (a) Adsons, (b)Wright, (c) Roos, and (d) ostoclavicular test for TOS
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57.8.5.4  EMG
Most nTOS is caused by a fibrous band that extends from a 
cervical rib to the first thoracic rib that entraps the lower 
trunk [102]. EMG/NCS can help differentiate nTOS from 
plexopathy, neuropathy, and cervical radiculopathy although 
this can also be normal in nTOS [104].

57.8.5.5  Diagnostic Injections
 1. Anterior scalene TPI: Earlier study by Lum et al. reported 

that positive response to lidocaine injections to the ante-
rior scalene muscle can be predictive of successful trans-
axillary decompression in nTOS patients older than 
40 years of age [10].

 2. Botox injection (Fig.  57.15): While botulinum toxin 
injections have been used for treatment of nTOS, they are 
of diagnostic value as well. Recent study by Donahue 
et al. [91] showed that ultrasound-guided botulinum toxin 
injections to the anterior scalene and pectoralis minor 
muscles may be indicated in patients under consideration 
for surgery for nTOS in so far that short-term symptom-
atic improvement from the injections correlates with 
favorable long-term outcomes after surgeries, the major-
ity of which were anterior scalenectomy with first-rib 
resections.

57.8.6  Treatment

57.8.6.1  Medical Management
Nonoperative management is considered initially for neuro-
genic TOS and asymptomatic arterial TOS with demon-
strated compression of subclavian artery but no evidence of 
arterial degeneration. Conservative management includes 
patient education, relaxation techniques, postural correction, 
work/school ergonomics, activity modifications including 

limiting repetitive overhead activities. NSAIDS, muscle 
relaxants, and adjunct medications may be of some value.

57.8.6.2  Rehabilitation
A course of 4–6 weeks of PT should almost always be an 
appropriate first step. In one prospective observational cohort 
study that first treated nTOS patients with 4–6 weeks of PT 
alone, 31% of the 130 patients achieved satisfactory improve-
ment in symptoms [105].

57.8.6.3  Procedures
For cases refractory to a course of PT, there is limited evi-
dence for therapeutic injections. In the most recent Cochrane 
systematic review of treatments for TOS, there was only one 
nonsurgical intervention studied with a randomized control 
trial that met the minimum requirement for a follow-up 
period of at least 6 months [106]. In contrast to the favorable 
diagnostic use of botulinum toxin injections, a study by 
Finlayson et  al. did not show significant change in pain, 
strength, or disability from treatment of scalene muscles 
with botulinum toxin injections versus saline in patients of 
no particular type of TOS (112). This intervention only pro-
vided a statistical significant improvement in patients’ pares-
thesias after 6 months [106].

57.8.6.4  Surgery
nTOS
Surgical decompression should be pursued promptly in cases 
of acute progression of weakness or acute signs of vascular 
occlusion or embolism.

There are three main surgical approaches used to decom-
press the brachial plexus: transaxillary, supraclavicular, or 
posterior approaches. In a randomized control trial, a signifi-
cant reduction of pain with transaxillary first rib resection 
was reported [106]. A separate systematic review showed 

Fig. 57.15 Anterior/middle scalene ultrasound-guided injection. (Image courtesy of Robert L Bowers, DO, PhD, Mayo Clinic)
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that for nTOS, between transaxillary first rib excision 
(TAFRE), supraclavicular first rib resection with scalenot-
omy (SCFRE), and supraclavicular release with leaving the 
first rib intact (SCR), the SCR had the greatest probability of 
success, although the difference was not statistically signifi-
cant [107].

vTOS and aTOS
Surgical decompression of vTOS is considered in most 
cases. Balloon angioplasty can be pursued earlier, but it is 
not a definitive treatment, and ultimately patients with vTOS 
will require surgery. Otherwise, if they are poor surgical can-
didates, long-term anticoagulation is the only alternative 
[88]. Either thrombectomy or catheter-directed thrombolysis 
is performed for varying degrees of acute limb ischemia 
resulting from aTOS. Then depending on the severity of any 
potential aneurysm that can form distal to the point of steno-
sis, initial removal of thrombi is then followed by rib resec-
tion with or without aneurysm resection [89].

57.9  Complex Regional Pain Syndrome 
(CRPS)

Tony K. George

57.9.1  Synonyms

• Reflex sympathetic dystrophy
• Causalgia
• CRPS-I
• CRPS-II

57.9.2  ICD 10 Code

• G90.50

57.9.3  Description

CRPS is a painful expression of an identifiable or non- 
identifiable nerve injury triggered by trauma [108]. Fracture 
is the most common cause, and others include iatrogenic 
insults from surgery or casting and individually inflicted 
sprains or burns among others [109]. CRPS may not be 
well circumscribed and typically has poorly defined mar-
gins. Over time, through unresolved sensitization, its pain-
ful margins could enlarge. Its features have led to two 
classifications: CRPS types I and II. CRPS type II is easier 
to identify, where a specific sensory nerve injury is involved. 
Motor weakness may be present in a minority of cases and 
with coinciding dermatomal involvement identifies the 
nerve involved. CRPS type I is poorly localized and identi-

fied through patient history, clinical signs, and symptoms. 
The overwhelming majority comprise CRPS type I cases 
[110]. CRPS unique feature is autonomic dysfunction that 
distinguishes this pain from others. C-fiber nerves are par-
ticularly involved and influence edema and autonomic 
responses. Although peripherally mediated initially, it pro-
gresses to involve complex central and sympathetic pain 
pathways.

Anyone could be predisposed to CRPS, yet it has a pre-
ponderance to develop in women and those with upper 
extremity and high-trauma injuries [110]. Once afflicted, 
children and teenagers recover better. Comorbidities retard-
ing recovery include diabetes, smoking, and chemotherapy, 
where its effects already have deleterious effects on nerve 
function and prolonging recovery.

57.9.4  Clinical Presentation

CRPS typically occurs in an extremity. It presents with a 
painful presentation out of proportion to provoking stimuli. 
Its features include pain with hyperalgesia, allodynia, dyses-
thesia, and skin textures changes. Depending on acuity of 
injury, skin presentations may be warm or cold [111]. Warm 
signs include erythema, hyperemia, and edema, and cold 
signs include pale, blue, and blotchy skin presentation. 
Others include shiny or scaly appearance of skin, abnormal 
nail or hair growth, signs of edema, and skin temperature 
change. Stiffness and muscle impairments may be due to dis-
use atrophy or directly from nerve injuries.

57.9.5  Physical Examination

Skin manifestations are the most common signs presenting 
in CRPS pain. Depending on acuity, they would include 
edematous and erythematous extremities, whereas in later 
stages sweaty and dusky extremities are more common. Pain 
is the most common symptom, and its unique manifestations 
including hyperalgesia, allodynia, and dysesthesias elicited 
through palpation provoking feedback response from patient. 
Excessive hair or nail growth or the lack of such may be vis-
ible and should be compared with the contralateral limb. 
Subtle temperature changes may be felt (either warm or 
cold) through palpation of the involved limb and comparison 
with the contralateral limb. Motor strength and comparison 
may reveal subtle strength deficits of the involved 
extremity.

57.9.6  Diagnostic Workup

CRPS is a clinical diagnosis. The Budapest criteria aids the 
diagnosis of CRPS (Table 57.13) [112]. Embedded in its cri-
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teria are sensory, motor, sudomotor, and vasomotor findings 
typically seen in CRPS presentations. Developed by the 
International Study of the Association of Pain, it is 99% sen-
sitive and 68% specific [11].

Certain tests indirectly aid in its diagnosis. Ultrasound 
guidance can visualize injured nerve, triple phase bones 
scans reveal bone resorption, and nerve conductions studies 
could aid in identifying affected nerves.

Equally important is clinical judgement ruling out alter-
nate diagnoses having overlapping features such as occult 
fractures, DVT, diabetic neuropathy, and autoimmune etiolo-
gies masquerading as CRPS.

57.9.7  Treatments

57.9.7.1  Medical Management
There is no specific FDA-approved drug; however, neuro-
pathic medications are given assuming nerve mediation from 
C-fiber involvement. Medications such as gabapentin, 
Lyrica, Cymbalta, amitriptyline, and nortriptyline and trans-
dermal patches such as lidocaine, NSAID, and capsaicin are 
often tried however with limited literature to support effi-
cacy. In the acute inflammatory phase, corticosteroids and 
bisphosphonates may reduce inflammation and bone turn-
over [113, 114]. In cases of intractable CRPS, ketamine infu-
sions have been promising in the right setting, but further 
studies are needed [115].

57.9.7.2  Rehabilitation
The focus of rehabilitation is restoring micro or macro func-
tional deficits from CRPS.  Physical therapy goals include 
maintaining flexibility, strength, desensitization, and improv-
ing circulation. Graded motor imagery and mirror therapy 
utilize visualization of moving nonpainful parts to help brain 
reorganization and desensitization of the affected body part 
with good effect [116].

57.9.7.3  Procedures
Stellate ganglion and lumbar sympathetic blocks help diag-
nostic purposes; however, its therapeutic relief is short-lived. 
Urgency for long-term solutions has led to exploration of 
spinal cord stimulation (SCS) with effective outcomes. In 
recent years, better understanding of dorsal root ganglions 
(DRG) role in pain modulation has led to DRG stimulation 
with studies, such as the ACCURATE study, demonstrating 
superiority over traditional SCS in effectively managing 
CRPS mediated pain [117].

57.9.7.4  Surgery
Surgical management is generally not recommended, and 
the roles of sympathectomy and limb amputations are 
controversial.

References

 1. Olamikan S, Gulati A, Trescot AM. Intercostal nerve entrapment: 
Chest Wall. In:  Peripheral nerve entrapments: clinical diagnosis 
and management. Switzerland: Springer; 2016. p. 279–90.

 2. Gerner P.  Postthoracotomy pain management problems. 
Anesthesiol Clin. 2008;26(2):355–67, vii. https://doi.
org/10.1016/j.anclin.2008.01.007.

 3. Bayman EO, Brennan TJ.  Incidence and severity of chronic 
pain at 3 and 6 months after thoracotomy: meta-analysis. J Pain. 
2014;15(9):887–97.

 4. Rogers ML, Henderson L, Mahajan RP, Duffy JP.  Preliminary 
findings in the neurophysiological assessment of intercos-
tal nerve injury during thoracotomy. Eur J Cardiothorac Surg. 
2002;21(2):298–301.

 5. Jeon YH.  Herpes zoster and postherpetic neuralgia: practi-
cal consideration for prevention and treatment. Korean J Pain. 
2015;28(3):177–84. https://doi.org/10.3344/kjp.2015.28.3.177. 
Epub 2015 Jul 1

 6. Nguyen KD, Choudhri HF, Macomson SD. The intercostal nerve 
as a target for diagnostic biopsy. J Neurosurg. 2018;128(4):1222–
5. Retrieved Apr 20, 2021, from https://thejns.org/view/journals/j- -
neurosurg/128/4/article- p1222.xml

 7. Glenesk NL, Rahman S, Lopez PP. Anatomy, thorax, intercostal 
nerves. [Updated 2020 Jul 27]. In:  StatPearls [Internet]. Treasure 
Island: StatPearls Publishing; 2021.

 8. Fazekas D, Doroshenko M, Horn DB.  Intercostal neuralgia. 
2021 Feb 8. In:  StatPearls [Internet]. Treasure Island: StatPearls 
Publishing; 2021.

 9. Dureja GP.  Intercostal neuralgia: a review. J Neurol Transl 
Neurosci. 2017;5(1):1076.

 10. Makharita MY, El Bendary HM, Sonbul ZM, Ahmed SES, Latif 
MA.  Ultrasound-guided pulsed radiofrequency in the manage-

Table 57.13 Budapest criteria for CRPS diagnosis. A sign is counted 
only if it is observed at the time of diagnosis

Budapest criteria: Clinical diagnostic criteria for CRPS
1. Continuing pain, which is disproportionate to any inciting event.
2.  Must report at least one symptom in three of the four following 

categories:
   Sensory: reports of hyperalgesia and/or allodynia
   Vasomotor: reports of temperature asymmetry and/or skin color 

changes and/or skin color asymmetry
   Sudomotor/edema: reports of edema and/or sweating changes and/

or sweating asymmetry
   Motor/trophic: reports of decreased range of motion and/or motor 

dysfunction (weakness, tremor, dystonia) and/or trophic changes 
(hair, nails, skin)

3.  Must display at least one sign at time of evaluation in two or more 
of the following categories:

   Sensory: evidence of hyperalgesia (to pinprick) and/or allodynia 
(to light touch and/or deep somatic pressure and/or joint 
movement)

   Vasomotor: evidence of temperature asymmetry and/or skin color 
changes and/or asymmetry

   Sudomotor/edema: evidence of edema and/or sweating changes 
and/or sweating asymmetry

   Motor/trophic: evidence of decreased range of motion and/or 
motor dysfunction (weakness, tremor, dystonia) and/or trophic 
changes (hair, nails, skin)

4.  There is no other diagnosis that better explains the signs and 
symptoms.
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Alternative Medicine: Musculoskeletal 
Applications

Arthur Jason De Luigi

58.1  Description of Complementary 
and Alternative Medicine (CAM)

Facing rising health care costs, patients and providers have 
begun to seek nontraditional treatments to manage their pain 
and improve function. These nontraditional treatment options 
are typically classified as “complementary and alternative 
medicine.” Alternative treatments are typically interpreted as 
“nontraditional” or “nonconventional” medicine outside of the 
scope of Western medicine. Additionally, when these alterna-
tive treatment methods are used in conjunction with traditional 
treatments, they are termed “complementary medicine.” There 
is not a “true” definition of CAM because the spectrum of 
what the medical community deems as alternative is broad and 
the field is constantly evolving as new options are developed 
and introduced into the health care system. Over time, these 
“alternative” options have begun to gain acceptance by both 
patients and providers, which further blurs the lines between 
what is considered “alternative” versus “conventional.”

CAM usage is prevalent in the United States and crosses 
cultural, ethnic, and racial boundaries. Many of these treat-
ments have been brought to the United States and Western 
medicine by other cultures as they have been used in these 
other cultures for generations. Despite the widespread use 
elsewhere and the growing popularity in Western medicine, 
there remains a relative paucity of quality evidence-based 
medicine on the various CAM treatment options demonstrat-
ing effectiveness.

Population-based studies have confirmed the increasing 
popularity of CAM treatments for MSK conditions. Callahan 
and colleagues reviewed over 2000 patients from primary 
care (n  =  1077) and specialty clinics (n  =  1063) in North 
Carolina and found that 90.5% of patients treated by special-

ists and 82.8% by primary care physicians had tried comple-
mentary therapy for arthritis symptoms [1]. Another study 
evaluating racial and ethnic differences in CAM utilization 
rates for osteoarthritis revealed that African Americans 
(89%) were most likely to report CAM use, followed by 
Asians (83%), Hispanics (81%), and Caucasians (78%) [2]. 
A study by Herman and colleagues identified that 90% of 
Hispanic or non-Hispanics White adults with osteoarthritis 
had attempted usage, and 69% were still currently using 
CAM [3]. However, there was no significant difference in 
current CAM usage between Hispanics (66%) and non- 
Hispanics (68%) [4].

CAM has proposed utility for a wide variety of ailments 
and diseases, but this chapter will focus on the utilization of 
CAM for symptoms associated with musculoskeletal (MSK) 
injuries and conditions. Table 58.1 outlines a sample of CAM 
treatments which will be discussed below.

58.2  Acupuncture

Acupuncture is probably the most recognized and widely 
used alternative treatment. It is an integral part of the practice 
and theory of traditional Chinese medicine. In traditional 
Chinese medicine, the body has 365 divisions and 12 merid-
ians [5]. Acupuncture involves the insertion and manipula-
tion of needles in specific points of the body along the 12 
meridians, depending on the condition being treated [5].

One of the major challenges in acupuncture research is in 
the design of an appropriate placebo control group. Compared 
to trials of new medications where double blinding is the 
accepted standard, acupuncture has more difficulty with 
study design and blinding. This is particularly a challenge to 
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Table 58.1 Examples of complementary and alternative medicine

Acupuncture Pharmacopuncture
Laser acupuncture Electroacupuncture
Moxibustion Laser therapy
Transcutaneous electrical nerve Massage
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have both the acupuncturist and patient being blinded to the 
treatment being given [5]. Despite these limitations, acu-
puncture is still the most widely studied CAM treatment for 
MSK conditions (Table 58.2). Another challenge is the vari-
ance and lack of standardization between numerous 
approaches and nomenclatures (standard, conventional, con-
stitutional acupuncture). Without a standard definition or 
protocol that has been implemented between studies, it is 
challenging to accurately compare efficacy across multiple 
studies. This heterogeneity of treatment makes systematic 
reviews a challenge to determine the comparative efficacy of 
acupuncture [6–13]. Recent Cochrane reviews evaluated the 
use of acupuncture for numerous conditions including 
peripheral joint osteoarthritis [6, 7], concluding that acu-
puncture demonstrated statistically significant benefits for 
the treatment of peripheral joint osteoarthritis of the knee, 
hip, or hand in sham-controlled trials [6, 7]. Kwon and col-
leagues completed a systematic review and meta-analysis of 
acupuncture for peripheral joint osteoarthritis with signifi-
cant effect of acupuncture compared with sham acupuncture 
[8]. However, there are different cultural and regional 
approaches to acupuncture which can provide additional 
challenges. For example, a subset of acupuncture, known as 
Sasang constitutional acupuncture, is utilized in Korea based 
on the yin and yang theory and on Confucianism. This phi-
losophy classifies humans into four constitutions: [1] sensi-
tivity to certain groups of herbs and medicines, [2] 
equilibrium among internal organic functions, [3] physical 
features, and [4] psychological characteristics. Systematic 
reviews have been performed as well to compare constitu-
tional versus standard acupuncture. The results of these 
reviews demonstrated that constitutional acupuncture is 
effective compared to standard acupuncture [9].

Another subset and variance with acupuncture is the use 
of concomitant electrostimulation, commonly known as 
electroacupuncture. Electroacupuncture was compared to 
traditional acupuncture in another review including 10 trials 
of acupuncture for knee osteoarthritis. The review concluded 
that both methods are effective in the treatment of pain and 
physical dysfunction [10]. Another review by Lev-Ari and 
colleagues identified two large randomized controlled trials 
(RCTs) showing that acupuncture serves as an effective 
complement to standard care by improving function and pro-
viding pain relief in patients with knee osteoarthritis [11]. 
Ezzo and colleagues completed a systematic review that 
included seven trials and 393 patients with knee OA.  The 
results of this review indicated that there is strong evidence 
for pain reduction with acupuncture compared to acupunc-
ture [12].

One of the biggest challenges is a lack of consensus 
regarding the optimal treatment frequency and dose of acu-
puncture. However, a review of 13 randomized controlled 
trials determined that optimal results occur with high body 

temperature, high expectations, minimum of four needles, 
electroacupuncture, electrical stimulation to needles placed 
in muscle, and a course of at least 10 treatments [13].

There are several RCTs evaluating acupuncture for the 
treatment of osteoarthritis compared to a variety of treat-
ments and sham acupuncture. Traditional Chinese acu-
puncture was compared to sham acupuncture in 455 patients 
with knee osteoarthritis who were randomized into three 
groups (waiting list, high expectations of success by acu-
puncturist, or neutral expectations). The study found that 
there is a statistically significant difference in pain reduc-
tion and satisfaction in the acupuncture group with high 
expectations [14]. These findings suggest that the acupunc-
turist’s style and behavior may affect the patient’s response 
[14]. Manual acupuncture and electroacupuncture were 
compared to sham acupuncture in 34 patients with knee 
osteoarthritis resulting in a statistically significant improve-
ment in pain compared to sham in both treatment groups 
[15]. Another study of 32 patients with knee osteoarthritis 
was randomized into four treatment groups: acupuncture, 
transcutaneous electrical nerve stimulation (TENS), both, 
and topical poultice (control) with significant reductions in 
pain intensity and improvement of knee function in the acu-
puncture, TENS, and combined treatment groups [16]. In 
an open study in which 30 patients were randomized into 
either acupuncture, acupuncture with medication, or medi-
cation alone followed by acupuncture 5  weeks later, all 
three groups showed significant improvement after the 
course of acupuncture [17]. Wang and colleagues random-
ized 63 patients with knee osteoarthritis into a treatment 
group combining acupuncture with blood-letting versus 
routine acupuncture and found no significant difference 
between the groups [18].

Beyond the above research on osteoarthritis, there are 
other studies assessing the efficacy of acupuncture on a vari-
ety of musculoskeletal conditions. Some of these studies are 
on vague or widespread pain, whereas others have a focal 
condition or injury being treated.

Acupuncture has been studied for its use in tendon, mus-
cle, and joint pathologies. A single-blinded randomized con-
trolled trial by Lathia et  al. evaluated the efficacy of 
acupuncture for chronic shoulder pain. The study included 
31 patients with osteoarthritis or rotator cuff tendonitis who 
were randomized into three treatment groups: individualized 
acupuncture points, fixed/standard acupuncture points, or 
sham non-penetrating acupuncture. Each subject received 12 
treatments and was followed for 6 weeks. All three groups 
had improvement after 6  weeks, but it was only clinically 
significant in groups 1 and 2 [19]. Another RCT of 68 par-
ticipants looked at true versus sham acupuncture for shoul-
der impingement with significant differences in pain and 
function at 3 months in the patients with true acupuncture 
compared to sham [20].
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A systematic review and meta-analysis were performed to 
evaluate acupuncture for lateral epicondylitis. A total of 10 
RCTs were included with a collective total of 796 patients 
resulting in increased clinical efficacy with acupuncture 
compared to sham acupuncture, medicine therapy, and 
blocking therapy [21].

Acupuncture has also been evaluated to treat chronic 
Achilles tendinopathy. An RCT was performed with 64 
patients being randomized in an acupuncture group vs a con-
trol group that completed eccentric exercises. There was a 
significant improvement in both pain and function at 8, 16, 
and 24  weeks for the acupuncture group compared to the 
control [22]. The efficacy of acupuncture for plantar fasciitis 
has also been assessed through a systematic review conclud-
ing that acupuncture is an effective treatment for the condi-
tion and that the evidence is comparable to other commonly 
used interventions, such as stretching, night splints, and 
dexamethasone [23].

Overall, there is significant heterogeneity of acupuncture 
treatment regimens and inclusion criteria throughout the lit-
erature which makes a definitive conclusion difficult. 
However, there was consistency in the literature that acu-
puncture shows statistically significant benefits for pain and 
function compared to sham acupuncture for the treatment of 
osteoarthritis.

58.3  Electroacupuncture (Percutaneous 
Electrical Nerve Stimulation)

Electroacupuncture (EA), also known as percutaneous elec-
trical nerve stimulation (PENS), is a form of acupuncture uti-
lizing a small electric current passed between pairs of 
acupuncture needles. Similar to traditional acupuncture, there 
are a variety of acupuncture regimens differing in the number 
of treatment points. It has been postulated that there are endo-
crinological changes influenced by electroacupuncture. This 
was demonstrated in a randomized controlled study with sig-
nificant improvement of pain, function, increase in plasma 
beta-endorphin, and a fall in plasma cortisol compared to 
sham acupuncture [24]. Comparatively in another RCT, there 
was a non-statistically significant improvement in pain in 
subjects receiving both two and six acupuncture points [25].

Electroacupuncture has been compared to oral diclofenac 
in an RCT of 60 patients with hip osteoarthritis. There was 
marked improvement of pain and joint function in both 
groups but greater changes in the electroacupuncture group 
[26]. Another comparison of electroacupuncture with diclof-
enac in 186 patients with knee osteoarthritis demonstrated a 
significant improvement in pain and function with elec-
troacupuncture compared to placebo and diclofenac [27]. 
Electroacupuncture has also been compared with hyaluronic 
acid injections in 245 patients with knee osteoarthritis with 

results slightly favoring electroacupuncture without any sig-
nificant difference of the therapeutic effects between the two 
groups [28].

Electroacupuncture has also been compared with TENS 
and patient education in 24 patients with knee osteoarthritis. 
There were reductions in knee pain in both the electroacu-
puncture and TENS groups when compared to the education- 
only group [29]. Another study of 100 patients with knee OA 
compared EA, TENS, and ice massage demonstrated that all 
three methods decreased pain and stiffness [30].

Electroacupuncture was compared to hydrotherapy in the 
treatment of hip osteoarthritis with 45 patients revealing 
improvements in pain, functional activity, and quality of life 
with EA and hydrotherapy both individually and in combina-
tion [31]. Lastly, a broad systematic review was completed 
looking at any MSK disorder of the extremities. This review 
found that EA was superior to exercise for Achilles tendi-
nopathy, superior to placebo for shoulder pain and plantar 
fasciitis [32]. The results of these studies (Table 58.3) pro-
vide a significant foundation of evidence which is promising 
for the use of electroacupuncture for the treatment of 
osteoarthritis.

58.4  Pharmacopuncture and Laser 
Acupuncture

Pharmacopuncture and herbal acupuncture are needle thera-
pies that integrate acupuncture and herbal therapies. A min-
ute amount of herbal extraction is injected in affected areas 
to maximize the efficacies of both acupuncture and herbal 
medicine. In a study of 60 patients with knee OA treated with 
pharmacopuncture using root bark of Ulmus Davidiana 
Planch (UDP) or normal saline acupuncture, the pharmaco-
puncture was more effective in pain improvement although 
without significant differences in the other outcome mea-
sures (Table  58.4) [33]. A systematic review and meta- 
analysis including 16 studies were conducted on the use of 
pharmacopuncture for patients suffering pain related to lum-
bar disc herniations. The results of the review were equivo-
cal; however, the meta-analysis revealed that 
pharmacopuncture has a significant improvement in pain and 
function [34].

Bee venom acupuncture (BVA) is a type of herbal acu-
puncture exerting both pharmacological actions from the bee 
venom as well as a mechanical effect from acupuncture stim-
ulation (Table 58.5). Lee and colleagues performed a review 
of the literature to evaluate evidence regarding the effective-
ness of BVA for arthritis showing that BVA was promising in 
the treatment of arthritis; however, there is limited evidence 
demonstrating the efficacy of BVA in arthritis [35]. Kwon 
and colleagues investigated direct administration of bee 
venom into acupoints of patients with knee OA and demon-
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Table 58.3 Electroacupuncture in MSJK medicine

Method Diagnosis
Study 
size Intervention Control

Outcome 
measures Result

Sheng XP, 
Fan TY 
(2010) [26]

RCT Hip 
osteoarthritis

60 Electroacupuncture Diclofenac VAS Both groups had marked 
reduction of VAS pain scores; 
however, VAS reduction was 
markedly greater in the 
electroacupuncture

Wu et al. 
(2010) [28]

RCT Knee 
osteoarthritis

245 Electroacupuncture Intra-articular 
hyaluronic 
acid injection

Knee symptom 
score, contents 
of cytokines

Knee symptoms scores and 
contents of cytokines were 
significantly lowered in both 
groups, but to a greater extent 
in the electroacupuncture 
group

Ashin et al. 
(2009) [24]

RCT Knee 
osteoarthritis

40 Electroacupuncture Sham 
acupuncture

VAS, 
WOMAC, 
plasma 
beta-endorphin 
and cortisol 
levels, 
self-assessment 
of pain 
intensity

Significant improvement in 
WOMAC and VAS, significant 
rise in plasma beta-endorphin, 
and a significant fall in plasma 
cortisol in the acupuncture 
group

Ng et al. 
(2003) [29]

RCT Knee 
osteoarthritis

24 Electroacupuncture 
(EA), TENS

Control NRS, Timed 
Up-and-Go 
Test (TUGT)

Significant reduction of NRS 
in both EA and TENS groups, 
TUGT score in EA group 
significantly lower than 
control; however, no 
significant change between 
TENS and control

Sangdee 
et al. 
(2002) [27]

RCT Knee 
osteoarthritis

193 Electroacupuncture, 
diclofenac, combined

Placebo VAS, 
WOMAC, 
Lequesne’s 
functional 
index, 50 feet 
walk time

Improvement in VAS 
significantly greater in EA 
compared to diclofenac or 
placebo, significant 
improvement in Lequesne’s 
with EA compared to placebo, 
significant improvement in 
WOMAC between combined 
and placebo

Stener- 
Victorin 
et al. 
(2004) [31]

RCT Hip 
osteoarthritis

45 Electroacupuncture, 
hydrotherapy, 
combination with 
patient education

Patient 
education 
alone

VAS, Disability 
Rating Index 
(DRI), Global 
self-rating 
Index (GSI)

6 month ache and pain 
reduction in EA group, 
3 month with hydrotherapy, 
disability improved 6 months 
in both EA and hydrotherapy, 
quality of life improved 
3 months for EA and 
hydrotherapy; No changes 
with education alone

Yurtkuran 
M, Kocagil 
T (1999) 
[30]

RCT Knee 
osteoarthritis

100 TENS, EA, Ice Placebo Pain at rest, 
stiffness, 
50 feet walk 
time, 
quadriceps 
muscle 
strength, knee 
flexion degree

TENS, EA, and Ice are 
effective in improving all 
objective parameters 
compared to placebo

Cox et al. 
(2016) [32]

Systematic 
review

General MSK 
(Achilles 
tendinopathy, 
plantar fasciitis, 
shoulder pain)

15 
studies

Electroacupuncture Placebo 
(shoulder pain, 
plantar 
fasciitis), 
exercises 
(Achilles)

Pain and 
function

EA is superior to exercises for 
Achilles tendinopathy and 
superior to placebo for 
shoulder pain and plantar 
fasciitis

A. J. De Luigi
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strated a majority (82.5%) of subjects receiving BVA 
reported substantial pain relief compared with traditional 
acupuncture therapy (55%). The therapeutic efficacy was 
favorable irrespective of disease duration (acute, subacute, or 
chronic stage), arthritic type (unilateral or bilateral knee 
OA), and radiological severity [36]. A systematic review and 
meta-analysis regarding BVA for chronic shoulder pain 
(variety of diagnosis) suggested that this modality may be 
beneficial [37]. Lastly, another RCT regarding BVA for 
chronic low back pain is being investigated [38].

Low-level laser acupuncture involves the application of 
low-level laser photic energy, photobiomodulation, to 
 acupuncture points [40]. There has only been one study on 
laser acupuncture (Table  58.6). Yurtkuran and colleagues 
conducted a double-blind, RCT comparing laser acupunc-
ture to sham laser for the treatment of knee osteoarthritis. 

Both groups revealed statistically significant improvements 
in all outcome measures; however, there was a clear superi-
ority in the treatment group in the reduction of periarticular 
swelling [41]. Currently, there is an insufficient volume of 
quality evidence to support the use of pharmacopuncture or 
laser acupuncture for osteoarthritis, and additional high-
quality studies are necessary.

58.5  Moxibustion

Moxibustion is a form of heat treatment in traditional Chinese 
medicine that stimulates specific acupuncture points. The 
term moxibustion is a combination of the word moxa 
(Japanese mogusa-mugwort) and combustion (“burning”) 
and thus the “the burning of mugwort.”

Table 58.4 Pharmacopuncture in MSK medicine

Method Diagnosis
Study 
size Intervention Control

Outcome 
measures Result

Kim 
et al. 
(2010) 
[33]

RCT Knee 
osteoarthritis

60 Pharmacopuncture 
using Ulmus davidiana 
Planch (UDP)

Normal 
saline 
injections

VAS, 
WOMAC, 
SF 36

Pharmacopuncture was more effective 
in pain improvement than normal 
saline injections although there were 
not significant differences in functional 
outcome measures

Byun 
et al. 
(2021) 
[34]

Systematic 
review/
meta-analysis

Lumbar disc 
herniations

16 
studies

Pharmacopuncture Placebo, 
exercises

Pain and 
function

Significant improvement of pain and 
function

Table 58.5 Bee venom acupuncture

Method Diagnosis
Study 
size Intervention Control Outcome measures Result

Lee et al. 
(2005) 
[35]

Review Osteoarthritis 15 
trials

BVA Various Various 2 RCT and 3 uncontrolled trials 
showed BVA effective. There is 
limited evidence regarding 
efficacy of BVA in arthritis

Kwon 
et al. 
(2001) 
[36]

Comparative Osteoarthritis BVA Traditional 
acupuncture

Pain relief, 
computerized infrared 
thermography (IRT)

Significant pain relief and IRT 
score with BVA compared to 
traditional acupuncture

Shen 
et al. 
(2020) 
[37]

Systematic 
review/
meta-analysis

Chronic 
shoulder pain

BVA Placebo Pain and function May be beneficial

Table 58.6 Laser acupuncture

Method Diagnosis
Study 
size Intervention Control Outcome measures Result

Zhao et al. 
[39]

RCT Knee 
osteoarthritis

40 Laser 
acupuncture- 
moxibustion

Sham WOMAC at wk. 2 and 4 Significant improvement in WOMAC 
at 2 weeks but not at 4 in weeks in 
treatment compared to sham

Yurtkuran 
et al. (2007) 
[41]

RCT Knee 
osteoarthritis

52 Laser 
acupuncture

Placebo 
laser 
therapy

VAS, 50 foot walk test, knee 
circumference (KC), medial 
tenderness score (MTS), 
WOMAC, Nottingham 
Health Profile (NHP)

There was statistically significant 
improvement with both groups in all 
outcome measures; however, when 
groups compared to each other, the 
only improvement that the treatment 
group was superior was KC
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Current literature review on moxibustion for the treatment 
of osteoarthritis revealed multiple studies and reviews 
(Table 58.7). In the review of the literature by Choi and col-
leagues, a subgroup analysis showed significant effects of 
moxibustion compared with medication therapy in patients 
with knee osteoarthritis [42]. A review by Lee and colleagues 
suggested significant pain reductions for indirect moxibus-
tion in osteoarthritis compared with medication therapy [43]. 

The largest sample size in this review was the case series of 
563 patients being treated with moxibustion and acupuncture 
for knee osteoarthritis. The results of this case series revealed 
that 75% of the patients achieved a pain reduction of 45% or 
greater with both treatments [44]. An observational study by 
Fu and colleagues on the therapeutic effect of moxibustion 
on knee osteoarthritis with a total effectiveness of 97.5% of 
the 34 patients, although there was no control [45]. A study 

Table 58.7 Moxibustion in MSK medicine

Method Diagnosis
Study 
Size Intervention Control Outcome measures Result

Choi 
et al. 
(2011) 
[42]

Review Rheumatic 
conditions

14 
RCTs

Moxibustion Varied Varied All RCTs of low methodological 
quality Meta-analysis of eight 
RCTs suggest favorable effects 
compared to medications. 
Subgroup analysis show 
significant effects compared to 
medications in knee osteoarthritis 
subgroup

Lee 
et al. 
(2010) 
[43]

Review Pain 14 
RCTs

Moxibustion Varied Varied Two RCTs suggested significant 
pain reduction for indirect 
moxibustion in OA compared to 
medications

Zhang 
QR, Fu 
WB 
(2010) 
[46]

RCT Knee 
osteoarthritis

62 Moxibustion 
with 
acupuncture

Acupuncture VAS, WHOQOL- 
BREF, Lysholm 
knee joint motor 
functions scale

Improvement of VAS and Lysholm 
in both groups; however, degree of 
improvement was superior with 
combination of moxibustion and 
acupuncture. No statistical 
significance in WHOQOL-BREF 
in either group

Su et al. 
(2009)

RCT Knee 
osteoarthritis

65 Moxibustion Infrared therapy Lysholm, pain 
score, joint ROM, 
joint stability, up, 
and down stairs 
score

Improvement in all measures in 
moxibustion group compared to 
infrared

Cao 
et al. 
(2009)

RCT Knee 
osteoarthritis

90 Moxibustion Control WHOQOL-BREF, 
Lysholm

Significantly higher WHOQOL- 
BREF and Lysholm with 
moxibustion

Ding el 
al 
(2009) 
[48]

RCT Knee 
osteoarthritis

90 Moxibustion Western 
medicine 
(ibuprofen), 
waiting group 
(no treatment)

WOMAC, SF-16 No significant difference in 
moxibustion vs. western medicine, 
no significant difference in pre- 
and post-treatment WOMAC or 
SF-16 scores between moxibustion 
or western medicine, both groups 
superior to waiting

Li et al. 
(2008) 
[47]

RCT Knee 
osteoarthritis

90 Monkshood 
cake 
moxibustion

Medication 
(Xianling Gubao 
capsules)

VAS, index of 
severity of OA 
(ISOA) scale

Significant improvement in both 
groups, but significant difference 
with moxibustion compared to 
medication

Fu et al. 
(2007) 
[45]

Observation Knee 
osteoarthritis

34 Moxibustion None Pain, joint mobility, 
stair activity

10 cases cured, 14 cased markedly 
effective, 9 effective, 1 ineffective

Vas 
et al. 
(2004) 
[44]

Case series Knee 
osteoarthritis

563 Moxibustion Acupuncture Pain intensity and 
frequency, daily 
dose of analgesic 
and anti- 
inflammatory 
medications

75% achieved a pain reduction of 
45% or more in both groups

Systematic 
review/
meta-analysis

Low back pain 
due to 
herniation

Moxibustion Multiple controls Pain and function Favorable results, but studies 
demonstrated potential high risk of 
bias

A. J. De Luigi
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of 62 patients was randomized into treatment with moxibus-
tion and acupuncture versus acupuncture alone. While both 
groups demonstrated improvement in VAS and Lysholm 
knee joint motor function scores, the group receiving both 
treatments had a superior degree of improvement [46]. Li 
and colleagues completed an RCT evaluating the clinical 
effect of moxibustion for the treatment of knee osteoarthritis 
and found that 80% of patients treated with moxibustion had 
improvement compared to 53% with medication [47]. 
Another RCT of 90 patients divided into three groups: warm-
ing needle moxibustion, Western medicine (oral NSAID 
medication), and a waiting group; the total effective rate of 
moxibustion was 83% compared to 60% in the western med-
icine group; however, both were significantly better than the 
waiting group [48]. A systematic review and meta-analysis 
of moxibustion for low back pain due to lumbar disc 
 herniation concluded that these studies had a high risk of 
bias and further studies were necessary to determine efficacy 
[49]. Significant heterogeneity exists in the study designs, 
particularly with the preparation and administration of moxi-
bustion. Therefore, although evidence exists supporting the 
use of moxibustion for the treatment of osteoarthritis, it is 
favorable, but far from conclusive.

58.6  Transcutaneous Electrical Nerve 
Stimulation (TENS)

Transcutaneous electrical nerve stimulation (TENS) is the 
use of electrical current via attached electrodes to treat pain. 
There are a wide variety of frequencies that can be applied 
ranging from high frequency (>50  Hz) with an intensity 
below motor conduction to low frequency (<10 Hz) which 
produces muscle contraction. This wide variety of treatment 
intensities leads to significant heterogeneity in the treatment 
protocols utilized in the literature (Table 58.8). Law and col-
leagues attempted to determine the optimal stimulation fre-
quency to reduce pain due to knee osteoarthritis and did not 
reveal any difference after 2  weeks of treatment at 2  Hz, 
100 Hz, or 2/100 Hz [50]. A study by Cheing and colleagues 
attempted to determine the optimal stimulation duration to 
provide analgesia for osteoarthritic knee pain and found that 
40 min of TENS provided the greatest magnitude and dura-
tion of pain reduction [51].

Recent reviews on TENS for knee osteoarthritis identi-
fied a total of 18 studies of 813 patients with knee osteoar-
thritis and initially revealed a large effect on pain relief, but 
after reanalyzing the data and correcting for design flaws, 
they concluded that TENS was no more effective than fake 
stimulation [52, 53]. A Cochrane review on TENS for Knee 
OA was conducted by Osiri and colleagues including seven 
trials with a total of 194 patients that received either TENS 

or placebo and demonstrated TENS yielded significant pain 
relief [54].

An RCT of 100 women with bilateral knee osteoarthritis 
was performed comparing individual and combined treat-
ments with hot pack, short-wave diathermy, ultrasound, and 
TENS with a significant improvement in pain and function 
with TENS plus hot pack [55]. Another study comparing 
TENS, therapeutic ultrasound, and superficial heat did not 
find any statistical significance between the groups on pain, 
function, strength, or quality of life [56]. One study has 
shown that TENS may improve range of motion (ROM) and 
function for a short period, but the results were not sustained 
at 10 days [57].

In an RCT of 60 patients comparing intra-articular hyal-
uronic acid to TENS, there was statistically significant 
improvement in both groups; however, the improvement in 
functional scores was greater in the hylan group [58]. TENS 
has also been compared to nonsteroidal anti-inflammatory 
medication and placebo, with no significant differences 
between any of the treatments [59]. Another RCT compared 
TENS with paracetamol and showed a slight nonsignificant 
difference favoring TENS [60].

The most significant limitation in the review of the TENS 
literature is the wide range of treatment duration and intensi-
ties resulting in varying results. Despite the significant het-
erogeneity in the studies, TENS appears to be effective in 
pain relief of osteoarthritis; however, more studies are neces-
sary to determine the most effective treatment regimen and 
appropriate patient selection.

58.7  Laser Therapy

Low-level laser therapy (LLLT), also known as photobio-
modulation, refers to the use of red-beam or near-infrared 
lasers with a wavelength between 600 and 1000  nm and 
wattage from 5 to 500 milliwatts (compared to surgical lasers 
at 300 Watts). When LLLT is applied to the skin, the low- 
level lasers do not produce any sensation, nor do they burn 
the skin. The low-level laser is absorbed by human skin, and 
it is hypothesized that the laser light can penetrate deeply 
into the tissues where it has a photobiostimulative effect. The 
exact mechanism of its effect is unknown, but hypotheses 
have included improved cellular repair and stimulation of the 
immune, lymphatic, and vascular systems.

A review of the literature (Table 58.9) was conducted to 
evaluate the evidence supporting LLLT to treat the symp-
toms of osteoarthritis. The meta-analysis by Brosseau and 
colleagues in 2000 identified 13 trials in patients with either 
rheumatoid arthritis or osteoarthritis. In the OA studies, there 
were a total of 197 patients that were randomized. The 
pooled estimate did not show significant differences in pain, 
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joint tenderness, joint mobility, or strength, but there was sta-
tistically significant heterogeneity in the treatment regimens 
(wavelength, site of application, duration) [61]. Another 
Cochrane review by Brosseau and colleagues in 2007 
expanded the initial review and focused only on OA. A total 

of seven trials were included, with 184 patients randomized 
to laser and 161 to placebo laser. The results of the Cochrane 
review were the same as the initial review and did not find 
any significant improvement in any of the outcome  measures, 
except one study demonstrated significant improvement of 

Table 58.8 TENS in MSK medicine

Method Diagnosis Study size Intervention Control
Outcome 
measures Result

Rutjes A 
(2010) 
[52]

Review Knee 
osteoarthritis

18 trials 
(813 
persons)

TENS Various Various Large effect on pain relief, moderate 
improvement of function; however, 
only small trials and larger trial is 
needed

Rutjes 
et al. 
(2009) 
[53]

Cochrane 
review

Knee 
osteoarthritis

18 trials 
(813 
persons)

TENS Various Various Inconclusive due to small trials of 
questionable quality

Cetin 
et al. 
(2008) 
[55]

RCT Knee 
osteoarthritis

100 TENS, short 
wave 
diathermy, 
ultrasound

Hot packs 
+/−isokinetic 
exercise

VAS, Lequesne 
index

Pain and disability index scores 
were significantly reduced in each 
group compared to the control 
group; particularly TENS and 
diathermy

Eyigor 
et al. 
(2008) 
[56]

RCT Knee 
osteoarthritis

45 TENS, 
ultrasound

Superficial heat 
and exercise

VAS, Lequesne 
index, 
WOMAC, 20 
meter walk test, 
SF36

Both treatment groups had 
significant improvement on activity 
VAS, 20 m walking test, Lequesne 
index, WOMAC, and most of the 
sub-scores of SF36 comparted to 
control group

Cheing 
GL, Tsui 
AY 
(2004)

RCT Knee 
osteoarthritis

Two 
groups

TENS Placebo TENS VAS, Timed Up 
and Go Test 
(TUGT), knee 
ROM

TENS produced a significantly 
greater increase in maximum knee 
ROM comparted to placebo, 
moderate correlation in reduction of 
pain scores, no significant difference 
on TUGT

Paker 
et al. 
(2006) 
[58]

RCT Knee 
osteoarthritis

60 TENS Hyaluronic 
acid injection

VAS, WOMAC, 
Lequesne index, 
SF36

Statistically significant improvement 
on WOMAC with both TENS and 
injection from baseline, pain relief 
sustained for 6 months in both 
groups, no change in physical 
function and SF36

Law PP, 
Cheing 
GL (2004) 
[50]

RCT Knee 
osteoarthritis

34 TENS Placebo TENS VAS, TUGT, 
knee ROM

Significant pain reduction, TUGT 
time, and knee ROM between 
treatment and control

Cheing 
GL et 
(2003) 
[51]

RCT Knee 
osteoarthritis

38 TENS Placebo TENS VAS 40 minutes of TENS is optimal 
treatment duration providing 
statistically significant pain 
reduction compared to placebo

Osiri et al. 
(2000) 
[54]

Cochrane 
review

Knee 
osteoarthritis

7 trials 
(294 
patients)

TENS Various Various TENS and acupuncture like TENS 
provide significantly better pain 
reduction compared to placebo

Lewis 
et al. 
(1994) 
[59]

RCT Knee 
osteoarthritis

36 TENS, NSAID Placebo TENS, 
placebo drug, 
double placebo

Pain diary No significant difference across all 
groups, but NSAID plus placebo 
TENS more effective than double 
placebo

Lewis 
et al. 
(1984) 
[60]

Double 
blind cross 
over

Knee 
osteoarthritis

30 TENS Placebo TENS VAS Length of pain relief significantly 
longer compared to placebo

Taylor 
et al. 
(1981)

Double 
blind cross 
over

Knee 
osteoarthritis

10 TENS Placebo Pain relief Statistically significant pain relief 
with TENS compared to placebo
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knee range of motion [62]. An RCT by Hegedus and col-
leagues was completed after these reviews showing that 
there was a significant improvement of pain, knee circumfer-
ence, and pressure sensitivity as well as improvement in 
thermographic measurements suggesting an effect on the 
microcirculation for the treatment group [63]. Additionally, 
an RCT of LLLT for the treatment of hand osteoarthritis did 
not demonstrate significant improvement versus placebo for 
pain relief, stiffness, nor function [65].

Despite some positive findings, there are four important 
factors that significantly increase the heterogeneity of the lit-
erature and thus dilute the applicability of the results: wave-
length, treatment duration, dosage, and site of application. 
This practical data and appropriate patient selection need to 
be further clarified to elucidate the efficacy of LLLT for OA.

58.8  Massage Therapy

Massage therapy is utilized for several musculoskeletal con-
ditions. One of the limiting factors in evaluating the efficacy 
of massage therapy is the vast heterogeneity in treatment 

techniques. Overall, there is a paucity of evidence-based lit-
erature on massage therapy for the treatment of osteoarthritis 
(Table 58.10). Perlman and colleagues randomized 68 adults 
to Swedish massage versus no treatment and demonstrated 
significant improvements in pain and function in those 
receiving massage [66]. Another study evaluated aroma- 
massage therapy with ginger and orange oil to massage with 
olive oil and revealed that there was significant improvement 
of physical function and pain in the aroma massage therapy 
group at 1 week that was not sustained at 4 weeks [67]. At 
the current time, there is insufficient evidence to support 
massage therapy for the treatment of the symptoms of 
osteoarthritis.

58.9  CAM for OA

As discussed above, there are several limitations in the 
evidence- based review of CAM for osteoarthritis. One of the 
more interesting aspects is that there is a paucity of literature 
in English peer-reviewed journals, particularly modalities 
that originated in Chinese medicine. Other major issues 

Table 58.9 Laser in MSK medicine

Method Diagnosis Study size Intervention Control Outcome measures Result
Zhao et al. 
(2010) [39]

RCT Knee 
osteoarthritis

40 Laser 
acupuncture- 
moxibustion

Sham WOMAC at wk. 2 and 
4

Significant improvement in 
WOMAC at 2 weeks but not 
at 4 weeks in treatment 
compared to sham

Brosseau 
et al. 
(2007) [64]

Cochrane Osteoarthritis Seven RCTs 
(345 patients)

Low-level Laser 
Therapy 
(LLLT)

Placebo 
laser

Pain, joint tenderness, 
ROM

No significant difference in 
any outcome measures, 
except one study found 
significant improvement of 
knee ROM

Brosseau 
et al. 
(2005) [65]

RCT Hand 
osteoarthritis

88 Low-level Laser 
Therapy 
(LLLT)

Placebo 
laser

Pain relief, morning 
stiffness, functional 
status, finger ROM, grip 
strength

No significant difference in 
any measures (except CMC 
opposition ROM) in LLLT 
vs. sham

Brosseau 
et al. 
(2000) [61]

Meta- 
analysis

Osteoarthritis 13 RCTs (RA 
and OA-386 
total patients of 
which 197 OA)

Laser Placebo 
laser

Pain, morning stiffness, 
function, ROM

In OA patients, no 
significant effects on any 
outcome measure

Hegedus 
et al. 
(2009) [63]

RCT Knee 
osteoarthritis

LLLT Placebo 
laser

VAS, thermography, 
joint flexion, 
circumference, pressure 
sensitivity

Significant improvement in 
pain relief and pressure 
sensitivity in treatment 
group

Table 58.10 Massage in MSK medicine

Method Diagnosis
Study 
size Intervention Control

Outcome 
measures Result

Yib YB, 
Tam AC 
(2008) [67]

RCT Knee pain 59 Aromatic (1% Zingiber 
officinale and 0.5% Citrus 
sinensis) massage, olive 
oil massage

No massage WOMAC, 
pain, 
stiffness

Superior improvement with 
aromatic massage compared to both 
control and placebo groups at 
1 week, but not sustained at 4 weeks

Perlman 
et al. (2006) 
[66]

RCT Knee 
osteoarthritis

68 Swedish massage Delayed 
intervention

WOMAC, 
VAS

Significant improvement in 
WOMAC and VAS
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include the heterogeneity of treatment regimens and patient 
selection and the lack of consensus regarding an exact treat-
ment making a true comparison extremely difficult. Despite 
these limitations, the evidence is promising with several 
CAM for the treatment of osteoarthritis and other musculo-
skeletal conditions. Although more studies with a homoge-
nous treatment regimen are necessary, the current evidence is 
favorable for acupuncture, electroacupuncture, moxibustion, 
and TENS for musculoskeletal conditions and osteoarthritis 
in particular. Given how frequently massage is used for mus-
culoskeletal conditions and in particular soft tissue pain, the 
lack of published literature on this treatment was unantici-
pated. The current evidence is clear that LLLT is ineffective 
for osteoarthritis, and there is insufficient evidence for phar-
macopuncture, BVA, and massage for osteoarthritis and 
other musculoskeletal conditions.
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Osteopathic Medicine: Musculoskeletal 
Applications

Laura Griffin and Darren C. Rosenberg

59.1  ICD 10 Codes

• M99.00 Segmental & somatic dysfunction of head region
• M99.01 Segmental & somatic dysfunction of cervical 

region
• M99.02 Segmental & somatic dysfunction of thoracic 

region
• M99.03 Segmental & somatic dysfunction of lumbar 

region
• M99.04 Segmental & somatic dysfunction of sacral 

region
• M99.05 Segmental & somatic dysfunction of pelvic 

region
• M99.06 Segmental & somatic dysfunction of lower 

extremity
• M99.07 Segmental & somatic dysfunction of upper 

extremity
• M99.08 Segmental & somatic dysfunction of rib cage
• M99.09 Segmental & somatic dysfunction of abdomen & 

other regions CPT Codes
• 98925-29 Osteopathic manipulative treatment (OMT 

based on number of regions treated)

59.2  Description

Osteopathic manipulation is a component of osteopathic 
medicine comprising palpatory diagnosis and manipulative 

treatment based on three tenets: the structure and function of 
the body are reciprocally interrelated; the body has self- 
healing and self-regulating mechanisms; and the patient 
should be treated as an integrated entity incorporating physi-
cal, mental, and emotional elements.

Andrew Taylor Still, MD, who developed osteopathy and 
introduced it in 1874, did not view osteopathic treatment in 
isolation. Rather, osteopathic principles and techniques were 
to be integrated into the practice of all physicians as a com-
plementary system of diagnosis and treatment. The 2012 
National Health Interview Survey showed that chiropractic 
or osteopathic manipulation is the fourth most commonly 
used form of all complementary health approaches [1].

Osteopathic manipulative medicine (OMM) is the applica-
tion of osteopathic philosophy, structural diagnosis, and use 
of osteopathic manipulative treatment in the diagnosis and 
management of the patient. Osteopathic manipulative treat-
ment (OMT) is the therapeutic application of manually 
guided forces by an osteopathic physician to improve physi-
ologic function and/or support homeostasis that has been 
altered by somatic dysfunction [2]. An osteopathic structural 
examination focuses on the patient’s musculoskeletal system, 
with attention to posture and the motion of the spine and other 
joints. Palpatory examination is performed to evaluate asym-
metry, changes in tissue texture, restriction of motion, and 
tenderness in the joints, muscles, ligaments, tendons, and fas-
cia. An abnormal finding is called somatic dysfunction.

The ability to use palpation to detect somatic dysfunc-
tion is both a psychomotor and sensorimotor skill essential 
for osteopathic diagnosis and treatment. OMT is used to 
treat somatic dysfunction, with the goal of reducing pain, 
removing motion restrictions, improving mechanical func-
tion, or supporting the healing of an injury. Palpation is also 
used to evaluate a patient’s response to OMT as well as 
other interventions such as physical therapy, medications, 
and injections.

Somatic dysfunction can be diagnosed by testing the 
patient’s range of motion both passively and actively both at 
regional levels as well as in individual joints and spinal seg-
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ments. A normal physiologic barrier is reached at the end of 
the active range of motion, while a passive range of motion 
carries the joint further to the anatomic barrier. However, 
somatic dysfunction creates a restrictive barrier that is 
reached before the normal physiologic barrier, and OMT is 
directed at restoring normal motion by improving or elimi-
nating these restrictive barriers. Restoring normal motion 
may improve the body’s self-healing capacity by enhancing 
arterial flow to and venous and lymphatic drainage from the 
tissues in the area. On a global level, maintaining optimal 
function of the thoraco-abdomino-pelvic cylinder and free 
motion of the diaphragm allows for better blood flow, tissue 
oxygenation, and lymphatic drainage for the whole body. A 
somatic dysfunction of the thoraco-abdomino-pelvic cylin-
der is believed to interfere with the body’s self-healing and 
self-regulating mechanisms.

59.3  Methods of Osteopathic Manipulative 
Treatment (OMT)

There are multiple OMT methods used in patient care. A 
direct technique engages the restrictive barrier and carries 
the dysfunctional joint or tissue through that barrier such that 
normal, symmetrical motion is approached or completely 
restored. Indirect techniques move away from the restrictive 
barrier, thereby decreasing the tension in the tissues causing 
the dysfunction and presumably inhibiting the spinal reflex 
causing increased muscle hypertonicity. Some techniques 
are considered combined treatment methods in which the 
initial positioning of the tissues is away from the restrictive 
barrier then changing to a direct force to restore normal 
motion. Techniques can also be classified as active or pas-
sive. An active technique requires the patient to voluntarily 
perform a physician-directed motion, whereas in passive 
techniques, the patient needs only to stay relaxed.

59.3.1  High-Velocity/Low-Amplitude (HVLA) 
Technique

HVLA (Fig. 59.1), also known as thrust technique, is what is 
typically thought of when considering “manipulation.” It is a 
passive, direct treatment in which a thrust is delivered 
quickly, over a very short distance to restore specific joint 
motion. This is always performed within the joint’s normal 
range of motion, never moving past the anatomic barrier. 
With precise positioning of the involved joint, this can be 
done with minimal force. The thrust may or may not produce 
an audible “popping” sound, known as joint cavitation [3], 
but its presence does not indicate resolution of the somatic 
dysfunction, and its absence does not mean the thrust did not 
achieve the desired result. Like most osteopathic techniques, 
the principle of HVLA can be applied in most joints of the 

spine, ribs, pelvis, and extremities and is useful when a firm 
barrier or “hard end feel” is perceived on palpation.

59.3.2  Muscle Energy Technique (MET)

MET (Fig. 59.2) is a direct, active technique in which the 
physician engages the restrictive barrier, holding the involved 

Fig. 59.1 High-velocity/low-amplitude (HVLA) technique (thrust 
technique)

Fig. 59.2 Muscle energy technique
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joint in a controlled position while the patient resists the phy-
sician’s force isometrically for a few seconds at the 
 physician’s direction. After the tissues are allowed to relax 
for a short period, the new barrier is then engaged, and the 
technique is repeated until normal motion is restored. Muscle 
energy is well tolerated and is useful when a direct technique 
is needed, but there are contraindications to HVLA. It does 
require that the patient have enough strength to provide the 
necessary resistance and the ability to understand and 
respond to the physician’s instructions.

Articulatory technique (Fig.  59.3) is a direct, passive 
technique in which the involved joint is moved through a 
moderate to a wide range of motion at a slow pace. The bar-
rier can be engaged in a single movement, or the practitioner 
can use a repetitive springing motion to engage the barrier 
multiple times until normal motion is restored.

59.3.3  Myofascial Release (MFR)

MER (Fig. 59.4) technique is a passive technique that can be 
done in either a direct or indirect fashion, based on physician 

preference and patient tolerance. Indirect MFR and other 
indirect techniques are often used in cases in which directly 
engaging the barrier may be too painful or cause reflex 
spasm, such as when the patient has suffered an acute injury. 
MFR utilizes a constant force and ongoing palpatory feed-
back to reduce tension in the dysfunctional muscles and 
related fasciae.

59.3.4  Soft Tissue Techniques

These are a diverse group of techniques that may use longi-
tudinal and/or perpendicular stretching of the muscles, as 
well as kneading and deep pressure (Fig.  59.5). These are 
used by themselves to treat hypertonicity of the muscles and 
fascial restrictions or may be employed prior to other treat-
ments when the tissues are too restricted to comfortably 
engage the restrictive barrier.

59.3.5  Counter Strain

Also called strain/counterstrain (Fig.  59.6), it is a passive 
indirect technique that reduces pain from a specific tender 
point. Tender points are often referred to in the literature as 
tender points or Jones points, after the physician who devel-
oped the theory of counterstrain. They are believed to be a 
manifestation of somatic dysfunction of muscles and joints 
and are found in consistent locations associated with those 

Fig. 59.3 Articulatory technique

Fig. 59.4 Myofascial release (MFR) technique
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dysfunctions. Unlike myofascial trigger points, tender points 
do not radiate. The patient is positioned such that the tender-
ness in the point is nearly or completely relieved and that 
position is maintained for 90 s or until the tissues have com-
pletely relaxed. The patient is then passively returned to a 
neutral position, and the patient is re-examined for residual 
tenderness and somatic dysfunction. The indirect positioning 
of the patient is believed to reduce gamma efferent firing in 

the involved muscles that are hypertonic due to the abnormal 
function of proprioceptive reflexes.

59.3.6  Indirect Techniques

Indirect techniques (Fig. 59.7) such as balanced ligamentous 
tension, facilitated positional release, and functional tech-
nique, among others, are presumed to function on the same 
physiologic mechanisms as counterstrain but are not based 
on locating particular tender points. Most commonly, a par-
ticular segmental or articular dysfunction is identified and 
positioned indirectly to affect the reflex hypertonicity that is 
maintaining the dysfunction. Often, they are differentiated 
by small features such as the addition of a compressive or 
decompressive force and whether the tissues are moved back 
through the restrictive barrier after initial treatment in the 
indirect position. One advantage to counterstrain and other 
indirect techniques is that they are well tolerated in cases of 
acute injury or severe pain and spasm.

59.4  Indications, Contraindication, 
and Complications of OMT

59.4.1  Indication for OMT

The indication for the application of osteopathic manipula-
tive treatment techniques is the presence of somatic dysfunc-
tion diagnosed by palpation during an osteopathic structural 
exam. There are times in the setting of systemic illness that 
OMT such as a lymphatic pump or rib raising may be done 
to maximize a patient’s physiologic function to aid in recov-
ery without the diagnosis of somatic dysfunction. Those 
techniques can also help with the edema from an acute joint 
injury when performed proximal to that joint, where local 
techniques are likely contraindicated. Once a decision is 

Fig. 59.5 Soft tissue technique

Fig. 59.6 Counterstrain technique

Fig. 59.7 Indirect technique
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made to do OMT, the type of technique selected is usually 
based on a combination of physician skill and experience 
together with patient condition and preference.

59.4.2  Contraindications for OMT

Contraindications can be either absolute or relative and are 
determined by many factors that are related to the patient’s 
diagnosis, the type of technique, and the region being treated. 
For example, while any technique would be contraindicated 
at the site of an acute fracture or ligament rupture, once that 
is stabilized, gentle treatment of hypertonic muscles in adja-
cent regions may relieve the tension on the injured tissues. 
Most technique-related contraindications are for direct 
action techniques like HVLA, MET, or articulatory tech-
niques, all of which are contraindicated in any type of acute 
tissue injury, severe osteoporosis, joint infection or inflam-
mation, osteomyelitis, coagulation disorder, hypermobility, 
and severe arthritis or tumor, to name a few. Diagnosis- 
specific contraindications include things like rheumatoid 
arthritis, in which the upper cervical spine can become 
unstable in severe disease. Gentle indirect techniques in 
joints of the extremities that are not acutely inflamed may be 
safe and well tolerated, however. As long as the physician 
takes a thorough history, performs a detailed physical exami-
nation, and uses appropriate caution and common sense, it is 
easy to avoid using OMT in contraindicated situations.

59.4.3  Potential Complications with OMT

The most feared complication is vascular injury and CVA 
after cervical spine high-velocity manipulation. While statis-
tically rare, the results can be devastating. Unfortunately, 
provocative tests have not been shown to predict who is vul-
nerable to vertebral artery insufficiency or injury and, in fact, 
creates the risk of causing the problem they are attempting to 
prevent. The position of extreme rotation combined with 
extension in the upper cervical spine should be avoided in 
both examination and treatment. Other possible complica-
tions can arise when too much force is used or force is 
applied too close to the endpoint of the range of motion, thus 
disrupting the anatomic barrier and causing tissue damage. 
Appropriate and judicious use of force should never put the 
patient at risk of tissue injury.

59.5  Complementary Effect of Osteopathic 
Care and Physical Therapy

Osteopathic physicians who do OMT have long recognized 
the benefit of adding physical therapy (PT) to their treatment 
plans. There are multiple ways these approaches can be syn-

ergistic. When patients presenting in such severe pain cannot 
tolerate structural examination and treatment in any mean-
ingful fashion, starting with physical therapy modalities like 
heat, ultrasound, TENS, and gentle movement can reduce the 
patient’s overall hyperalgesia and kinesiophobia prior to 
starting OMT. Patients who have been in chronic pain often 
become deconditioned which can impede their recovery pro-
cess. Physical therapists can design a targeted exercise pro-
gram to improve posture and core strength and stability, 
allowing the osteopathic treatments to be more effective and 
last longer. Chronic postural decompensation can create 
somatic dysfunction and pain that may be relieved by OMT 
but will return if those imbalances are not addressed.

59.6  Differentiating Osteopathic 
Manipulation from Chiropractic 
Manipulation

While both osteopathic and chiropractic manipulation were 
initially introduced around the same time in the late nine-
teenth century, they have evolved differently as evidenced by 
their treatment approaches and scope of practice. Of course, 
there are always exceptions to any generalization; however, 
some basic distinctions in these manipulative approaches can 
be made. Traditionally, chiropractors are thought to focus on 
spinal dysfunction in order to affect the neurologic function 
of the rest of the body via the spinal cord. Osteopathic physi-
cians take a broader approach, also considering the osseous 
and soft tissue dysfunctions of the entire body to diagnose 
the cause of the patient complaint. Chiropractic manipula-
tion is most commonly associated with primarily HVLA/
thrust-type maneuvers, while OMT takes many different 
approaches as discussed in the beginning of this chapter. 
Osteopathic physicians rely on palpation to diagnose somatic 
dysfunction, while chiropractors typically diagnose sublux-
ations on X-ray and may use other technology such as ther-
mal scans to diagnose the paraspinal tissues. Lastly, 
chiropractors tend to see patients for shorter visits but with 
greater frequency than osteopathic physicians.

59.7  Osteopathic Applications to Common 
MSK Conditions

Manipulative treatment has been shown to be efficacious in 
many types of musculoskeletal conditions, but when looking 
for this evidence in the literature, it is important to remember 
to search broadly across all professions that provide manipu-
lative treatment. These include osteopathic medicine, oste-
opathy performed by nonphysician osteopaths, chiropractic, 
and physical therapy. While these professions are by no 
means equivalent in their methods and scope of practice, the 
architecture and physiology of the joints and tissues do not 
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change based on who is trying to affect them and, therefore, 
any studies showing the efficacy of manipulative treatment 
should be considered when evaluating the evidence. Some 
examples of manual treatment providing clinical benefit in 
common musculoskeletal conditions are provided here, but 
the body of literature is much greater than the scope of this 
chapter can detail.

59.7.1  Osteopathic Care in Shoulder Disorders

Shoulder pain is a common complaint and can have many 
different etiologies. Shwerla et al. performed a randomized 
controlled trial with a total of 70 patients utilizing five OMT 
treatments which demonstrated improvement in both the 
VAS and pain intensity measurements as well as improved 
frequency of pain episodes [4]. Atkinson et al. showed that 
chiropractic manipulation improved pain and range of 
motion in patients with rotator cuff tendinopathy [5]. 
Adhesive capsulitis has also been shown to respond well to 
manipulative treatment, including scapular mobilization and 
Spencer muscle energy technique [6, 7]. Because the shoul-
der girdle is a complex anatomical structure, it seems logical 
that ensuring free motion of all the associated articulations 
and soft tissues would be beneficial. In particular, many 
osteopathic physicians contend that since the scapula is 
almost entirely embedded within the muscle that attaches to 
the cervical and thoracic spine and ribcage as well as the 
clavicle and humerus, restoring optimal mechanics to all of 
those structures should be a prerequisite to addressing the 
actual shoulder dysfunction.

59.7.2  Osteopathic Care in Elbow Disorders

While elbow disorders such as medial and lateral epicondy-
litis are common, they have been less studied with regard to 
manipulation or other manual treatment as compared to other 
musculoskeletal diagnoses. However, a systematic review on 
the use of joint mobilization in the elbow, wrist, and hand did 
support the use of joint mobilization in lateral epicondylalgia 
[8]. Manipulation of the wrist has also been shown to be ben-
eficial in lateral epicondylitis as compared to other physical 
therapy treatments [9].

59.7.3  Osteopathic Care in Wrist and Hand 
Disorders

With the almost constant use of computers, video game sys-
tems, and mobile devices, hand and wrist disorders like car-
pal tunnel syndrome (CTS) and de Quervain’s tenosynovitis 
have become more prevalent. CTS has been shown to 

improve symptomatically with myofascial release and other 
manipulative techniques [10]. Additionally, an increase in 
the length of the transverse carpal ligament and improve-
ment in nerve conduction studies have been demonstrated, 
although the number of patients in these studies has been 
small [11, 12]. Another small pilot study showed improve-
ment in CTS symptomatology with multiple osteopathic 
treatments but no change in nerve conduction or functional 
morphology of the carpal tunnel to account for the symptom-
atic change [13]. Multiple case reports have shown the ben-
efit of manual treatment in de Quervain’s tenosynovitis, but 
no larger studies could be located.

59.7.4  Osteopathic Care in Pelvic Disorders

Sacroiliac (SI) joint pain and dysfunction can be a common 
component of mechanical low back pain [14, 15]. MET 
directed at the SI joint, along with moist heat, has been 
shown to improve pain and spinal ROM [16]. Dysfunction of 
the sacrum, innominates, and lumbar spine can affect leg 
length and weight-bearing [17], potentially leading to long- 
term articular and soft tissue changes. One study intended to 
compare thrust-type techniques, MET and a simulated tech-
nique applied to SI joint dysfunction in athletes, demon-
strated improvement from both types of manipulation as 
compared to the sham technique [18, 13]. The SI joint also 
plays a role in intrapelvic complaints such as dysmenorrhea 
and chronic pelvic pain. Manipulation has been shown to 
improve the low back pain as well as serotonin levels in pri-
mary dysmenorrhea [19].

59.7.5  Osteopathic Care in Hip Disorders

Hip pain is a common complaint in athletes as well as the 
aging population experiencing degenerative changes to the 
femur and acetabulum. Interestingly, multiple studies 
regarding hip pain in athletes demonstrate that treatment of 
the SI joint actually affects hip pain, ROM, and perfor-
mance, rather than the hip joint itself [20, 21]. This illus-
trates the osteopathic concepts of body unity and structure 
and function, specifically that the location of the pain is not 
always the location of the associated dysfunctions and a 
thorough structural exam is required rather than simply 
examining the area of the presenting complaint. With respect 
to osteoarthritis (OA) of the hip, one study from the 
Netherlands examined the impact of manual therapy versus 
exercise therapy on the pain and loss of function in 109 
patients with hip OA. While both methods showed improve-
ment, 81% of patients receiving manual therapy showed a 
decrease in pain and an increase in function as compared to 
50% of the exercise therapy group [22].
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59.7.6  Osteopathic Care in Knee Disorders

Patellofemoral pain syndrome (PFPS) is a common and 
well-studied diagnosis, and treatment is multifaceted, includ-
ing different types of targeted exercise and manipulation of 
the knee as well as the rest of the body. One study that pro-
vided full-body osteopathic treatment showed statistically 
significant improvement in the Visual Analog Scale (VAS) 
for multiple measures of pain and function [23]. Zago et al. 
compared OMT applied to the lumbar spine, SI joint, hip, 
knee, and ankle to both exercise and no intervention in the 
treatment of PFPS.  Both groups showed improvement in 
pain compared to the control group, but OMT also showed 
increased function and improvement in some individually 
measured lower extremity mechanics [24]. Osteoarthritis of 
the knee has been shown to respond well to OMT.  In one 
study, OMT and exercise showed significantly higher func-
tional improvement and pain relief when compared to exer-
cise alone [25]. Another interesting study showed that 
full-body OMT performed preoperatively twice prior to total 
knee arthroplasty resulted in decreased postoperative pain 
and opioid consumption as compared to typical preoperative 
care [26].

59.7.7  Osteopathic Care in Ankle and Foot 
Disorders

Ankle sprains are a commonly seen injury in the emergency 
department and outpatient settings. Eisenhart et al. studied 
OMT in the emergency department for ankle injuries and 
demonstrated immediate improvement in pain and swelling 
and improvement in ROM when re-examined 5–7 days later 
[27]. A systematic review of manipulation in lateral ankle 
sprains showed improvement in multiple outcomes immedi-
ately after performing the treatments with no detrimental 
effects [28]. Plantar fasciitis is another common diagnosis 
that may be improved by the addition of manual therapy. 
Specifically, a systematic review by Fraser et al. showed a 
definite improvement in function and pain with the use of 
manual therapy as compared to more typical physical ther-
apy treatments of stretching and strengthening, as well as 
other modalities [29]. As plantar fasciitis often has a pro-
longed course and significantly impacts patient quality of 
life, it is worth considering adding anything that will hasten 
full recovery.

59.7.8  Osteopathic Care in Spine Disorders

Most of the research on osteopathic treatment centers around 
spine disorders. One of the most influential articles has been 
the meta-analysis of studies on the treatment of low back 
pain [30] in which OMT was associated with highly signifi-
cant reduction in pain (p = 0.001), significant reduction in 

pain associated with OMT for short-term, intermediate-term, 
and long-term follow-ups. Not many studies differentiate 
between types of OMT given the amount of clinical decision- 
making involved in each patient case; however, one study 
showed no difference between HVLA and MET which were 
both effective in reducing pain after the first session and after 
15 days [31]. OMT has also been shown to be effective in 
neck pain and cervicogenic headache [32, 33]. Osteopathic 
treatment is commonly used in other frequently seen spine 
disorders including scoliosis, arthritis, and disc problems. 
There are a wide variety of studies showing a range of effi-
cacy from positive long-term response to no statistical differ-
ence from standard care, but no major studies have shown 
negative outcomes [34]. Given that back pain is in the top 
five most common reasons for visits to a physician, there are 
many opportunities for integration of osteopathic treatment 
in the overall care plan for patients. Considering that back 
pain is a major cause of absenteeism from work, getting 
patients back to work more quickly using OMT as part of the 
treatment could have a positive effect on economic outcomes 
in terms of productivity and reduced health care and disabil-
ity costs.

59.7.9  Osteopathic Care in Chest Wall Pain

Chest wall pain, also known as chest wall syndrome, is a 
nonspecific term that encompasses multiple diagnoses and 
etiologies including trauma, costochondritis, Tietze’s syn-
drome, lower rib pain syndrome, and others. It is essentially 
used to account for chest wall symptoms after more serious 
visceral problems or rheumatic diseases that could be per-
ceived as chest pain are ruled out. Hussain et al. detail the 
osteopathic approach to all types of chest pain [35]. Flodine 
and Thomas provide an excellent summary and treatment 
approach for inhaled rib somatic dysfunctions which are 
commonly seen in anterior chest wall pain [36], and the prin-
ciples of evaluation and treatment described there represent 
a comprehensive approach to any chest wall complaints that 
are not due to any other diagnosis.
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60.1  Prolotherapy

Prolotherapy is the use of an irritant to achieve tissue heal-
ing, typically at painful tendon and ligament insertions 
(enthesis) or joints. The term prolotherapy (from proliferant 
therapy) was coined based on the observation that a larger 
cross-sectional area (i.e., “proliferation”) of ligamentous tis-
sue was seen after prolotherapy injection in animal models 
[1]. Prolotherapy also has emerging evidence for its benefit 
in painful joints such as the knee OA, where the mechanism 
for improvements in pain and function is not yet fully under-
stood. In practice, prolotherapy has been studied and offered 
as a series of 4–6 injections, which may be week(s) apart. 
Prolotherapy is very inexpensive, and the injectate is easy to 
mix in an office setting. Research on prolotherapy may be 
limited by the fact that it is not covered by CMS or other 
health insurance (Table 60.1). Prolotherapy does not involve 
the injection of any human blood or tissue product, so the 
above FDA regulation does not apply.

Mechanism Chemotactic agents are thought to elicit the 
inflammatory cascade in tendons and ligaments as some cells 
lyse with the net effect of an increase of growth factors, 
resulting in fibroblast proliferation and collagen formation. 
The ideal outcome of this treatment is stronger connective 
tissue, with improved soft tissue recovery.

Material The most common irritant used is hyperosmolar 
dextrose, but other irritants include zinc sulfate, glycerin, 

phenol, and guaiacol. Dextrose is felt to be an ideal prolifer-
ant because it is water-soluble and a normal constituent 
within blood, which can be injected safely. Dextrose is typi-
cally injected with a concentration above 10% (studies have 
ranged from 10% to 20%) as it can create an osmotic effect 
on local cells at this level. Chemotactic agents used include 
sodium morrhuate.

60.2  Platelet-Rich Plasma (PRP)

Platelet-rich plasma (PRP) generally describes plasma con-
sisting of platelet density above baseline. Platelets have alpha-
granules containing cytokines, anabolic and anti- inflammatory 
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Table 60.1 Highest level of evidence for prolotherapy

Rotator cuff 
tendinopathy

Randomized prospective comparative trial, 
prolotherapy vs exercise, 1-year follow-up; 
improved VAS, SPADI, and WORC [2]
Randomized controlled, blinded prospective 
comparative trial vs saline, 9-month follow-up, 
improved pain and satisfaction [3]

Plantar fasciitis Randomized prospective comparative trial, 
prolotherapy vs stretching, 1-year follow-up 
improved VAS, FAOS [4]

Osgood- 
Schlatter disease

Randomized prospective comparative trial, 
prolotherapy vs lidocaine injection vs physical 
therapy. 1-year follow-up, improved pain scales in 
prolotherapy compared to either group [5]

Knee OA Randomized controlled, blinded prospective 
comparative trial. Prolotherapy vs lidocaine vs 
home exercises. 1-year follow-up showed 
improved pain, function, and stiffness WOMAC 
scores [6]
Randomized controlled, blinded prospective 
comparative trial. Prolotherapy vs lidocaine. 
1-year follow-up, improved pain and swelling [7]

Lateral 
epicondylalgia

Randomized controlled, blinded prospective 
comparative trial prolotherapy vs steroids, 
3-month follow-up. Improved VAS and quick 
DASH at 3 months [8]

Finger 
osteoarthritis

Prospective randomized double-blind placebo- 
controlled trial. Prolotherapy vs xylocaine, 
6-month follow-up. Improved pain with motion [9]

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-92042-5_60&domain=pdf
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growth factors, as well as dense granules containing serotonin, 
adenosine diphosphate, dopamine, and adenosine triphos-
phate. Alpha-granules more specifically contain multiple key 
growth factors including insulin-like growth factor (IGF-I/III), 
transforming growth factor beta (TGF-β), platelet-derived 
growth factor (PDGF), vascular endothelial growth factor 
(VEGF), and basic fibroblast growth factor (bFGF). IGF-I 
stimulates fibroblast chemotaxis and proliferation, mostly dur-
ing inflammatory and proliferative phases of healing. TGF-β 
has multiple functions including mesenchymal stem cell 
(MSC) stimulation and specialization, collagen synthesis, 
neovascularization, chemotaxis of endothelial cells, and regu-
lation of mitosis. TGF-β also plays a role in fibrosis of skeletal 
muscle, ultimately leading to scar formation. PDGF stimulates 
other growth factors and modifies tissue during the process of 
healing. Taken together, these cytokines support anabolism, 
and there are also immunomodulatory properties of PRP that 
may counteract the effects of catabolic cytokines and 
interleukins.

There are additional components to consider in PRP, and 
not all PRP is created the same. PRP may be categorized by 
platelet concentration, concentration of total leukocytes, 
composition of leukocytes (neutrophils vs. monocytes), and 
concentration of RBCs. PRP may also be activated prior to 
injection. Various classification systems have been intro-
duced, such as the PLRA classification (platelet count, leu-
kocyte presence, RBC presence, and activation) without any 
particular classification system becoming standard for the 
field. Generally, RBCs are toxic to the cartilage and bone, do 
not provide helpful cell signaling, and should be removed 
from PRP products. The presence of leukocytes, especially 
neutrophils, is a current topic of research, and unfortunately, 
many studies on PRP do not fully quantify the cell counts of 
this component. The lack of PRP preparation protocols and 
injectate characterization, as well as heterogeneity in PRP 
preparation injection protocols, makes it difficult to compare 
studies and contributes to some mixed outcomes reported 
with PRP treatments. At this time, neutrophils are thought to 
be counterproductive in joints as they release free radicals 
and dominate the early stages of inflammation. Neutrophils 
have a catabolic profile with higher concentrations of tumor 
necrosis factor-α (TNF-α), interleukin 6 (IL-6), interferon-ϒ 
(IFN-ϒ), and interleukin-1 (IL-1), which may contribute to 
synoviocyte death and are counterproductive to the desired 
effect on joints. Yet, there is debate in the role of neutrophils 
in tendon pathologies as some postulate neutrophils may 
break down tendinopathic architecture for remodeling. 
Although, this theory has never been validated.

Monocytes and macrophages are other key leukocytes 
that play a critical role in injury repair. Monocytes and mac-
rophages guide vascular remodeling, stimulation of local 
stem cells and progenitor cells, and structural repair in mus-
cle and bone. These cells span a continuum of inflammatory 

(M1) macrophages to anti-inflammatory or pro-regenerative 
macrophages (M2), and their function depends on their 
microenvironment.

It is good practice to perform cell counts to determine the 
actual content of the PRP injected into an individual. These 
counts should include baseline as well as post-processing 
numbers. It is helpful to dose the number of the platelets 
given, as this is the intervention provided by the practitioner. 
It is also important to instruct patients to avoid NSAIDs and 
aspirin for 2 weeks before and after PRP injections to get the 
maximal effect from PRP. This is because NSAIDs interfere 
with platelet degranulation, and the lifespan of platelets is on 
average just over 10 days.

There are numerous studies regarding the use of PRP, in 
the treatment of various orthopedic conditions including ten-
dinopathies and joint osteoarthritis (Table  60.2). There is 
additionally new emerging evidence regarding PRP use in 
the spine (epidural, facet, and sacroiliac joint injections) as 
well as around nerve sheaths, but there is currently a lack of 
high-quality studies.

60.3  Platelet-Poor Plasma (PPP)

Platelet-poor plasma (PPP) has been previously regarded as 
a waste product from the production of PRP, but there is lab-
oratory evidence to suggest PPP has beneficial effects on 

Table 60.2 Evidence for PRP use in orthopedics

Knee OA The most heavily studied application for 
PRP. Best outcomes are for leukocyte poor 
PRP for mild knee osteoarthritis (KL 1–2). 
PRP lasts longer than HA injections (1 year vs 
6 months)

Hip OA Multiple studies found benefit with both PRP 
and HA [10]. More mild, higher platelet 
concentration, lower leukocytes tended to 
respond better [11]

SI joint dysfunction Study with superiority to steroids [12]
Lateral 
epicondylosis

Multiple level 1 evidence supporting 
leukocyte-rich
PRP over steroids [13, 14]

Greater trochanteric 
insertional 
tendinopathy

Multiple studies with superiority over steroids 
[15, 16]

Plantar fasciopathy Supported by studies with US guidance +PRP 
characterization [17], not supported by studies 
without guidance or PRP characterization
[18]

Patellar 
tendinopathy

Superior to dry needling for short-term 
outcomes [19], at 6 and 12 months superior to 
shockwave therapy [20]

Rotator cuff 
tendinopathies

Mixed results in the literature, although results 
supported PRP when ultrasound-guided and 
injectate described [21–23]

Achilles 
tendinopathy

Mixed results, without strong evidence to 
support PRP use
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myogenesis, the formation of skeletal muscle tissue. PPP 
contains fibrinogen and fibronectin, which mediate fibroblast 
proliferation, capillary tube proliferation, and angiogenesis, 
thereby promoting revascularization and wound healing. 
PPP also contains bioactive molecules such as PDGF and 
IGF-1, which may mediate the pro-myogenic effect on 
 myoblasts. In laboratory studies, PPP induces myoblasts to 
differentiate and create myotubes, the multinucleated cells 
that result from the fusion of myoblasts which become mus-
cle fibers. PRP does contain a greater quantity of platelet-
derived factors such as TGFβ-1 that are detrimental for this 
differentiation and are pro-fibrotic, so PPP is thought to hold 
promise for skeletal muscle injuries [24]. More clinical stud-
ies are needed to determine whether PPP does improve mus-
cle pain and function. Of note, PPP is in compliance with 
FDA guidelines for regenerative products.

60.4  Bone Marrow-Based Injections

Bone marrow is found in many areas of the body and is felt 
to contain various cells including cells often referred to as 
mesenchymal stem cells that may further differentiate or par-
ticipate in cell signaling during the healing process. 
Mesenchymal stem cells, or MSCs, may be best referred to 
as “medicinal signaling cells,” for their paracrine/immuno-
modulatory/trophic effects on nearby cells in the healing 
process as recommended by Arnold Caplan [25]. MSCs are 
also seen in umbilical cords, skeletal muscle, and synovial 
tissue but are particularly rich in the bone marrow and adi-
pose [26]. MSCs can direct differentiation, replacing expired 
cells, although they may have even greater local effects 
through the secretion of growth factors, chemokines, cyto-
kines, and exosomes known to promote tissue repair. MSCs 
have been shown to have paracrine effects through trans-
forming growth factor beta (TGF-ß), fibroblast growth factor 
(FGF), and vascular endothelial growth factor (VEGF), 
which aid in the repair of tissue and modulation of inflamma-
tion. MSCs also have an immunomodulatory role through 
polarizing monocytes from inflammatory (M1) to anti- 
inflammatory or pro-regenerative cells (M2).

MSCs in bone are present in highest concentrations in 
central bone sites such as the sternum, vertebral bodies, and 
iliac crest. The iliac crest has been found to have the greatest 
concentration of MSCs, is in a convenient location for aspi-
ration, and can be aspirated without significant discomfort, 
so it has become the most common source for aspirating 
MSCs in humans. Several studies have noted that to maxi-
mize yields of total nucleated cells, it is best to use small- 
volume aspirations from multiple sites or multiple depths 
[27]. After the first 10-15 cc of aspirate at each site, there is 
an increased amount of whole blood compared to the desired 
nucleated cells, and typically 60–120 mL of bone marrow 

aspirate is desirable between the multiple sites. Following 
aspiration, a concentration of the bone marrow aspirate is felt 
to be necessary to reduce the volume of the injectate and 
produce the greatest concentrations of cells per milliliter.

The following conditions listed in Table 60.3 have the 
most data regarding bone marrow aspirate efficacy. Some sur-
gical applications such as treating cartilage defects, avascular 
necrosis, and hip osteonecrosis with procedures or injections 
below the cartilage are out of scope of this chapter.

60.5  Adipose-Based Injections

Adipose tissue also contains a heterogenous population of 
stromal cells which are involved in cell signaling, providing 
a supply of MSCs. Adipose tissue may be processed into sev-
eral different products, including microfragmented adipose 
tissue (MFAT), enzyme-digested stromal vascular fraction 
(SVF), and cultured adipose stem cells (ASC). All of these 
products have different concentrations of their relative cel-
lular components and may be different in their biological 
effects. At this time, certain devices that can create MFAT 
have 510(k) clearance to provide MFAT, which providers 
have been using for various orthopedic conditions. SVF and 
ASCs are not minimally manipulated, so they cannot yet be 
used in practice outside of an FDA-approved study.

Previously bone marrow was felt to be the preferred 
source for MSCs; however, bone marrow-derived MSCs 
have not been shown to have superiority over adipose- 
derived MSCs, and many providers prefer adipose due to 
ease of aspiration. In fact, mature adipocytes have been 
shown to be able to de-differentiate in vitro, expressing mes-
enchymal morphology and immunophenotype, with a simi-
lar DNA methylation condition to bone marrow-derived 
MSCs [33]. Studies comparing MFAT and bone marrow con-
centrate for knee osteoarthritis have not shown a significant 
difference between the two sources [34]. Bone marrow cel-

Table 60.3 Bone marrow aspirate-based injections and evidence

Knee OA The most heavily studied, generally beneficial. It 
has been suggested 400 million cells are required 
[28]. Studies with less effect often have 
procedural mistakes (e.g., many RBCs injected 
rather than concentrated nucleated cells)

Elbow 
tendinopathy

Prospective case series with intra-tendinous 
injection of bone marrow concentrate beneficial 
through 12-week follow-up [29]

Rotator cuff 
Glenohumeral 
OA

Registry of 115 shoulders with generally good 
outcomes [30]

Hip OA Improved numeric pain score, and Oxford Hip 
Scale, persisting with multiple-year follow-up 
[31]

Discogenic pain Multiple publications for discogenic back pain, 
with dose-dependent improvement [32]
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lularity may decline as we age, while the content of fatty 
tissues does not change significantly, so clinicians may pre-
fer to use adipose-derived products over bone marrow in the 
elderly for this reason as well.

60.5.1  Adipose Tissue Preparations

 (a) Microfragmented adipose tissue (MFAT) contains many 
of the same heterogenous stromal cells as regular adi-
pose, but with oils and debris removed. MFAT is obtained 
using tumescent anesthesia and lipoaspirating the adi-
pose with a low-pressure syringe. Tumescent anesthesia 
refers to subcutaneous infiltration of large volumes of 
tumescent fluid containing lidocaine, saline, and epi-
nephrine (1:1,000,000) to produce anesthesia and reduce 
bleeding of the targeted areas. Once harvested, MFAT is 
obtained by resizing the lipoaspirate tissue by mechani-
cal processing. The adipose is washed with normal 
saline to remove oils, RBCs, and debris. The final prod-
uct contains a variety of cells including mature adipo-
cytes, endothelial cells, and adipose-derived stem cells. 
The processing meets the FDA’s requirement of minimal 
manipulation. MFAT can be injected under ultrasound 
guidance to the location of interest.

There are also technical considerations for lipoaspi-
rating the adipose that may make the procedure go 
smoothly. It is helpful to spend time to find areas that 
have sufficient fat reserves, often at the upper buttocks, 
or at the posterolateral thighs. Ultrasound can be consid-
ered to identify locations that contain sufficient adipose 
tissue. After injecting tumescent anesthesia, it is helpful 
to wait 15  minutes for the epinephrine to take effect. 
This will reduce bleeding and the number of RBCs in the 
product. Pre-tunneling (going back and forth with the 
cannula to create tracks) during the stage injecting 
tumescent anesthesia may make harvesting easier, faster, 
and with less trauma to other subcutaneous tissues.

 (b) Stromal vascular fraction (SVF) is a heterogeneous popu-
lation of various immune, precursor, progenitor, stromal, 
and stem cells, without the mature adipose cells as seen in 
MFAT.  Obtaining SVF requires enzymatic dissociation, 
centrifugation, and filtration, which is more than minimal 
manipulation, as the properties of the adipose tissue are 
altered with disruption of the collagen- based extracellular 
matrix. After processing the product contains adipose-
derived stem cells, pericytes, hematopoietic stem cells, 
endothelial progenitors, fibroblasts, smooth muscle cells, 
T regulatory cells, monocytes, macrophages, lympho-
cytes, and pre-adipocytes. FDA- approved studies are cur-
rently ongoing for specific indications, such as knee 
osteoarthritis, regarding the use of SVF.

 (c) Adipose stem cells (ASCs) may also be culture expanded 
when seeking to obtain larger quantities of a purer stem 
cell product. Cells may be cultured in a medium such as 
fetal bovine serum or human serum. Adipose stem cell 
expansion can take weeks to obtain a large number of 
true stem cells, so this product is more than manipulated 
and not same-day use. These techniques are clearly not 
in accordance with FDA guidelines for regenerative 
procedures.

Clinical studies have included MFAT and SVF, with 
MFAT the most commonly used adipose product. Most com-
mon applications are given in Table 60.4. There have been 
additional studies with adipose-based products combined 
with various surgical procedures, but that is beyond the scope 
of ultrasound-guided injections.

60.6  Alpha-2 Macroglobulin (A2M)

Alpha-2 macroglobulin (A2M) is a plasma protein mostly 
found in blood and bone marrow. It is mainly produced in the 
liver but is also produced locally by macrophages and fibro-
blasts. A2M can block matrix metalloproteases (MMPs), 
such as collagenase and trypsin. Considering some of these 
MMPs are thought to break down cartilage in rheumatoid 
and osteoarthritis, there has been interest in using A2M to 
treat these conditions. There have been intra-articular animal 
models with A2M exerting an anti-inflammatory effect, 
attenuating cartilage and bone loss in a collagen II-induced 
arthritis model, the most common rheumatoid arthritis model 
[41]. There have also been animal models of osteoarthritis 
demonstrating chondroprotective effects of A2M in rats [42]. 
At this time, there have been no studies with long-term out-
comes regarding the efficacy of using A2M to treat arthritis 
in humans.

Table 60.4 Applications and evidence of adipose-based injections

Knee OA The most heavily studied, 80+ peer-reviewed 
publications with MFAT. Positive results for 
more advanced osteoarthritis compared to PRP 
(KL 2–3), many with 3-year follow-up

Meniscus injury Cohort and case studies with favorable outcomes
Rotator cuff tears Numerous cases of reduced shoulder pain, 

reduced defect size, studies have included MFAT 
and SVF [35]

Achilles 
tendinopathy

Randomized prospective clinical trial, SVF 
superior to PRP [36]

Lateral 
epicondylosis

SVF in 12 cases, improvement in pain scores, 
and tendon defect healing on ultrasound [37]

Osteonecrosis of 
the femoral head

SVF case reports with improvements in 
symptoms and bone regeneration on MRI 
[38–40]
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60.7  Interleukin Receptor Antagonist 
Protein (IRAP)

IRAP is a member of the interleukin cytokine family, where 
IL-1RA protein is a natural inhibitor of the pro-inflammatory 
effect of IL1β, decreasing inflammation and modulating the 
immune response. IRAP is secreted by various types of cells 
including immune cells, epithelial cells, and adipocytes. 
IRAP has not been well studied for injections in humans, 
although it has been used in veterinary medicine to inject the 
joints of horses and other animals. Anakinra is a pharmaceu-
tical recombinant and slightly modified version of the human 
interleukin 1 receptor antagonist protein, a subcutaneous 
injection, used for the treatment of rheumatoid arthritis in 
humans. Researchers in Germany have also published an 
IRAP product called Regenokine (US product name) and 
Orthokine (German product name). Obtaining this product 
from whole blood requires heating before centrifugation and 
is not FDA compliant.

60.8  Birth Tissues

Amniotic membrane and amniotic fluid products are obtained 
from donors from uncomplicated, elective C-sections, as this 
is relatively aseptic compared to vaginal delivery. After col-
lection, the products are washed in antibiotic and anti-fungal 
agents, then stored as cryopreserved human amniotic mem-
brane or dehydrated human amniotic membrane products. To 
date, birth tissues containing live cells such as umbilical cord 
blood and placental tissues cannot be used for orthopedic 
conditions (not FDA compliance for homologous use). There 
have additionally been issues with bacterially contaminated 
products in patients who have received non-FDA-approved 
umbilical cord blood-derived stem cell products. Cultures of 
unopened products have been identified with E. coli and E. 
faecalis, and patients with joint injections or infusions have 
suffered from bloodstream infections, joint infections, and 
epidural abscesses [43].

In 2018, a single product containing allogeneic micron-
ized dehydrated human amnion/chorion membrane was 
given regenerative medicine advanced therapy (RMAT) des-
ignation by FDA for treatment of knee OA. Instead of cells, 
these products are thought to contain growth factors that may 
help in the healing response. Human clinical trials of these 
products are still lacking.

60.9  Exosomes

Exosomes are membrane-bound extracellular vesicles that 
contain and transfer not only protein and lipids but also 
mRNA and microRNA into acceptor cells. Exosomes were 
once thought to be a system to dispose of debris, but there is 

now evidence that the cargo has functional effects in recipi-
ent cells. Exosomes are thought to play roles in cell-cell 
communication and transmission of macromolecules 
between cells. It is not well understood how to specifically 
obtain and inject regenerative exosomes. Exosomes may 
play roles in tissue healing, but their exact functions are 
poorly understood, and under FDA regulations, there are 
currently no approved uses of exosomes.

60.10  Posttreatment Rehabilitation

There has been very little research regarding post- 
regenerative procedure rehabilitation.

Some procedures such as needle tenotomy of the Achilles 
may merit a few weeks of relative rest prior to starting 
aggressive physical therapy, and other applications may not 
require delay in rehab. Mautner et al. published a suggested 
rehabilitation protocol based on basic scientific understand-
ing of tissue healing [44]. Regenerative procedures them-
selves also have some theoretical considerations that may 
guide current practice.

Physical therapy generally begins at 4 weeks following 
the procedure depending on the injection, and eccentric exer-
cises with greater tendon loads may be introduced at 6 weeks 
for tendon procedures. Recovery after regenerative proce-
dures can be considered in light of the stages of the healing 
response:

 (a) Initial Phase: For the first few days, there is growth fac-
tor and cytokine release, chemotaxis, and synthesis of 
type III collagen. This initial phase with regenerative 
treatments may have differences compared to the typi-
cally described “inflammatory phase” of tissue healing 
as the tissue products have a different composition com-
pared to whole blood.

 (b) Inflammatory Phase: By preferentially selecting the 
appropriate blood or tissue products (like PRP or adi-
pose), the local environment of the injection may have 
more of an anti-inflammatory cytokine profile in regard 
to mediators of pain and swelling. NSAIDs should be 
avoided for approximately 2  weeks before and after 
injection. NSAIDs have antiplatelet effects in regard to 
PRP, and depending on the dose and duration may impair 
soft tissue healing. After injection immobilization is not 
necessary in most cases, as this may be detrimental to 
the recovery of tendons, ligaments, and muscle. Tissues 
best respond to motion and load for healing, via mecha-
notranduction. Topical heat rather than ice may be con-
sidered, as ice may impair platelet function and 
degranulation after these procedures.

 (c) Proliferation phase: Generally, it is few weeks after PRP 
injection where type II collagen is laid down with pro-
teoglycan production. Activity as tolerated may be con-
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sidered to preserve a range of motion, but the patient 
may not be ready for formal therapy that more aggres-
sively loads the area. Rather, a gradual loading of tissue 
would be recommended. Finally, the remodeling phase 
takes place during the first 6 weeks to 1 year, where type 
1 collagen is laid down. Physical therapy generally 
begins at 4 weeks following the procedure depending on 
the injection, and eccentric exercises with greater tendon 
loads may be introduced at 6  weeks for tendon 
procedures.

60.11  FDA Guidance for “Regenerative 
Treatments”

If a provider is to offer regenerative treatments, he or she 
must be aware of FDA guidelines regarding the use of these 
products in order to maintain compliance (Table  60.1). 
Products derived from human blood and tissues are regulated 
by the FDA’s Center for Biologics Evaluation and Research 
(CBER). The regulatory process for these products is 
described in the FDA’s 21 CFR 1271 of the Code of 
Regulations. Under these regulations, certain products, 
including blood products such as PRP, are exempt and there-
fore do not follow the FDA’s traditional regulatory pathway 
that includes animal studies and clinical trials. There are 
numerous PRP preparation systems on the market today with 
FDA 510(k) clearance, although musculoskeletal injections 
with many of these systems are often technically considered 
“off-label.” Clinicians are free to use a product off-label as 
long as certain responsibilities are met. Per CBER, when the 
intent is the practice of medicine, clinicians “have the respon-
sibility to be well informed about the product, to base its use 
on firm scientific rationale and on sound medical evidence, 
and to maintain records of the product’s use and effects.”

Cellular products, including adipose- and bone marrow- 
based injections are currently looked at with more scrutiny 
compared to PRP. Human cells or tissue intended for implan-
tation, transplantation, infusion, or transfer into a human 
recipient are regulated as a human cell, tissue, and cellular 
and tissue-based product or HCT/P. The Center for Biologics 
Evaluation and Research (CBER) regulates HCT/Ps under 
21 CFR Parts 1270 and 1271. Examples of such tissues are 
bone, adipose, ligaments, tendons, and hematopoietic stem/
progenitor cells derived from peripheral and cord blood. In 
order for these cellular products to be in FDA compliance for 
use in orthopedics, products should be homologues, mini-
mally manipulated, and not combined with other products 
and have no systemic effect or dependency on the metabolic 
effect of living cells for its function. This is summarized in 
Table 60.5. In practice to be compliant with current regula-
tion, providers should consider limiting orthobiologic injec-

tions to oneself for a same-day procedure from when the 
HCT/Ps were harvested.

Certain biologic products would not be compliant with 
this FDA guidance including stromal vascular fraction, typi-
cally involving an enzymatic processing step which is more 
than minimal manipulation. There are FDA-approved studies 
(results pending) that may allow for the use of SVF for mus-
culoskeletal conditions (knee osteoarthritis) in the near 
future. Umbilical cord products with live cells for musculo-
skeletal conditions are not compliant. Additionally, as of this 
writing, there are no FDA-approved exosome products. 
Furthermore, clinicians should be careful with how they 
describe adipose or bone marrow-based injections to the 
patient. For example, when considering adipose for the treat-
ment of osteoarthritis pain, it may be discussed that adipose 
helps with local cell signaling. Marketing adipose injectate 
as a “stem cell” procedure that regenerates cartilage and 
bone would not be appropriate according to current 
guidelines.
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exemption from these criteria “if you are in 
an establishment that removes HCT/Ps 
from an individual and implants such 
HCT/Ps into the same individual during 
the same surgical procedure”
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Tendinopathy
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61.1  Synonyms

• Tendinitis
• Tendonitis
• Tendinosis
• Paratenonitis
• Paratendinitis
• Enthesopathy/enthesitis
• Tendon ruptur

61.2  ICD-10

• M67.90 – Soft tissue disorder related to use, overuse, and 
pressure of tendon

• M65.2 – Calcific tendonitis
• M75.1 – Rotator cuff syndrome
• M75.2 – Bicipital tendonitis
• M75.3 – Calcific tendonitis of shoulder
• M76.0 – Gluteal tendonitis
• M76.1 – Psoas tendonitis
• M76.5 – Patellar tendonitis
• M76.6 – Achilles tendonitis
• M76.7 – Peroneal tendonitis
• M77 – Other enthesopathies
• M66.2 – Spontaneous rupture of extensor tendons
• M66.3 – Spontaneous rupture of flexor tendons
• M66.8 – Spontaneous rupture of other tendons

61.3  Description

Tendon disease is a common cause of musculoskeletal com-
plaints and presents in a wide variety of patients. Tendinopathy 
can be a descriptor of tendon disease and can be specifically 
categorized based on the pathophysiology of the disease, 
ranging from inflammation to degeneration. Tendinopathy 
can be associated with a clinical syndrome characterized by 
pain, swelling, and impaired performance [1]. The most fre-
quently involved anatomical sites for the development of ten-
dinopathy are the rotator cuff, the long head of the brachial 
biceps, the extensor and flexor tendons of the wrist, the thigh 
adductors, the posterior tibial tendon, the patellar tendon, 
and the Achilles tendon [2]. The type of sport and occupa-
tional activity in which the patient participates may influence 
the development of tendinopathy at specific anatomical loca-
tions. Despite being widely studied, its etiology is still uncer-
tain and is now subclassified into different tendon lesions 
described in Fig. 61.1. As reviewed extensively in the medi-
cal literature [4–7], tendon dysfunction is caused by a failed 
healing response secondary to multiple factors like continu-
ous inappropriate mechanical stimuli, repetitive movements, 
and poorly vascularized tissue [1]. Despite being described 
primarily as a degenerative condition, tendinopathy can pres-
ent with inflammatory features in its early stages. There is an 
imbalance between tissue recovery and healing accompanied 
by a release of pro-inflammatory substances that contribute 
to the onset of pain, even if no clinical evidence of inflamma-
tion is found. Following the initial inflammatory phase, the 
healing process can still be impaired and subsequent changes 
that characterize tendinopathy as a degenerative condition 
occur [8]. Chronic changes (e.g., thickening of the tendon, 
collagen remodeling, neovascularization) disrupt tendinous 
fibers and promote the release of pro-inflammatory cyto-
kines. This cellular response may lead to an increase in type 
3 collagen deposition that hinders the original tendon com-
position and structure, making the tendon susceptible to 
damage. Both intrinsic and extrinsic factors play a critical 
role in the development of tendinopathy (Fig.  61.2). 
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Additional key factors that trigger tendon degeneration 
include high temperature secondary to strenuous exercise, 
hypoxia, and loss of repair mechanisms [9, 10]. Degenerated 
fibers are infiltrated and replaced by lipid and mucoid mate-
rials that alter their parallel arrangement and the mechanical 
properties of the tendon. As a result, there is an alteration in 
the glycogen composition and tenocytes, creating a fragile 
and painful tendon [10].

61.3.1  Anatomy

Tendons are formed by different types of collagen molecules 
of which type I is the most abundant. These molecules are 
arranged in helical structures, which are grouped to form fas-
cicles. These fascicles are bound by the endotenon to make 
the tendon unit. The tendon surface is wrapped by the epi-
tenon, a connective tissue sheath continuous with the endo-
tenon, which facilitates the sliding of the tendon in distal 
areas of joints. The paratenon surrounds the tendons and 
facilitates the movement of tendons below the skin [11]. All 
tendon cells are covered by the extracellular matrix where 
cell signaling, exchange of nutrients, and cell proliferation 
occur. Tendons’ primary function is to transfer force pro-
duced by muscle contraction and create body movement [8]. 
Other functions are kinetic energy absorption and storage 
and participation in proprioception mechanisms.

61.4  Clinical Presentation

Symptoms may vary depending on the anatomical location, 
but all sites share some presenting features. Pain is often 
described as dull, insidious, and, on some occasions, sharp. 
Occupational activities, exercise, and sports may exacerbate 
and worsen the pain when using specific movements (e.g., 
rotator cuff tendinopathy in an overhead athlete may worsen 
with activity above the shoulder). Patient history evaluation 
should include the identification of modifiable (intrinsic) and 
activity-related (extrinsic) factors. Besides the classic muscu-

Paratenonitis Peritendinitis
Tendinitis Tendinosis

Enthesopathy/
enthesitis

Partial
rupture

• Inflammation
 of the
 paratenon

• Inflammation
 of paratenon
 and sheath

• Inflammation
 of the tendon

• Degeneration
 of tendon • Rupture of

 tendon
• Bone-tendon
 pathology

Fig. 61.1 Spectrum of tendon damage [3]. (Created with BioRender.com)
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Fig. 61.2 Tendinopathy risk factors. (Modified from Federer et al. [3])
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loskeletal survey, it is also important to assess if the patient is 
engaging in any repetitive stress or increase in load of any 
particular joint (e.g., increasing time, intensity, or volume of 
practices). Ultimately, a thorough evaluation is warranted as 
tendinopathy may be confused with other etiologies. For 
example, radial tunnel syndrome and C7 radiculopathy can be 
confused with lateral epicondylitis, calcaneal apophysitis can 
be confused with Achilles tendinopathy, a stress fracture can 
be confused with posterior tibial tendinopathy, and an inflam-
matory arthropathy can be confused with patellar tendonitis.

61.5  Physical Examination

The clinical examination should be performed in an orderly 
manner, addressing specific complaints of the patient and 
possible causative or contributing factors. Physical examina-
tion begins with inspection, which may reveal local swelling, 
erythema, muscle atrophy, or tendon gap. In addition, obser-
vation for anatomical alignment or abnormal posture and 
biomechanics are important for identifying predisposing fac-
tors. Palpation of the tendon origin, insertion, or tendon sub-
stance can elicit tenderness or discomfort. Adjacent soft 
tissues, such as muscle or bursae, may also be tender. Range 
of motion (ROM) must be evaluated during active and pas-
sive movement. Loss of active motion may be associated 
with pain inhibition, muscle weakness, nerve injury, or ten-
don tear. Loss of passive motion may be seen in patients with 
tendon contracture. Muscle strength can be affected by mus-
cle inhibition, immobilization, contracture, and tendon rup-
ture. Clinical weakness in some cases can be attributed to the 
altered biomechanics and anatomic misalignment. 
Neurologic evaluation should reveal normal sensation and 
muscle stretch reflexes. Special tests directed at specific ten-
dons to reproduce common mechanisms of injury should be 
included in the examination [12].

61.6  Diagnostic Workup

Ultrasound (US) and magnetic resonance imaging (MRI) are 
the most commonly used imaging approaches to evaluate 
tendon pathologies [13], as structural alterations of tendi-
nopathies show in these imaging techniques. Various studies 
have assessed the accuracy and sensitivity of these two 
modalities, with no clear advantage on one being the gold 
standard [14, 15]. As both show non-inferior value compared 
to the other, each provides distinct benefits, and selection 
must be based on patient presentation.

Ultrasound With US, normal tendon texture appears homo-
geneous with parallel echogenic lines reflecting the internal 
fibrillar structure of the tendon. In tendinopathy, the fibrillary 

disorganization and the lack of parallel alignment of fibers 
generate multiple reflections and shadowing that are repre-
sented by an area of hypoechogenicity [8].

MRI Overall, MR has a higher diagnostic accuracy [15] with 
visualization of adjacent areas and the articulation, making it 
useful on instances where a distinction between diagnoses 
must be established [14]. The downsides of MRI are its high 
costs and it is less available than the ultrasound. In contrast, 
the US is highly sensitive and provides a practical tool that 
captures a dynamic image that makes it possible to evaluate 
passive and active movements in real time, while visualizing 
the intratendinous condition [14]. Potential disadvantages are 
that the quality of imaging is user-dependent and there is dif-
ficulty evaluating deep tendons. The diagnostic value of both 
imaging modalities may be limited in patients in which 
abnormal imaging findings do not correlate with the patient’s 
clinical presentation or that are asymptomatic [14].

61.7  Treatment

61.7.1  Medical Management

Nonsteroidal Anti-Inflammatory Medications (NSAIDs)  
Oral NSAIDs are a drug class commonly used to alleviate 
pain and decrease inflammation and, consequently, used as a 
therapeutic intervention in the management of tendinopathy. 
In the acute setting, they help to reduce symptoms and allow 
participation in rehabilitation programs. In particular, ibu-
profen has shown a lower risk profile compared with other 
NSAIDs [9]. However, long-term use is not recommended 
since the pathology of the disease is primarily degenerative, 
there is lack of sustained inflammation, and the possibility of 
delay in healing of tendinous tissue has been reported [16]. 
NSAIDs’ potential downsides include the risk of reinjury 
and the common side effects associated with their mecha-
nism of action (e.g., gastric ulcers, cardiovascular events, 
renal injury), particularly in older patients [16]. For patients 
at risk for gastrointestinal bleeding, selective COX-2 inhibi-
tors (e.g., Celebrex) are associated with a safer profile. 
Topical NSAIDs like diclofenac have shown no significant 
differences in the efficacy of symptom management in com-
parison to oral NSAIDs [17]. In both modalities, effects may 
be short-lived and may inhibit the healing process, thus 
weakening the tendon.

Nitric Oxide Nitric oxide appears to have a role in the syn-
thesis of new tissue during tendon healing [18]. Clinically, it 
has been used in the form of transdermal patches showing a 
positive effect in tendon healing response and pain control 
with short-term use. Headaches have been reported as a com-
mon secondary effect [18].

61 Tendinopathy
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61.7.2  Rehabilitation

Exercise-Based Rehabilitation Rehabilitation of tendon 
injury should be individualized to the patient, requires activ-
ity modification to allow the tendon to heal, and combines 
therapeutic modalities and exercise. A progressive exercise 
program is the foundation for the treatment and rehabilita-
tion of tendinopathies [8]. Different protocols have been 
established, including eccentric exercises, combined eccen-
tric and concentric exercises, and heavy-slow resistance 
(HSR) training, with no protocol demonstrating an advan-
tage over the others. Both eccentric and HSR exercises have 
shown long-term pain relief, principally in patients with 
patellar tendinopathy. Isotonic and isometric exercises pro-
vide immediate pain relief, with isometric exercises showing 
analgesic effects for longer than 45 min after a single exer-
cise session. Isometric exercises also showed superior pain 
improvement scores up to 4 weeks later when compared in 
reevaluations with isotonic exercises [13].

In general, tendons respond more favorably to cyclic 
loading rather than large magnitudes of load [19]. Regular 
and well-structured exercise positively affects the tendon tis-
sue by strengthening it through the production of new colla-
gen fibers [20]. An ideal training plan will possibly combine 
more than one protocol to implement adequate load-bearing 

exercises, varying from patient to patient based on a compre-
hensive assessment of the patient’s needs and conditioning. 
A sample rehabilitation program (Fig. 61.3) was proposed by 
Cardoso et al. for lower extremity tendinopathies consisting 
of progressive loading and unloading of the tendon promot-
ing pain reduction [9]. This proposed routine can be custom-
ized for the patient’s current and expected function. A recent 
systematic review by Burton et al. outlines the importance of 
resistance training exercise in different lower extremities 
tendinopathies and the need for implementation of a better 
methodology especially on the progression of exercises and 
individualization of the training program [21].

Extracorporeal Shock Wave Therapy (ESWT) ESWT, 
which releases growth factors that activate tenocytes, has 
shown effectiveness, mostly in insertional Achilles tendinop-
athy [22], gluteal [23] and proximal hamstring [24] tendi-
nopathy, as well as calcific tendonitis [16]. The use of radial 
vs. focal ESWT and specific treatment parameters are yet to 
be described for accurate prescriptions in different types of 
tendinopathy, and further investigation is warranted.

Thermal Modalities Cold and hot treatments are simple 
approaches that have been widely used; cold treatment aims 
to decrease inflammation and cell metabolism, while thera-
peutic heat stimulates cell activity and increases blood flow 

� Isometric exercise relieves tendon pain.
� A sustained isometric muscle contraction in mid to inner range of movement should be held for 30-45 Seconds and
 repeated five times with a 2-minute rest.

Stage 1
Isometric
Exercise

Stage 2
Isotonic and

HSRE

Stage 3
Increase in
speed and

energy storage
exercises

Stage 4
Energy storge
and release or
sport specific

exercises

� Isotonic exercise improve muscle strength and tendon stiffness.
� These are done on alternate days and should be completed slowly, targeting the affected  tendon in isolation, for 4
  sets of 6-8 repetitions.

� A gradual increase in speed of functional movements should be started 2-3 times a week.
� A base of isometrics and strength and endurance exercises should be continued on alternate days.

� Sports specific drills should be slowly introduced and progressed until return to sport activities are achieved.
� Stage 3 exercises can be replaced with energy storage and release or sport specific exercises, but stage 1 and 2
 exercises should be maintained twice a week.

Fig. 61.3 Lower extremity tendinopathies sample exercise-based rehabilitation program. (Modified from Cardoso et al. [13])

R. Fontanez et al.
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[9]. Both may be helpful at different time periods across the 
development of the condition and used depending on the 
patient’s symptoms. Cold may be used in initial stages with 
acute presentation of pain and swelling. Heat may be used 
after the initial inflammatory response to aid in analgesia and 
soft tissue distensibility and combined with exercise. In 
patients with recurring symptoms, both modalities can be 
combined to prevent exacerbation. They may be combined in 
exercise sessions, using heat before exercises and cold after 
exertion.

Low-Level Laser Therapy Laser therapy appears to have an 
effect on cellular activity promoting tissue regeneration, 
angiogenesis, fibroblast proliferation, and collagen synthesis 
while also having an analgesic effect [25]. Currently, this 
modality has low to very low evidence of efficacy, especially 
on Achilles tendinopathy, mainly due to poor research 
methodology.

61.7.3  Procedures

Corticosteroids Injections Similar to NSAIDs, corticoste-
roid injections are commonly used for the treatment of tendi-
nopathies. In patients who present with acute symptoms that 
persist at rest despite medication and therapeutic modalities, 
a single peritendon injection using the lowest effective dose 
may be useful. The improvement in these cases in many 
instances is short-lived and lasts approximately 6 weeks in a 
study specifically focusing on lateral epicondylosis [26]. In 
addition, they are associated with detrimental structural and 
functional outcomes to the tendon [16]. Ultrasound-guided 
medication delivery in the peritendinous space, instead of 
direct tendon injection, may have a lower risk of complica-
tions [9, 16].

Platelet-Rich Plasma (PRP) Available data suggests the 
effectiveness of PRP as a good treatment alternative in early 
tendinopathy [16]. One study by Gosens et al. showed the 
usefulness of PRP in tendinopathy with long-term improve-
ment for up to 2 years [27]. Also, a recent systematic review 
and meta-analysis by Hamid et  al. concludes that PRP is 
safe and effective in alleviating long-term shoulder pain 
symptoms and shoulder function associated with injury to 
the rotator cuff [28]. Nonetheless, more randomized, con-
trolled trials are needed to analyze this modality in-depth 
[16]. Initial studies show structural recovery and symptom-
atic improvement, which provides reasonable indications 
for use in selected patients before resorting to surgery [16].

Prolotherapy This method, in which usually hyperosmolar 
dextrose is injected into the affected tendon to elicit a tar-
geted inflammatory response to promote healing and neovas-

cularization, has shown promising results in early trial phases 
[9, 16]. However, further investigation and evaluation are 
needed.

Stem Cell Therapy Cellular [29, 30] and animal studies [31, 
32] have assessed the potential of differentiating stem cells 
and potentially repairing tendinous tissue, principally for 
age-related tendinopathy. Small, early studies have showed 
promising results, especially in refractory cases, but the 
strength of the evidence is poor [33].

61.7.4  Surgery

Surgical intervention is a last resort in tendinopathies, pro-
viding variable results in these cases [9, 34]. Operative 
approach consists of debridement and decompression or 
repair of the tendon, when needed, being successful particu-
larly in Achilles tendinopathy and calcific tendonitis [9]. 
Surgery may also be an alternative for cases of chronic ten-
dinopathy when combined with strength training, with pre- 
and postoperative mechanical loading [34]. Nevertheless, 
studies evaluating surgical interventions fall short from sup-
porting surgery as a treatment for tendinopathy, reporting 
conflicting data and needing further prospective, well- 
designed trials [13].
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Autologous Orthobiologics

Peter A. Everts, Glenn Flanagan II, and Luga Podesta

62.1  Introduction

The human body has an endogenous system of regeneration 
through stem cells and progenitor cells, signaling cells, and 
other cell types, as they are found in almost every type of 
tissue. It is important to understand the terminology used in 
relation to tissue regeneration.

62.1.1  Regenerative Medicine

Regenerative medicine treatments using autologous PRP, 
bone marrow preparations, and adipose stem cells can be 
safely executed by well-trained physicians at the point of 
care (POC). The objectives of regenerative medicine applica-
tions are to support the body to form new functional tissues 
to replace degenerative or defective ones and to provide ther-
apeutic treatment for conditions where conventional thera-
pies are inadequate.

62.1.2  Orthobiologics

The term orthobiologics has recently been introduced for the 
treatment of a variety of musculoskeletal (MSK) disorders 
with autologous orthobiologic preparations such as PRP, 
bone marrow preparations, and adipose tissue concentrate. 
Such autologous products are showing promising results for 
the regenerative capacity of these heterogeneous biological 

active cellular cocktails. This chapter is not meant to be 
exhaustive, but our aims are to shed light on cell mechanisms 
following interventional procedures with orthobiologics. A 
solid understanding of employing interventional procedures 
using orthobiological preparations and their cellular 
responses to MSK disorders and tissue conditions is manda-
tory. FDA and other regulatory limitations of such products 
(local or federal) need to be understood by clinicians who 
have incorporated such treatments in their practice.

62.1.3  Regenerative Rehabilitation

The American Physical Therapy Association has defined 
regenerative rehabilitation as the combination of interven-
tional orthobiological techniques and appropriate rehabilita-
tion protocols that harness the bodies’ intrinsic healing 
mechanisms through movement to augment orthobiologic 
injections [1].

62.2  Description

The purpose of this chapter is to provide detailed informa-
tion on three autologous orthobiologic preparations: PRP, 
bone marrow–derived preparations, and adipose tissue 
concentrate.

62.2.1  Platelet-Rich Plasma

PRP therapies have been used for various indications for 
more than 30 years, resulting in considerable interest in the 
potential of PRP in regenerative medicine. Autologous PRP 
is the processed liquid fraction of autologous peripheral 
blood with a platelet concentration above the baseline [2]. 
Currently, PRP therapies are suitable treatment options with 
clinical benefits and encouraging patient outcomes reported 
[3–5]. However, new therapeutic insights and needs have 
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challenged the practicality and effectiveness of PRP clinical 
applications as many different commercially available PRP 
and PRP-like systems are being used [6]. A profuse variabil-
ity in final PRP cellular contents has been reported. Not sur-
prising, different PRP devices contribute to distinctive PRP 
properties and bioformulations, which may explain inconsis-
tencies in patient outcomes.

One of the authors (PE) published in 2006 a review on 
PRP technology, focusing on platelet function, PRP mode 
of action, platelet growth factor and effects during the vari-
ous stages of the healing cascade, and the central role of 
platelet- derived growth factors in various PRP indications. 
Notably, in this period, PRP-gel research, was directed only 
toward the ability of PRP to release several platelet growth 
factors (PGFs) with their specific functions toward only 
bone growth and bone healing, during orthopedic and spine 
surgical procedures [7]. Later in this chapter, we will dis-
cuss the roles of individual cells that can be present in PRP 
preparation along with detailed information on their effects 
on tissue regenerative processes. Furthermore, recent 
advances in understanding PRP bioformulations, platelet 
dosing, the specific roles of particular leukocytes, and the 
effects of PGF concentrations and cytokines on mesenchy-
mal stem cell (MSC) trophic effects [8] will be described, 
including the pivotal roles of PRP in targeting different cells 
and tissue environments following cell signaling and para-
crine effects [9]. Likewise, we will discuss PRP mecha-
nisms related to inflammation and angiogenesis in tissue 
repair and regenerative processes. Lastly, we will review the 
analgesic effects of PRP [10] and the effect of certain drugs 
on PRP activity.

62.2.2  Bone Marrow Aspirate/Concentrate

Bone marrow concentrates are commonly used autologous 
regenerative orthobiological therapies. In 1989, Wientroub 
et al. were the first to describe bone marrow aspiration pro-
cedures performed for musculoskeletal applications as a 
method to improve osteogenic potential of bone grafts in 
pediatric patients [11]. To produce a BMC, bone marrow 
aspirate (BMA) must be extracted via an aspiration device, 
which is inserted through the bony cortex. Bone marrow 
stroma is collected in syringes. A specific BMA volume is 
then processed by centrifugation to create a BMC buffy coat 
that should include mesenchymal and hematopoietic stem 
cells, myelopoietic and erythropoietic cells, mature leuko-
cytes, platelets, and some megakaryocytes [12]. Later in this 
chapter, scientific information is provided on the bone mar-
row aspirate cellular content, their specific biological func-
tions, and intercellular interactions, as these, among others, 

contribute to tissue regeneration following clinical regenera-
tive medicine applications. Furthermore, we underline the 
differences between BMA and BMC specimen, both pre-
pared at point of care from freshly aspirated bone marrow.

62.2.3  Adipose Tissue Concentrate

Another source for autologous mesenchymal stem cells is 
adipose (fat) grafts. Adipose tissue can be harvested via lipo- 
aspiration of subcutaneous fat from various areas of the body 
like the abdomen, thighs, flank, and perigluteal region [13]. 
Later in the chapter, we will discuss recent developments in 
the three autologous orthobiological preparations regarding 
dosing, cellular structures, cell membrane receptors, and 
their effects on the innate and adaptive immunomodulatory 
actions, angiogenesis, and analgesic effects.

62.3  Platelet-Rich Plasma (PRP)

62.3.1  Description

The most well-known physiological role of platelets is the 
control of hemorrhage, where they accumulate at tissue 
injury sites and damaged blood vessels. These events are 
instigated by the expression of integrins and selectins that 
stimulate platelet adhesion and aggregation, leading to the 
formation of the platelet plug. However, during PRP prepa-
ration procedures, clothing should be always avoided as this 
will jeopardize the preparation of an adequate and viable e 
orthobiological injectate.

PRP can be characterized as a complex composition of 
autologous multicellular components in a small volume of 
plasma that is acquired from a fraction of peripheral blood 
after centrifugation. The essentials of a phlebotomy proce-
dure are summarized in Table  62.1. After centrifugation, 
according to the different cellular densities (where platelets 
have the lowest density), PRP and their non-platelet cellular 
constituents can be retrieved from the concentration device.

Table 62.1 Essentials and considerations of a phlebotomy procedure 
for PRP preparation

Properly labeling relevant syringes with patient information
Sufficient anticoagulant in blood collection syringe
PPE and aseptic techniques
Harvesting site choice and preparation
Proper blood draw and draw time
Agitation of blood with anticoagulant during collection
Controlled transfer to PRP device
Following instructions for use to prepare PRP vial

P. A. Everts et al.
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62.3.1.1  PRP: Preparation
A clear consensus across treatment indications is non- 
existent, making it difficult to compare PRP products with 
their related therapy outcomes. In the majority of reported 
cases, platelet concentrate therapies are all grouped under 
the term “PRP,” even for the same clinical indication [14]. 
Therefore, this lack of a consensus in PRP preparation meth-
ods and validation continues to contribute to inconsistent 
PRP patient outcomes, based on enormous differences in 
PRP formulation, specimen quality, including platelet dos-
ing. Nonetheless, for some medical fields (e.g., OA and ten-
dinopathies), progress has been made in understanding the 
variations in the PRP formulations, delivery routes, platelet 
function, and other PRP constituents influencing tissue repair 
and tissue regeneration.

There are many methods and devices on the market for 
PRP preparation and this chapter is not promoting any spe-
cific device. In Fig. 62.1 (EmCyte Corporation, Fort Myers, 
FL, USA), cellular density separation of whole blood fol-
lows a two-spin centrifugation procedure using the proprie-
tary device. After the first centrifugation procedure, the 
whole blood components are separated into two basic layers: 
the platelet (poor) plasma suspension and the RBC layer. 
After a second centrifugation step, the needed PRP volume 
can be extracted for patient application. The magnification in 
Fig.  62.1 shows at the bottom of the device the organized 
multicomponent buffy coat layer (indicated by the blue 
lines), containing high concentrations of platelets, mono-
cytes, and lymphocytes, based on density gradients. In this 
example, a minimal percentage of neutrophils (< 0.3%) and 
RBCs (< 0.1%) will be extracted, following a neutrophil- 
poor PRP preparation protocol (modified from Everts et al. 
(IJMS) [15]).

62.3.1.2  PRP: Platelet Granules and Their 
Content

PRP should meet the prerequisites (platelet dosage, minimal 
RBC contamination, and addition or removal of particular 
leukocytes) to produce significant clinical outcomes. These 
PRP qualifications, combined with elucidating the activities 
of different PGFs, platelet proteins, cytokines, and chemo-
kines, contribute to the understanding of the fundamental tis-
sue repair mechanisms involving mitogenesis, angiogenesis, 
chemotaxis, and extracellular matrix formation.

In early PRP applications, α-granules were the most cited 
intra-platelet structures because of the presence of many 
PGFs [16]. To a lesser degree, coagulation factors and regu-
lators of angiogenesis were referenced with PRP applica-
tions. Additional factors included less-famous chemokine 
and cytokine constituents, such as platelet factor 4 (PF4), 
pro-platelet basic protein, P-selectin (activator of integrin), 
and the chemokine RANTES (regulated upon activation of 
normal T cell, expressed and presumably secreted). The 
overall functions of these specific platelet granule constitu-
ents are to recruit and activate other immune cells or induce 
endothelial cell inflammation (Fig. 62.2) [17].

The number of potential interactions, both direct and indi-
rect, between platelets and other (receptor) cells is wide- 
ranging. As a result, numerous inflammatory effects can be 
induced by PRP when applied in a local, pathological, tissue 
environment. The dense granule constituents like ADP, sero-
tonin, polyphosphates, histamine, and epinephrine are more 
implicit as modifiers of platelet activation and thrombus for-
mation [18]. Most importantly, many of these elements have 
immune cell-modifying effects. Platelet ADP is recognized 
by dendritic cells (DCs), increasing antigen endocytosis. 
DCs (antigen-presenting cells) are critical for initiating 

PRP Cellular Densities

Plasma

Platelet

Monocyte

Lymphocyte

Nuetrophil

RBC

1.025 – 1.029

1.060 – 1.067

1.062 – 1.068

1.068 – 1.072

1.080 – 1.090

1.086 – 1.100

Fig. 62.1 Two-spin PRP preparation procedures result in cellular density gravitational separation. Cells are organized according to their specific 
densities. (Used with permission from EmCyte Corporation, Fort Myers, FL, USA, PurePRPI® device)
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T-cell immune responses and govern the protective immune 
response [18], linking the innate and adaptive immune sys-
tems. Moreover, platelet adenosine triphosphate (ATP) sig-
nals through the T-cell receptors, which results in an increase 
in the differentiation of CD4 T-helper cells to pro- 
inflammatory T helper 17 (Th17) cells [19]. Other platelet- 
dense granule constituents (e.g., glutamate and serotonin) 
induce T-cell migration and increase the differentiation of 
monocyte into DCs, respectively [20]. In PRP, these dense 
granule–derived immune modifiers are highly enriched and 
have substantial immune functions.

62.3.1.3  PRP: An Orthobiologic Treatment
PRP preparations have gained increasing popularity with 
widespread use in diverse medical fields. The underlying sci-
entific rationale for PRP therapy is that an injection of 
 concentrated platelets at sites of injury may initiate tissue 
repair via the release of many biologically active factors 
(growth factors, cytokines, lysosomes) and adhesion proteins 
that are responsible for initiating the hemostatic cascade, 
synthesis of new connective tissue, and revascularization. 
PRP is as complex as blood itself and likely more complex 
than traditional pharmaceutical drugs. PRP products are liv-
ing biomaterials, and the outcomes of clinical PRP applica-
tions are dependent on the intrinsic, versatile, and adaptive 
characteristics of the patient’s blood, including various other 
cell constituents that may be present in the PRP specimen 

[21] and the interaction with the recipient local microenvi-
ronment, which can be in an acute or chronic state.

PRP concentrates can stimulate the supraphysiological 
release of growth factors to jump-start healing in chronic 
injuries and accelerate the acute injury repair process [22]. 
At all stages of the tissue repair process, a wide variety of 
growth factors, cytokines, and locally acting regulators con-
tribute to most basic cell functions via endocrine, paracrine, 
autocrine, and intracrine mechanisms (Table 62.2).

The main advantages of PRP include its safety and the 
ingenious preparation techniques of current commercial 
devices to prepare a biologic that can be used in a broad 
application profile [23]. Most importantly, PRP is an autolo-
gous product with no known adverse effects, in contrast to 
the commonly used corticosteroids and other non-autologous 
biological products [24, 25]. The enthusiasm to use PRP is 
often overshadowed as there are no clear regulations regard-
ing the bioformulation and composition of an injectable PRP 
composition, and PRP compositions vary greatly regarding 
cellular content and PDGF concentrations [26, 27]. 
Furthermore, the vital roles of other cellular constituents 
present in these blood-derived products are partially under-
stood, which was further aggravated by a lack of scientific 
data, mystical belief, commercial interests, and lack of stan-
dardization and classification [14]. In Table 62.3, an over-
view of the differences between some commercially available 
PRP and PRP-like devices is displayed, regarding platelet, 

Adhesion Molecules:

L: Lysosomes:

Growth Factors:

Chemokines:

Angiogenetic Regulators:

Coagulation Factors:

Immunomodulatory Molecules:
Complement Factors - PF-H, lgG

Factor V, -XI - XIII - Pro - Antithrombin
Plasmin, Plasminogen- -Macroglobulin
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PDGF - TGF-  – EGF - VEGF
IGF-1 – CTGF - FGF - HGF

II-8 – RANTES - NAP-2
 – Thromboglobulin - MIP-1

Angiostatin - PF4 - Thrombospondin
Angiopoietin-1 – Endostatin -
TIMP-1,-4 - MMP-1, -2, -9 - SDF-1

P-Selectin – Fibrinogen – Fibronectin
Intgrins IIb  – 2b1LFA-2- vWF
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- -Arabinoside - -Galactosidase

DG: Dense Granules:

DG
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DG

L

L

5-HT – ADP - ATP
Histamine – Calcium - Epinephrine

Fig. 62.2 Electron microscopic picture of a cluster of platelets after a 
PRP preparation showing the various intra-platelet structures at magni-
fication X 10,000. The three platelet cellular constituents α-granules, 

dense granules (DG), and lysosomes (L) are clearly visible, including 
some platelet surface adhesion molecules. (Adapted and modified from 
Everts et al. [15])
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Table 62.2 PRP-based growth factors, angiogenetic factors, and platelet cytokines (Partial List)

Growth 
factors

Function and effects
PDGF
(AA-BB-AB)

Mitogenic for mesenchymal cells and osteoblasts; stimulates chemotaxis and mitogenesis in fibroblast/glial/
smooth muscle cells; regulates collagenase secretion and collagen synthesis; stimulates macrophage and 
neutrophil chemotaxis

TGF
(α – β)

Stimulates undifferentiated mesenchymal cell proliferation; regulates endothelial, fibroblastic, and osteoblastic 
mitogenesis; regulates collagen synthesis and collagenase secretion; regulates mitogenic effects of other growth 
factors; stimulates endothelial chemotaxis and angiogenesis; inhibits macrophage and lymphocyte proliferation

HGF Regulates cell growth and motility in epithelial/endothelial cells, supporting epithelial repair and 
neovascularization during wound healing

EGF Proliferation of keratinocytes, fibroblasts, stimulates mitogenesis for endothelial cells
FGF
(a-b)

Promotes growth and differentiation of chondrocytes and osteoblasts; mitogenic for mesenchymal cells, 
chondrocytes, and osteoblasts

CTGF Promotes angiogenesis, cartilage regeneration, fibrosis, and platelet adhesion
IGF-1 Chemotactic for fibroblasts and stimulates protein synthesis; enhances bone formation by proliferation and 

differentiation of osteoblasts
KGF Regulates epithelial migration and proliferation

Angiogenetic 
factors

VEGF Increases angiogenesis and vessel permeability; stimulates mitogenesis for endothelial cells
IL-8 Pro-angiogenetic to stimulate angiogenesis
5-HT Pro-angiogenetic contributions
Ang-1 Induces angiogenesis stimulating migration and proliferation of endothelial cells; supports and stabilizes blood 

vessel development via the recruitment of pericyte
Endo Endostatin

Cytokines IL-1 Promotes systemic inflammation
IL-6 Pro inflammation – anti-inflammation
PF-4 Calls leucocytes and regulates their activation; has anti-angiogenetic properties
SDF-1α Calls CD34+ cells, induces their homing, proliferation, and differentiation into endothelial progenitor cells 

stimulating angiogenesis; calls mesenchymal stem cells and leukocytes
TNF Regulates monocyte migration, fibroblast proliferation, macrophage activation, angiogenesis

Modified from Everts et al. [32]
Abbreviations: PDGF platelet-derived growth factors, TGF transforming growth factor, VEGF vascular endothelial growth factor, EGF epidermal 
growth factor, FGF fibroblast growth factor, CTCG connective tissue growth factor, IGF insulin-like growth factor, HGF hepatocyte growth factor, 
KGF keratinocyte growth factor, 5-HT serotonin, Ang-1 angiopoietin-1, Endo endostatin, IL-1 interleukin 1, IL-6 interleukin 6, IL-8 interleukin 8, 
PF4 platelet factor 4, SDF stromal cell–derived factor, TNF tumor necrosis factor

Table 62.3 Variances in PRP commercial products and specimen differences

Angel® GPSIII® PurePRP-A® SmartPrep® Regenkit®-A-PRP
PLT increase from BL 4.8 4.2 6.6 4.9 0.6
Platelets (× 106/mL) 856 754 1175 882 107
WBC (× 106/mL) 7.1 19.8 10.7 21.4 0.3
Monocyte % 33 15 72 27 0
RBC (× 109/mL) /HCT 0.3/2.8 1.1/8.1 0.1/1.1 0.9/7.9 0/0
PRP volume (mL) 3 6 7 7 5
T.D. PLTs (× 106/mL) 2568 4524 8225 6174 535

Same donor laboratory study (N = 12, only male donors), with average baseline platelet count of 178 × 106/mL, unpublished data
Abbreviations: PLT platelet, BL baseline, WBC white blood cell, RBC red blood cell, PRP platelet-rich plasma, TD PLT total deliverable 
platelets
Angel: Arthrex, Naples, FL, USA; GPS III: Zimmer Biomet, Warsaw, IN, USA; PurePRP: EmCyte Corporation, Fort Myers, FL, USA; SmartPrep: 
Terumo, Lakewood, CO, USA; Regenkit-A-PRP: Mont-sur-Lausanne, Switzerland

leukocyte cell (WBC) content, red blood cell (RBC) con-
tamination, preparation volumes, and platelet dosing 
capabilities.

62.3.1.4  PRP Classification
Currently, orthobiological applications classify PRP into 
three groups: pure platelet-rich fibrin (P-PRF), leukocyte- 
rich PRP (LR-PRP), and leukocyte-poor PRP (LP-PRP) 
[28]. Although more specific than a generic PRP product 

definition, the LR-PRP and LP-PRP categories are signifi-
cantly lacking any specificity regarding the leukocyte con-
tent. Regrettably, there is no consensus on a comprehensive 
classification system for PRP or any other autologous blood 
and blood-derived preparations. Ideally, a classification sys-
tem should focus on the various PRP characteristics, defini-
tions, and appropriate nomenclature that are relevant for 
therapeutic decision-making to treat patient-specific 
conditions.
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62.3.2  PRP Component: Platelet

62.3.2.1  Platelet Activation and Tissue Repair 
Mechanisms

After the application of PRP on diseased tissues to initiate 
repair mechanism, PRP platelets interact with a broad range 
of cells to induce regenerative tissue remodeling mecha-
nisms, following the classic functions of platelets. 
Underestimated are platelet functions where they interrelate 
with a variety of immune cells to regulate the immune 
responses following tissue injury and inflammation [29, 30]. 
During traumatic MSK disorders, platelets are among the 
first cells arriving at the site of vascular lesions and tissue 
breaches, where they interact with leukocytes, endothelial 
cells, and resident or circulating cells that are involved in tis-
sue reorganization, following the induction and regulation of 
hemostasis [31].

After a controlled delivery of non-activated PRP, the 
platelets will be activated by interacting with platelet tissue 
factor (factor III), present in subendothelial tissues and leu-
kocytes. Other activation pathways can be activiated by the 
addition of CaCl2 and/or thrombin preparations.

Following platelet activation, the platelet α-, dense, lyso-
somal, and T granules undergo regulated exocytosis and 
release their contents into the extracellular environment 
(Fig. 62.3) [33, 34]. As a result, a platelet plug will develop 
in the injected microenvironment, as the first step of the heal-
ing cascade with the release of signaling molecules that trig-
ger the recruitment and activation of inflammatory cells 
through a broad range of cell membrane receptors and solu-
ble mediators, which are released upon PRP platelet activa-
tion [35].

62.3.2.2  PRP: Critical Platelet Count
PRP treatment protocols have evolved immensely over the 
past 10 years. Through experimental and clinical research, 
we now have a better understanding of platelet and other 
 cellular physiology. Systematic reviews, meta-analyses, and 
randomized controlled trials denote the effectiveness of PRP 
biological technologies in many medical fields, including 
orthobiology and sports medicine [36, 37], spinal disorders 
[38], dermatology [39], cardiac surgery [40], plastic surgery 
[41], orthopedic surgery [42], and pain management [43].

The therapeutic actions of PRP and other platelet concen-
trates stem from the release of a multitude of factors involved 
in tissue repair and regeneration. Following platelet activa-
tion, a platelet plug is formed, which acts as a temporary 
extracellular matrix, allowing cells to proliferate and differ-
entiate [2]. Therefore, it is fair to assume that higher platelet 
dosages will generate an elevated local concentration of 
released platelet bioactive factors. However, the correlation 
between platelet dose, concentration, and the concentration 
of released platelet bioactive growth factors and agents may 
not be precise because there are marked differences in base-
line platelet counts between individual patients [44], and dif-
ferences exist between PRP preparation methods [45, 46]. 
Likewise, several platelet growth factors involved in tissue 
repair mechanisms reside in the plasma fraction of PRP (e.g., 
hepatic growth factor and insulin-like growth factor 1). 
Therefore, higher platelet concentrations do not affect the 
repair potential of PGF [47].

In in vitro PRP research, study results are quickly obtained 
because the different parameters can be precisely controlled. 
Several studies have demonstrated that cells respond to PRP 
in a dose-dependent manner. Nguyen and Pham [48] showed 

Tissue factor
Collagen
ADP

Cacl2/Thrombin

Fig. 62.3 Activated platelets change their shape with the development 
of pseudopods to promote platelet aggregation. Passive platelet activa-
tion is induced by platelet tissue factor and collagen, while active plate-

let activation can be accomplished by adding CaCl2 and/or thrombin to 
the PRP specimen. Platelet activation will release the platelet content 
and all cellular components will invade the tissues
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that very high concentrations of PGF are not necessarily 
advantageous for cell stimulatory processes and may be 
counterproductive. Some in vitro studies have indicated that 
high PGF concentrations may have detrimental effects [49]. 
One reason could be that the quantity of cell membrane 
receptors is limited. Thus, once the PGF levels are too high 
compared to the available receptors, they negatively affect 
cell function [50]. Although in  vitro studies have many 
advantages, they also have some weaknesses.

62.3.2.3  PRP: Platelet Function: In Vitro vs. 
In Vivo

Due to tissue architecture and cell organization, there is a 
continuous interplay between many different cell types 
within any tissue, making it difficult to replicate in vitro in a 
two-dimensional monoculture setting. Cell density, which 
can affect cell signaling pathways, is usually less than 1% of 
the tissue situation. The two-dimensional in  vitro culture 
dish organization precludes cells from being exposed to an 
extracellular matrix (ECM). Furthermore, typical culturing 
techniques lead to the accumulation of cellular waste prod-
ucts and continuous nutrient consumption. Thus, in vitro cul-
turing does not resemble any homeostatic conditions, the 
tissue oxygen supply, or the sudden exchange of media, 
making it difficult to translate in  vitro PRP dosing results 
into clinical practice. Conflicting results have been published 
comparing the clinical effects of PRP to in vitro studies for 
specific cells, tissue types, and platelet concentrations. 
Graziani et al. [51] found that in vitro, the maximum effect 
on the proliferation of osteoblasts and fibroblasts was 
achieved at a PRP platelet concentration that was 2.5-fold 
times higher than the baseline value. In contrast, clinical data 
presented by Park and associates [52] indicated that more 
than a fivefold increase in PRP platelet levels above baseline 
was required to induce a positive outcome after spinal fusion. 
Similar contradictory outcomes have been reported between 
in vitro tendon proliferation data and clinical outcome stud-
ies [36, 37]. It is apparent that in vitro and animal method-
ologies are not ideal study settings for successful translation 
into clinical practice.

62.3.2.4  PRP: Variation in Preparation
In general, PRP device comparison studies should not support 
decision-making, as they indicate a large variation in platelet 
concentrations among the large variety of available PRP 
devices [14], as demonstrated in an extensive review by Fadadu 
et al. [6]. In their study, 33 PRP systems and protocols were 
evaluated. Some of these systems produced final PRP prepara-
tions with a platelet count less than that of whole blood. They 
reported a PRP platelet factor increase as low as 0.52 with a 
single spin kit [53]. In contrast, the dual-spin device produced 
the highest platelet concentration (1.6 × 106/μL) [6].

62.3.2.5  PRP: Clinically Required Platelet 
Concentration

It is important to understand the minimally required platelet 
concentration to induce an angiogenic response and stimu-
late cell proliferation and cell migration. Currently, PRP is 
characterized by its absolute platelet concentration, thereby 
shifting from the initial definition of PRP consisting of a 
platelet concentration above baseline values [2] to a mini-
mum platelet concentration of more than 1 × 106/μL or an 
approximately fivefold increase in platelets from baseline 
[54]. “Clinical PRP” should contain a critical dose of con-
centrated platelets to produce beneficial therapeutic effects. 
The platelets in clinical PRP should stimulate cell prolifera-
tion, synthesize mesenchymal and neurotrophic factors, con-
tribute to chemotactic cell migration, and stimulate 
immunomodulatory activities [55, 56]. Marx was the first to 
demonstrate the enhancement of bone and soft tissue healing 
with a minimum platelet count of 1  ×  106/μL [2]. These 
results were confirmed in a transforaminal lumbar fusion 
study that demonstrated significantly more fusion when the 
platelet dose was greater than 1.3 × 106 platelets /μL [57]. 
Moreover, Giusti et al. [58] revealed that a dose of 1.5 × 109 
platelets/mL is needed for tissue repair mechanisms to 
induce a functional angiogenic response through endothelial 
cell activity. In Giusti’s study, higher concentrations reduced 
the angiogenic potential of platelets in follicular and perifol-
licular angiogenesis. Furthermore, earlier data indicate that 
the PRP dose also affects the magnitude of the therapy out-
come [59]. Therefore, to significantly induce an angiogenic 
response and stimulate cell proliferation and cell migration, 
clinical PRP should contain at least 7.5  ×  109 deliverable 
platelets in a 5-mL PRP treatment vial.

62.3.2.6  PRP: Dose Dependency
Apart from dose dependency, the effects of PRP on cell 
activity appear to be highly time-dependent. Soffer et al. [60] 
indicated that short-term exposure to human platelet lysate 
stimulates bone cell proliferation and chemotaxis. In con-
trast, long-term PRP exposure results in decreased levels of 
alkaline phosphatase and mineral formation. In a prospec-
tive, double-blinded, randomized controlled study from 
Bansal and associates, the effect of platelet dosing was 
unambiguously presented in patients with knee OA [61] This 
is the first study addressing the effect of leukocyte-poor 
PRP-platelet dosing. In their study, a single injection of 10 
billion platelets, in a volume of 8 ml, improved functional 
and pain outcomes and preserved the articular cartilage for 
12  months. Furthermore, decreased inflammatory markers 
were noted. From this study, one might conclude a sustained 
therapeutic effect with this high dose of platelets. Further 
studies need to elaborate whether higher doses are more ben-
eficial or less effective.
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62.3.3  PRP Component: Leukocytes

62.3.3.1  PRP: Leukocyte Fraction
The presence of leukocytes in PRP treatment is variable and 
dependent on the PRP preparation device. The presence of 
leukocytes in PRP preparations is dependent on the manu-
facturer’s instruction and preparation protocol. The so-called 
plasma-based PRP devices do not contain any leukocytes. In 
buffy coat layer of PRP preparations, leukocytes are signifi-
cantly concentrated [62], except for the eosinophils and 
basophils, as their cell membranes are too fragile to with-
stand the centrifugal processing forces.

Systematic reviews identified LP-PRP as the preferred 
PRP formulation to achieve effective treatment outcomes for 
joint OA [63]. However, Lana et al. [64] disagreed with this 
theory, suggesting that particular leukocytes play an impor-
tant role in the inflammatory process preceding tissue regen-
eration due to their release of both pro- and anti-inflammatory 
molecules. They found that the combination of neutrophils 
and activated platelets could have a more positive than detri-
mental effect on tissue repair. They also indicated that the 
plasticity of monocytes is important for the non- inflammatory 
and reparative roles in tissue repair [64].

It is generally accepted that leukocytes greatly impact the 
intrinsic biology of chronic tissue lesions due to their 
immune and host-defense mechanisms. Much has been 
debated about the presence or absence of leukocytes and 
their contributions to different sub-PRP products, as reflected 
in Table  62.4 [64, 65]. In a recent review, six randomized 
controlled trials (level 1 evidence) and three prospective 
comparative studies (level 2 evidence) with a total of 1055 
patients showed that LR-PRP and LP-PRP had similar safety 
profiles [66]. The authors concluded that the adverse reac-
tions from PRP might not be directly related to the leukocyte 
concentration. In another study, LR-PRP did not modify sys-
temic or local levels of the pro-inflammatory interleukins 
(IL-1β, IL-6, IL-8, and IL-17) in OA knees [67]. Those 
results support the idea that the in vivo role of leukocytes in 
the bioactivity of PRP might come from the crosstalk 
between the platelets and leukocytes. This interaction could 
promote the biosynthesis of other factors (e.g., lipoxins) that 
counteract or facilitate the resolution of inflammation [68].

After the initial release of inflammatory molecules (ara-
chidonic acid, leukotrienes, and prostaglandins), lipoxin A4 

is released from activated platelets to prevent neutrophil acti-
vation [64]. It is in this milieu that switches the MΦ pheno-
types, from MΦ1 to MΦ2 [68]. Moreover, there has been 
accumulating evidence indicating that circulating monocytes 
can differentiate into a variety of non-phagocytic cell types 
due to their multipotential nature [69].

The type of PRP can influence MSC cultures. LR-PRP can 
induce significantly higher bone marrow–derived MSC 
(BM-MSC) proliferation than pure PRP or PPP samples, with 
faster release and better biological activity of PGFs [70].

62.3.3.2  PRP: Function of Specific Leukocyte
Leukocytes greatly influence the intrinsic biology of acute 
and chronic tissue conditions because of their immune and 
host-defense mechanisms. Therefore, the presence of spe-
cific leukocytes in PRP preparations can cause significant 
cellular and tissue effects. More specifically, different PRP 
buffy coat systems utilize different preparation protocols, 
thereby producing different neutrophil, lymphocyte, and 
monocyte cell ratios in PRP [71]. Further research is needed 
to develop a consensus regarding the role and magnitude of 
leukocytes in PRP bioformulations to treat certain patholo-
gies and conditions adequately and safely.

• Neutrophils

Neutrophils are essential leukocytes in numerous healing 
pathways that create dense barriers against invading patho-
gens [72] in conjunction with antimicrobial proteins present 
in platelets [73]. The presence of neutrophils in PRP prepara-
tions is mostly based on the treatment objectives. Exacerbated 
tissue inflammatory levels can be necessary in chronic 
wound care PRP biological treatments [32] or applications 
directed toward bone growth or healing [74]. The use of a 
full buffy coat PRP treatment vial is also frequently men-
tioned in chronic tendinopathy treatments [75, 76]. 
Importantly, additional neutrophil functions have been 
uncovered in several models, emphasizing their roles in 
angiogenesis and tissue restoration [77]. However, neutro-
phils can also cause harmful effects and, thus, are not indi-
cated for some applications. Zhou and Wang demonstrated 
that the use of PRP rich in neutrophils could result in a higher 
collagen type III to collagen type I ratio, adding to fibrosis 
and decreased tendon strength [78]. Other neutrophil- 
mediated deleterious properties are the release of inflamma-
tory cytokines and metalloproteinases (MMPs) that promote 
pro-inflammatory and catabolic effects when applied to tis-
sues [79].

• Lymphocytes

In the buffy coat of PRP preparations, mononuclear T 
and B lymphocytes are more concentrated than any other 

Table 62.4 PRP and sub-PRP classifications

Platelet-rich plasma (PRP)
Pure-PRP (P-PRP)
Leukocyte-rich PRP (LR-PRP)
Leukocyte-poor PRP (LP-PRP)
Platelet-rich fibrin (PRF)
Platelet-rich fibrin matrix (PRFM)
Preparation rich in growth factors (PRGF)
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leukocytes. They are critically involved in cell-mediated 
cytotoxic adaptive immunity. Lymphocytes can elicit a cell 
response to fight infection and adapt to intruders [80]. 
Furthermore, T lymphocyte–derived cytokines (interferon-γ 
[IFN-γ] and interleukin-4 [IL-4]) strengthen macrophage 
polarization [81]. Weirather et al. demonstrated that regular 
T lymphocytes indirectly contribute to tissue healing in a 
mouse model by modulating monocyte and macrophage dif-
ferentiation [82].

• Monocytes and Macrophages

Depending on the PRP preparation devices used, mono-
cytes may be prominent or absent in prepared 
PRP.  Unfortunately, their manifestation and regenerative 
capabilities are rarely discussed in the literature. Therefore, 
little attention is given to monocytes in preparation methods 
or final formulations. In the orthobiological literature, leuko-
cyte differentiation is rarely addressed and the reporting of 
PRP preparation protocols has been highly inconsistent. 
Furthermore, most published studies do not present the PRP 
preparation methods needed for protocol reproducibility, 
even though PRP biological preparations containing specific 
leukocytes can significantly contribute to pro-inflammation, 
immune modulation, tissue repair, and regeneration. However, 
monocytes and macrophages play key roles in immunomodu-
latory processes and tissue repair mechanisms [83].

Monocyte populations are heterogeneous and originate 
from progenitor cells in the bone marrow via hematopoietic 
stem cell pathways and traffic via the bloodstream to periph-
eral tissues depending on the microenvironmental stimuli. 
During homeostasis and inflammation, circulating mono-
cytes leave the bloodstream and are recruited to injured or 
degenerated tissues. They can act either as effector cells or as 
progenitors of macrophages (MΦs). Monocytes, macro-
phages, and dendritic cells represent the mononuclear phago-
cyte system (MPS) [84]. A typical feature of the MPS is the 
plasticity in their gene expression patterns and functional 
overlap between these cell types. In degenerated tissues, 
resident macrophages, local-acting growth factors, pro- 
inflammatory cytokines, apoptotic or necrotic cells, and 
microbial products initiate the differentiation of monocytes 
into MPS cell populations [85]. Hypothetically, when C-PRP 
containing high yields of monocytes is injected in a diseased 
local microenvironment, monocytes most likely differentiate 
into MΦs to provoke major cellular changes.

During the monocyte-to-MΦ transition, particular MΦ 
phenotypes are produced [83]. MΦ phenotype 1 (MΦ1) is 
characterized by inflammatory cytokine secretion and the 
production of both VEGF and FGF.  The MΦ2 phenotype 
consists of anti-inflammatory cells, producing mainly extra-
cellular matrix components and angiogenic factors [84]. 
From these data, it is reasonable to assume that C-PRP prep-

arations containing a high concentration of monocytes and 
MΦs are likely to contribute to better tissue repair because of 
their anti-inflammatory tissue repair and cell signaling 
capabilities.

62.3.4  PRP Component: RBC

The role of RBCs in tissue regeneration has never been 
established. RBCs are responsible for transporting oxygen to 
tissues and removing carbon dioxide from tissues to the 
lungs [86]. They have no nucleus and are made of protein- 
bound heme molecules. Iron and heme components inside 
RBCs facilitate the binding of oxygen and carbon dioxide. 
Normally, the RBC life cycle is approximately 120  days. 
They are removed from circulation by macrophages by a 
process termed RBC senescence. Under conditions of shear 
forces (e.g., whole blood phlebotomy procedures, immune- 
mediated processes, oxidative stress, or inadequate PRP con-
centration protocols), RBCs in the PRP specimens could 
become damaged. As a consequence, the RBC cell mem-
brane disintegrates and releases toxic hemoglobin (Hb), 
measured as plasma-free hemoglobin (PFH), hemin, and 
iron [87]. PFH and its degradation products (heme and iron) 
collectively lead to detrimental and cytotoxic effects on tis-
sues, causing oxidative stress, loss of nitric oxide, activation 
of inflammatory pathways, and immunosuppression. These 
effects ultimately lead to microcirculatory dysfunction, local 
vasoconstriction with vascular damage, and significant tissue 
injury.

Most importantly, when PRP containing RBCs is deliv-
ered to tissues, it causes a local response called eryptosis, 
which triggers the release of a potent cytokine, macrophage 
migration inhibitory factor [88]. This cytokine inhibits the 
migration of monocytes and macrophages. It exerts profound 
pro-inflammatory signals to surrounding tissues that inhibit 
the migration of stem cells and fibroblast proliferation and 
causes significant local cellular dysfunction. Based on above 
explanation, limiting RBC contamination in PRP prepara-
tions is important. Adequate C-PRP centrifugation and prep-
aration processes typically reduce or even eliminate the 
presence of RBCs, thereby avoiding the detrimental conse-
quences of hemolysis and eryptosis.

62.3.5  PRP: Immunomodulatory Effects

The body can identify foreign bodies and injured tissues in 
acute or chronic conditions to initiate the wound healing cas-
cade and related inflammatory pathways. The innate and 
adaptive immune systems protect the host from infection, 
with essential roles for leukocytes overlapping between both 
systems, as displayed in Fig. 62.4. Specifically, monocytes, 
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macrophages, neutrophils, and natural killer cells have piv-
otal roles in the innate system, whereas lymphocytes and 
their subsets play similar roles in the adaptive immune sys-
tem [89].

• Innate Immune System

The role of the innate immune system is to identify intrud-
ing microbes or tissue fragments and stimulate their clear-
ance. Activation of the innate immune system occurs when 
certain molecular structures, termed surface-expressed pat-
tern recognition receptors, bind to pathogen-associated 
molecular patterns and damage-associated molecular pat-
terns. Interestingly, platelets also express several immuno-
modulatory receptor molecules on their surface, such as 
P-selectin, transmembrane protein CD40 ligand (CD40L), 
cytokines (e.g., IL-1β), and platelet specific toll-like recep-
tors (TLR), enabling them to interact with various immune 
cells [90].

Neutrophils, monocytes, and dendritic cells are the most 
common innate immune cells in the blood. Their recruitment 
is required for an adequate early-phase immune response. 
Platelet-leukocyte interactions regulate inflammation, wound 
healing, and tissue repair when PRP is used in regenerative 
medicine applications. More specifically, the platelet TLRs 
stimulate platelet-neutrophil interactions [91], which regu-
late the so-called leukocyte oxidative burst by modulating 
the release of reactive oxygen species (ROS) and myeloper-
oxidase (MPO) from neutrophils [92]. Furthermore, the 
platelet-neutrophil interaction with neutrophil degranulation 
results in the formation of neutrophil-extracellular traps 
(NETs). NETs comprise the neutrophil nucleus and other 
neutrophil intracellular contents that trap bacteria and kill 

them by NETosis. The formation of NETs is an essential kill-
ing mechanism for neutrophils [93]. As a result of PRP plate-
let activation, monocytes can migrate to diseased and 
degenerative tissues where they perform adhesion activities 
while secreting inflammatory molecules that may alter che-
motaxis and modify proteolytic properties [94]. Additionally, 
platelets can modulate the effector functions of monocytes 
by inducing the activation of monocyte NF-κb [95], a critical 
mediator of the inflammatory response and the activation 
and differentiation of immune cells. Therefore, PRP prepara-
tion devices that can yield high concentrations of monocytes 
from whole blood have the advantage of this mechanism in 
tissue repair processes after PRP application.

• Adaptive Immune System

The adaptive immune system employs antigen-specific 
receptors and remembers previous pathogen encounters and 
destroys these pathogens during subsequent encounters with 
the host. However, these adaptive immune responses are 
slow to develop. Cognasse et  al. [90] showed that platelet 
components contribute to danger sensing and tissue repair 
and suggested that the interaction of platelets with leuko-
cytes facilitates the activation of the adaptive immune 
response.

During adaptive immune responses, platelets promote 
monocyte and macrophage responses. Thus, platelet granu-
lar constituents directly affect adaptive immunity by express-
ing CD40L [96], a molecule critical to the modulation of 
adaptive immune responses, as they promote T-cell responses 
to inflammatory stimuli for robust pro-and anti- inflammatory 
responses [97]. Moreover, platelets have an abundance of 
cell surface receptors that can prompt platelet activation, 

Bacterial trapping
Inflammation

Chemotaxis
Differentiation to M  phenotypes
Cytokine release
NF- b

MPO - ROS
TF Activation
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Netosis:
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Fig. 62.4 Platelet and leukocyte interactions in innate immunity cell 
interactions. Platelets interact with neutrophils, monocytes, and ulti-
mately with MΦs, modulating and increasing their effector functions. 
These platelet-leukocyte interactions result in inflammatory contribu-

tions through different mechanisms, including NETosis. Abbreviations: 
MPO myeloperoxidase, ROS reactive oxygen species, TF tissue factor, 
NETs neutrophil extracellular traps, NF-κB nuclear factor kappa B, 
MΦ macrophage
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with the release of numerous inflammatory and bioactive 
molecules stored within different platelet granules, thus 
influencing both innate and adaptive immune responses [30].

Following the identification of microbes or tissue damage 
by the non-specific innate immune system, the specific adap-
tive immune system takes over. The adaptive system includes 
B lymphocytes (B cells), which bind antigens, and regular T 
lymphocytes (Treg), which coordinate the elimination of the 
pathogens. T cells can be broadly categorized into helper T 
cells (Th cells) and cytotoxic T cells (Tc cells, also known as 
T killer cells) [89]. The Th cells are further divided into Th1, 
Th2, and Th17 cells, with critical functions in inflammation. 
The Th cells can secrete pro-inflammatory cytokines (e.g., 
IFN-γ and TNF-β) and several interleukins. They are particu-
larly effective in protecting against intracellular viral and 
bacterial infections. Th cells stimulate proliferation and dif-
ferentiation of cells involved in the immunological response. 
Tc cells are effector cells that eliminate the targeted intracel-
lular and extracellular microbes and cells [98].

Interestingly, the Th2 cells produce IL-4 and influence 
MΦ polarization, directing MΦs to the regenerative MΦ2 
phenotype, while IFN-γ shifts MΦ toward the inflammatory 
MΦ1phenotype, depending on the dose and timing of the 
cytokines. Th cells guide MΦ phenotypes to pro- regenerative 
phenotypes in response to tissue-derived biologics in an 
IL-4-dependent manner [99]. This mechanism is based on 
the evidence that Th cells have a pronounced role in control-
ling both inflammation and tissue repair.

62.3.6  PRP: Nociceptive Effects

Activated platelets release many pro- and anti-inflammatory 
mediators that are proficient in inducing pain but can also 
reduce inflammation and pain. Once applied, the typical 
platelet dynamics of PRP alter the microenvironment prior to 
tissue repair and regeneration via multiple complex path-
ways related to anabolic and catabolic processes, cell prolif-
eration, differentiation, and stem cell regulation. These PRP 
characteristics have led to the implementation of PRP appli-
cations in various clinical pathological conditions that are 
usually associated with chronic pain (e.g., sports injuries, 
orthopedic pathologies, spinal disorders, and complex 
chronic wounds), even though the exact mechanisms are not 
yet fully understood.

In 2008, Everts et al. [100] were the first to report a ran-
domized controlled trial on the analgesic effects of a PRP 
formulation prepared from autologous buffy coat and acti-
vated with autologous thrombin following shoulder surgery. 
They noticed a significant reduction in visual analog scale 
scores, the use of opioid-based pain medication, and a more 
successful postsurgical rehabilitation. Of note, they reflected 
on the analgesic effects of activated platelets and postulated 

on the mechanism of platelet-released 5-HT. Briefly, plate-
lets are dormant in freshly prepared PRP. After direct or indi-
rect (tissue factor) platelet activation, platelets change shape 
and develop pseudopods to promote platelet aggregation. 
Subsequently, they release their intracellular α- and dense 
granules [22]. Tissues treated with activated PRP will be 
invaded by PGFs, cytokines, and other platelet lysosomes. 
More specifically, when the dense granules release their con-
tents, an abundance of pain-modulating 5-HT will be dis-
charged [101]. In PRP, the platelet concentration can be 
five- to sevenfold higher than in peripheral blood. Therefore, 
the release of 5-HT from the platelet is astronomical. 
Interestingly, Sprott et al. [102] reported observing substan-
tial pain reduction following acupuncture and a significant 
decrease in platelet-derived 5-HT concentrations, with a sub-
sequent increase in 5-HT plasma levels.

In the periphery, endogenous 5-HT is released from plate-
lets, mast cells, and endothelial cells in response to tissue 
injury or surgical trauma [103]. Interestingly, multiple neu-
ronal 5-HT receptors have been detected in the periphery, 
confirming that 5-HT can interfere with nociceptive trans-
mission at peripheral sites. The 5-HT system represents a 
powerful system that can decrease and increase the magni-
tude of pain following noxious stimulation. Studies have 
indicated that 5-HT can affect nociceptive transmission at 
peripheral tissue sites through a variety of 5-HT receptors 
[104, 105].

In analgesic animal model trials, the potential of PRP 
analgesic effect was demonstrated by Yoshida et al. [106]. In 
several clinical studies, the nociceptive and analgesic effects 
of PRP were discussed. Several studies have indicated little 
to no pain relief in patients treated for tendinosis pathologies 
or rotator cuff tears [107, 108]. In contrast, several other 
studies indicated that PRP reduced or even eliminated pain in 
patients suffering from tendinosis, OA, plantar fasciitis, and 
other foot and ankle disorders [109, 110].

The final platelet concentration and the biocellular com-
position have been identified as key PRP characteristics that 
contributed to the consistent analgesic effects observed after 
PRP applications. Other variables included PRP delivery 
methods, platelet activation protocols, the bioactivity levels 
of the released PGFs and cytokines, the types of tissues to 
which PRP was applied, and the type of injury. Notably, 
Kuffler addressed the potential of PRP in pain relief in 
patients suffering from mild to severe chronic neuropathic 
pain, secondary to a damaged non-regenerated nerve. The 
objective of this study was to investigate whether neuro-
pathic pain would decrease or resolve as a result of PRP’s 
promotion of axonal regeneration and target reinnervation 
[111]. Strikingly, in treated patients, the neuropathic pain 
remained eliminated, or reduced, for a minimum of 6 years 
after the procedure and pain started to decrease within 
3 weeks after the surgical PRP application, in all patients.
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Recently, similar analgesic PRP effects were observed in 
the field of postsurgical wound and skincare [112]. 
Interestingly, the authors reported the physiological aspects 
of wound pain related to vascular injury and tissue hypoxia, 
addressing the importance of neoangiogenesis in optimizing 
oxygenation and nutrient delivery. More pain reduction was 
noted in PRP-treated patients compared to controls, with 
 significantly higher angiogenetic development in post-PRP- 
treated patients.

Finally, Johal and co-workers performed a systematic 
review and meta-analysis and concluded that PRP leads to a 
reduction in pain following PRP administration in orthope-
dic indications, particularly in patients treated for lateral epi-
condylitis and knee OA [10]. Unfortunately, this study did 
not specify the effects of leukocytes, platelet concentration, 
or the use of exogenous platelet-activating agents, as these 
variables affect the overall PRP effectiveness. The optimal 
PRP platelet concentration that provokes maximal pain relief 
is yet unknown. In a rat tendinopathy model, complete pain 
relief was accomplished with a platelet concentration of 1.0 
x106/μL, whereas PRP with half this platelet concentration 
induced significantly less pain relief [106]. Thus, more clini-
cal studies to investigate the analgesic effects of different 
PRP formulations are needed.

62.3.7  PRP: Angiogenetic Effects

Ideally, the PRP preparations employed in precision regen-
erative orthobiological therapies allow for the delivery of 
biomolecules released by a high concentration of platelets, 
which are ultimately (passively) activated at the target tissue 
site. As a result, countless physiological cascades are initi-
ated, resulting in on-site immunomodulatory and inflamma-
tory processes, and angiogenesis stimulating healing and 
tissue repair activities [113].

Angiogenesis is a vibrant, multistep process involving the 
sprouting and organization of micro vessels from preexisting 
blood vessels. Angiogenesis progresses due to multiple bio-
logical mechanisms, including endothelial cell migration, 
proliferation, differentiation, and division. These cellular 
processes are prerequisites to the formation of new blood 
vessels. They are essential for the outgrowth of preexisting 
blood vessels to restore blood flow and support the high met-
abolic activity of tissue repair and tissue regeneration. These 
new vessels allow the delivery of oxygen and nutrients and 
the removal of by-products from the treated tissues [114].

Within a diseased and degenerative microenvironment 
(including a low oxygen tension, low pH, and high lactate 
levels), local angiogenic factors try to restore angiogenic 
activities. Following PRP treatment in these MSK patholo-
gies, angiogenic activities are modulated by a balance 

between pro- and anti-angiogenetic factors. The most impor-
tant factors are shown in Table 62.5.

It has been demonstrated that the overall PRP platelets 
effects on (neo)angiogenesis is pro-angiogenic and stimula-
tory [115]. Notably, Landsdown and Fortier [116] reported 
on the various outcome effects related to the PRP constitu-
ents, including intra-platelet sources of numerous angiogenic 
modulators. Furthermore, they concluded that an increase in 
angiogenesis contributes to the healing of MSK disorders in 
areas of poor vascularization, such as meniscal tears, tendon 
injuries, and other areas with poor vascularity. The adminis-
tration of PRP, more specifically the delivery of high concen-
trations of PGFs and other platelet cytokines, can induce 
angiogenesis, vasculogenesis, and arteriogenesis because 
stromal cell-derived factor-1a binds to the specific cytokine 
receptors on endothelial progenitor cells. Another important 
and essential factor in restoring angiogenic pathways is syn-
ergy between multiple PGFs. Richardson et al. [117] demon-
strated that the synergistic activities of the angiogenic factors 
platelet-derived growth factor BB (PDGF-BB) and VEGF 
result in the rapid formation of a mature vascular network 
compared to the individual growth factor activities. Most 
importantly, Giusti and co-workers concluded in a dose 
defining study that the optimal platelet dose to promote 
angiogenesis was 1.5 × 106 platelets/μL [64]. Therefore, it is 
fair to assume that PRP preparations with high concentra-
tions of platelets contain high concentrations of the stimula-
tory pro-angiogenic PGF VEGF, contributing to significant 
angiogenetic effects, when compared to PRP preparations 
with less than 1.5 × 106 platelets/μL.

62.4  Bone Marrow Concentrate (BMC)

The human body has an endogenous system of tissue repair 
and tissue regeneration through stem cells, as they are found 
almost in every type of tissue. Clinicians utilizing regenera-
tive medicine applications have a growing interest in using 
the concentrated bone marrow products, since it is well 

Table 62.5 PRP – platelet pro- and anti-angiogenetic factors [15]

Platelet pro-angiogenetic factors Platelet anti-angiogenetic factors
VEGF PAI
PDGF-BB TSP
TGF- β1 TGF- β1
Serotonin PF-4
MMP-1,-2 Angiostatin
IL-8 TIMPS

Abbreviations: VEGF vascular endothelial growth factor, PDGF-BB 
platelet- derived growth factor BB, TGF-β1 transforming growth factor, 
MMP matrix metalloprotenases, IL interleukin, PAI plasminogen acti-
vator inhibitor, PF platelet factor, TIMPS tissue inhibitors of 
metalloprotenases
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acknowledged that BM is a plentiful source of MSCs, pro-
genitors, and other cells residing in the trabecular part of flat 
and long bones, acquired via appropriately performed BMA 
procedures [118, 119]. Orthobiological and regenerative 
medicine treatment options using autologous stem cells can 
be safely executed by well-trained physicians at point of 
care.

62.4.1  Bone Marrow Anatomy

The bone is an organ composed of cortical and trabecular 
bone, cartilage, and hematopoietic and connective tissues. 
The BM tissue is soft, similar to the peripheral blood, flexi-
ble connective tissue comprising the center and the epiphysis 
of bones, referred to as the BM cavity. In this place, a variety 
of new blood cells are produced and ultimately released to 
the peripheral circulation. The bone tissue has an essential 
role in the structure and protection of the human body. 
Spongy, or trabecular bone, is composed of a lattice of fine 
bone plates filled with hematopoietic marrow, fat-containing 
marrow, and arterial-venous sinusoidal blood vessels. 
Furthermore, it consists of bone cells at different develop-
mental stages (including pre-osteoblasts, osteoblasts, and 
osteocytes), collagen fibrils, and calcium and phosphate 
deposits.

We recognize two categories of bone marrow tissue: the 
red and yellow marrow. Depending on age, the red marrow is 
replaced by the yellow marrow. In adults, the red bone mar-
row is a rich source of bone marrow-derived cells and pres-
ent in most skeletal system bones of the iliac crest, tibia, 
spine vertebrae, humerus, calcaneus, ribs, and near point of 
attachment of long bones of legs and arms. In this well- 
shielded environment, an estimate of 500 billion cells per 
day can be produced, in particular erythrocytes, granulo-
cytes, and platelets [120]. For orthobiological applications, 
the red bone marrow is the preferred type as it contains 
myeloid and lymphoid stem cells and MSCs.

62.4.2  Bone Marrow Regions

The trabecular bone cavity is subdivided into four region, 
Table 62.6 [121], according to the model of Lambertsen and 
Weis. In Fig. 62.5, we illustrate this model which we have 
adopted and modified for clarification purposes. In general, 
the bone marrow consists of a hematopoietic component 

(parenchyma) and a vascular component (stroma). The 
parenchyma includes hematopoietic progenitor and hemato-
poietic stem cells (HSCs), which are localized close to the 
endosteum and around the blood vessels. BM stroma cells, 
including endothelial cells, are recognized as multipotential 
non-hematopoietic progenitor cells capable of differentiat-
ing into various tissues of mesenchymal origin, including 
osteoblasts, chondrocytes, tenocytes, endothelial cells, 
myocytes, fibroblasts, nerves, and adipocytes, as verified in 
in  vitro and partially in in  vivo research [122, 123]. The 
bone marrow’s microvasculature includes single layers of 
endothelium arising in sinusoids, where they also contribute 
to rolling extravasations of leukocytic cells into and out of 
the BM tissue structures. The function of the vasculature 
and BM-derived endothelial cells is that they provide a bar-
rier between the BM compartment as a functional and spa-
tial entity from the extra-lymphoid BM section and the 
peripheral circulation [9]. The endothelial cells likewise 
contribute to tissue regeneration, as endothelial precursor 
cells are essential in improving vascularization of damaged 
and degenerative tissue cells by the secretion of pro-angio-
poietic factors of invading cells [124].

62.4.3  Bone Marrow Niche

A niche is defined by anatomy and function. Stem cell 
niches are defined as specific cellular and molecular micro-
environments regulating stem cell and progenitor functions. 
A niche consists of signaling molecules, intercellular con-
tact, and the interaction between stem cells and their neigh-
boring extracellular matrix (ECM). This three-dimensional 
microenvironment is thought to control genes and properties 
that define “stemness,” including the control and balance 
between quiescence, self-renewal, proliferation, and differ-
entiation of diverse cell types. Additionally, the microenvi-

Table 62.6 Bone marrow regions

Subendosteal
Peri-sinusoidal region
Central region
Endosteal region

Skin and soft tissues

Endosteal region

Subendosteal region

Cortical bone and periosteum

Fig. 62.5 Endosteal and subendosteal regions in a trabecular bone 
cavity
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ronment provides stem cell autonomous signaling 
mechanisms [125, 126], and it engages in specific cascades 
to a stress response [127]. Acquired and prepared BM stem 
cells from one of the niches and subsequently injected into 
a totally different microenvironment can potentially differ-
entiate into cell types of this new environment [128]. In 
Table 62.7, some of the bone marrow niches are given. Since 
autologously prepared MSCs originate from their specific 
and original BM niche but are used in other cellular tissue 
types to treat  various pathologies, they can be successfully 
engaged in tissue repair and regeneration through regenera-
tive medicine application techniques. This is a distinctly dif-
ferent approach in the physiological release of newly formed 
BM cells because they are retained in the BM cavity until 
they mature and thereafter released in the vascular periph-
eral circulation [123].

The role and function of the extracellular matrix (ECM) 
can be defined as key structural-functional components of 
cell niches, including soluble factors, cell-cell contacts, and 
cell-matrix adhesions present in these microenvironments. 
ECM components include fibrillar proteins, with, among 
others, collagen fibers, fibronectin, and other filamentous 
network components. The ECM’s mechanical stability is 
provided by collagen [129]. Other significant ECM compo-
nents supporting the BM niches are glycosaminoglycans and 
mainly hyaluronic acid via its receptor CD44. In general, no 
specific ECM components are identified that maintain MSCs 
in their immature state, as a niche matrix would do. However, 
it has become clear that the ECM can regulate MSC differen-
tiation on a solitary basis, indicating potential applications 
for regenerative medicine applications and tissue 
engineering.

62.4.4  Stem Cells

Becker, McCulloch, and Till first conducted experiments 
that led to the discovery of stem cells in 1963 and they pro-
duced evidence that these cells were capable of endless 
self- renewal, which is a fundamental feature of stem cells 
[130]. A stem cell is a type of cell that is non-specific/spe-
cialized in its function. Generally, we recognize two types 
of stem cells, embryonic and non-embryonic, with two 
defining properties. Firstly, they have the capacity of self-
renewal, therefore giving rise to more stem cells. Secondly, 
they can differentiate into different lineages under appro-
priate conditions.

Embryonic stem cells (ESCs) are obtained from 5- to 
12-day-old embryos, and they are pluripotent and have a 
high plasticity as they can differentiate into ectoderm, 
mesoderm, and endoderm layers, whereas non-embryonic 
stem cells (non-ESCs) are multipotent, and it appears that 
they are able to form multiple cell lineages which form an 
entire tissue, usually specific to one germ layer, e.g., adult 
stem cells [131].

The capability of stem cell potency, in combination with 
the relative ease to prepare bone marrow stem cell injec-
tates, is an invaluable property for regenerative medicine 
cell- based therapies in general and more specifically to 
treat, e.g., musculoskeletal disorders (MSK-D), chronic 
wounds, and critical limb ischemia. Friedenstein and col-
leagues reported first on the isolation of bone marrow–
derived stem cells from BM stroma and their incubation in 
plastic culture dishes, and identified mesenchymal stem 
cells as colony-forming unit fibroblasts (CFU-Fs) [132]. 
The BM stroma is made up of a network of fibroblast-like 
cells and includes a subpopulation of multipotent cells 
which can generate the mesenchyme, known as the mass of 
tissue, that develops mainly from the mesoderm of the 
embryo subpopulation. The cells are referred to as mesen-
chymal stem cells (MSCs) [133]. The Friedenstein culture 
method revealed that MSCs can differentiate into several 
connective tissue cell types [134], described first by 
Pittenger and associates [135].

62.4.4.1  BMC: Bone Marrow–Specific Stem Cells
The literature articulates BMAs as a heterogeneous mix of 
cells, referring in most instances to HSCs, MSCs, and mono-
nuclear cells. The roles of platelets, megakaryocytes, and 
RBCs are seldomly mentioned [136].

 1. Hematopoietic Stem Cells

The major function of the bone marrow is to generate 
blood cells. In adults, marrow-derived HSCs are the princi-
pal cells of origin of all mature hematopoietic cell pheno-
types, and the process is called hematopoiesis. HSCs are 
adult stem cells with extensive self-renewal capabilities and 
can differentiate into specialized blood cells with key roles in 
some biological activities: control homeostasis balance, 
immune functions, and response to microorganisms and 
inflammation. Most HSCs are in a quiescent state within the 
BM niches. They respond to the signals after the balance of 
blood cells, or HSC pool, is disturbed from either intrinsic or 
extrinsic stimuli and signaling processes [137]. Evolving 
evidence suggests that BM-derived endothelial cells and 
HSCs, including their progenitor cells, contribute to tissue 
vascularization. HSCs deliver specific angiogenetic factors, 
facilitating the incorporation of endothelial progenitor cells 
into newly sprouting vessels. Several clinical studies have 

Table 62.7 Bone marrow classical niches [26–28, 34]

Mesenchymal stem cell niche
Hematopoietic stem cell niche
Perivascular niche
Megakaryocyte niche
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shown that BM-derived cells contribute to neo-angiogenesis 
[138, 139]. This should contribute to the clinical discussion 
of the value of BM-derived HSC and vascular progenitor as 
they are able to contribute to tissue restoration by accelerat-
ing tissue vascularization and regeneration [140].

 2. Mesenchymal Stem Cells

In recent decades, physicians performing orthobiologi-
cal/regenerative medicine procedures have been more 
interested in the potential of BM-MSCs than of HSCs. 
Imaginable  reasons for this particular interest in MSCs 
might be due to recently published expert opinions: the 
in vivo ability of MSCs to migrate into tissues, their sturdy 
regenerative and reparative properties, and MSC-mediated 
immunomodulatory actions. These typical characteristics 
and their particular mode of actions enable conceivable BM 
cell-based treatment options [141, 142]. MSCs do not 
express significant histocompatibility complexes and 
immune-stimulating molecules, leading to graft rejection. 
Likewise, a rapid development in clinical outcome report-
ing, with a better understanding of BM tissue molecular 
biology, improved bone marrow aspiration techniques and, 
and preparation methods, has increased the interest and 
indication for autologous BM stem and progenitor cell 
therapies.

MSC function: MSCs are multipotent stem cells which 
can be obtained from various adult tissues, like the BM 
stroma, adipose tissue, synovium, periosteum, and trabecular 
bone. Typical features are their ability for self-renewal, 
defined as sustaining biological pathways and mechanisms 
to preserve the undifferentiated stem state, and the regulation 
of lineage-specific differentiation [143]. Although the num-
ber of MSCs represents only a small fraction of non- 
hematopoietic, multipotent cells of the bone marrow 
(0.001–0.01%), understanding these unique cells has taken 
great strides forward. Under appropriate conditions and an 
optimal microenvironment, MSCs can differentiate into vari-
ous mesodermal lineages like osteoblasts, chondrocytes, 
endothelial cells, adipose tissue, and smooth muscle cells 
[144]. These MSC proficiencies have led to the use of MSC 
as a potential strategy for treating various diseases, since 
they encourage biological processes, for example angiogen-
esis, cell proliferation, and cell differentiation [145]. 
Furthermore, they synthesize cytokines and trophic media-
tors which participate in tissue repair processes, immune 
modulation, and the regulation of inflammatory processes 
[146]. Based on the above characteristics, it can be assumed 
that MSCs are capable of instituting a regenerative microen-
vironment at the site of release and improving various cell 
recruitment, cell signaling, and differentiation of endoge-
nous stem cells, with the potential to instigate tissue repair in 
a variety of disease states.

62.4.4.2  BMC: Harvesting and Preparation
Several groups have mentioned some considerations when 
performing BM harvesting procedures, addressing a variety 
of factors that have an impact on patient comfort and the 
quality of the harvested BM. Emphasis was given to proce-
dural safety issues when using harvesting needle systems, 
level of experience of the operator, the choice for concentra-
tion technology and centrifugation devices, and pain man-
agement [147]. Autologous regenerative medicine BM-MSC 
applications may range from harvesting a low volume of BM 
and direct, unprocessed, tissue injection to the use of cen-
trifugation protocols to concentrate and filter the BMA prior 
to injecting it in patients [148]. Various bone marrow har-
vesting systems are available on the market, each with their 
own proprietary design characteristics, and thus marrow cel-
lular dynamics when extracting marrow. Potentially, differ-
ent BM needle design features might affect the quality and 
cell viability of the harvested marrow tissue, as well as the 
cellular yields, before and after processing [149, 150]. Bone 
marrow aspiration anatomical sites: As MSCs represent a 
small population of BM cells [135], it is of critical impor-
tance to choose a BMA site that will yield the most MSCs. 
BM is relatively easy to harvest, largely available, and dis-
pensable. Obviously, it is important that the BMA procedure 
is performed impeccably to obtain an optimal quality of 
viable BM tissue [133, 151]. In humans, the most common 
anatomical location to obtain BM is the iliac crest, but other 
BMA sites have been utilized [8]. Recently, McDaniel and 
co-workers, reported that all studied anatomical bone mar-
row harvesting locations contained MSCs, but the iliac crest 
was the most abundant source of MSCs [120], in particular 
posterior superior iliac spine (PSIS) [152].

62.4.4.3  Image Guidance for Bone Marrow 
Extraction

To perform BMC procedures, a certain volume and quality 
of bone marrow tissue are required. The aspiration volume is 
contingent on the processing volume of the BMC concentra-
tion system that is being used. It is imperative to precisely 
locate the BM donor site, as MSCs are mostly located in the 
endosteal and subendosteal marrow region and some are 
present around the blood vessels [127, 153, 154]. The precise 
delivery of local anesthetics and safe trocar placement before 
marrow extraction are accomplished by using image guid-
ance [155]. In the following section, we focus on the poste-
rior super iliac spine (PSIS) sites, as it is the most frequently 
reported anatomical site for BMA.

62.4.5  BMAC Harvesting: Ultrasound Guided

When the PSIS is targeted, patients are positioned in the 
prone position, while avoiding lumbar lordosis. The sono-
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graphic assessment uses a portable ultrasound system with a 
5-2 low-frequency curvilinear transducer positioned in a 
transverse plane over the hyperechoic bilateral sacral cor-
nual, with the patient lying prone and the monitor screen in 
the line of sight of the operator. The probe is then translated 
contralaterally from the physician, keeping the hyperechoic 
sacrum visualized. Next, the probe is translated proximally, 
with the hyperechoic ilium coming into view, while main-
taining the hyperechoic sacrum, until the most superficial 
depth of the ilium is reached, known as the PSIS, contralat-
eral to the examiner [156]. After identification of the PSIS, 
the most superficial depth is confirmed in both transverse 
and longitudinal orientation (Fig. 62.6). With the probe in the 
transverse plane at the PSIS, the slope of the iliac wing is 
noted for correct angulation of the BM trocar, and the most 
superficial depth of the PSIS is brought under the most 
medial aspect of the ultrasound probe. Using a sterile marker, 
a mark and directional line are made in both parallel and 
perpendicular orientations to form an intersection at the most 
superficial depth of the PSIS. This mark is maintained on the 
patient during skin preparation prior to the introduction of 
the BM trocar, and a superficial wheal of local anesthetic is 
placed at the point of planned trocar skin entry. Following 
the local antiseptic measures, sterile ultrasound gel is applied 
at the marked area, and a sterile probe cover is applied to the 
5–2 MHz curvilinear array transducer. Typically, a mixture 
of local anesthetics is injected around the PSIS cortex and 
periosteal sleeve, under continued sonographic guidance, 
making sure to “walk off” the PSIS in four directions (supe-
riorly, medially, laterally, and inferiorly), confirmed by sono-
graphic guidance. The trocar is then introduced, using either 
a manual force that is perpendicular or slightly lateral to the 
patient, at 9–12 counterclockwise- clockwise rotations, or a 
mallet. The next step of the procedure is subject to the imple-
mentation of the instructions for use provided by the manu-
facturer of the aspiration harvesting system.

62.4.6  BMAC Harvesting: Fluoroscopic Guided

After proper patient positioning, the fluoroscopic equipment 
is installed to optimize the positioning for fluoroscopic imag-
ing, using ipsilateral or contralateral oblique beam angula-
tions for viewing the targeted PSIS site. The perpendicular 
fluoroscopic approach requires a beam angle around 15° 
ipsilateral to the PSIS entering laterally with angulation 
toward the sacroiliac joint. This angle will view the lateral 
ilium outer wall, and a needle is directed anteromedially. 
Fluoroscopic images support in positioning the tip of the tro-
car above the target area for entering the PSIS. The parallel 
fluoroscopic approach results in viewing down the PSIS 
table, at a 25° contralateral oblique beam position. This 
results in a classic view of the “teardrop” (Fig. 62.7).

Imaging can confirm the entry point into the PSIS table 
and visualize the angle through the cortex, allowing for safe 
trocar advancement in the BM cavity, at the tick part of the 
ilium bone [157]. Using proper fluoroscopic techniques, the 
parallel approach technique allows for a safe deeper marrow 
penetration. However, always, regardless of the approach, 

Fig. 62.6 Ultrasound image of the right PSIS, with the probe in trans-
verse plane. A indicates the wing of the PSISI; B is the angulation of the 
trocar; C marks the superficial depth of the PSISI below the skin (D)

Fig. 62.7 The parallel fluoroscopic approach, viewing down the PSIS 
table (B), at a 25° contralateral oblique beam position. This results in a 
classic view of the “teardrop” (A). (Outline of the medial and lateral 
borders, in yellow). The tip of the BMA trocar and handle (C) marks the 
entry site in the marrow cavity
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avoid increased manipulation and tissue trauma using the 
sharp trocar, as this will increase the risk for neurovascular 
injury, bleeding, tearing of lateral gluteal muscle origins, and 
post-procedural pain.

62.4.6.1  BMC: Immunomodulatory Effects
For MSCs to become “immunosuppressants,” they need to 
be triggered by inflammatory cytokines, and the inflamma-
tory environment is then a crucial factor for MSCs to exert 
their immunomodulatory effects. These are wielded by 
blocking apoptosis of native and activated neutrophils, aside 
from decreasing neutrophils from binding to vascular endo-
thelial cells and mobilizing neutrophils to the area of damage 
[158]. However, the mechanisms by which MSCs are mobi-
lized and recruited to damaged sites are not known. In addi-
tion, how they survive and differentiate into distinct cell 
types is still not clear. Once MSCs have been applied to the 
microenvironment of injured or degenerated tissues, many 
factors stimulate the release of many growth factors by 
MSCs. These growth factors stimulate the development of 
fibroblasts, endothelial cells, and tissue progenitor cells 
[159]. It is credible to state that the use of MSCs and their 
potential in immunomodulation in regenerative medicine 
applications hold great promise [160, 161].

62.4.6.2  BMC: Angiogenetic Effect
MSC paracrine trophic factors are potentially important in 
maintaining endothelial integrity and promoting angiogene-
sis through their ability to regulate endothelial cell prolifera-
tion and ECM production [162]. Furthermore, endothelial 
cell permeability is reduced, and MSCs inhibit interactions 
between leukocytes and endothelial cells [163]. Apart from 
MSC trophic factors, fibroblasts have fundamental functions 
in maintaining tissue integrity and promote tissue healing 
through their secretion of cytokines that support ECM build-
ing. These endothelial and angiogenetic capabilities have 
been demonstrated in clinical studies addressing chronic 
wound healing [164, 165] and recovery from post- myocardial 
infarction [166].

62.4.6.3  BMC: Tissue Repair Processes
BMACs are heterogeneous cell compositions that include 
BM-MSCs, making them endogenous cell sources for regen-
erative medicine repair treatments. They act by reducing cell 
apoptosis, fibrosis, and inflammation and activating cascades 
that lead to cell proliferation [167, 168]. In addition, 
BM-MSCs have the potential to differentiate into multiple 
cell lineages, including osteoblasts, adipocytes, myoblasts, 
epithelial, and neuronal cells [144]. They also contribute to 
angiogenesis via paracrine and autocrine pathways. Equally 
important, BM-MSCs are contributors to immunomodula-
tory actions independent of immune-specific cells, which 
participate in the inflammatory phase of wound repair [161, 

169]. Moreover, BM-MSCs support the recruitment of cells 
to neoangiogenic treatment sites to accelerate local revascu-
larization [170]. Kim et al. demonstrated that in the absence 
of an adequate scaffold, the survival rate of BM-MSCs and 
their reparative and differentiation capacity to enhance heal-
ing are jeopardized [171]. Although tissue harvesting, speci-
men preparation, and mechanism of action are different for 
PRP and BMCs, studies have shown that they can comple-
ment each other [172, 173].

62.4.7  BMC Trophic Effects Mediated by PGF

PRP platelet growth factors are crucial proteins that are 
involved in the BMC reparative processes and their role is to 
stimulate the various MSC capabilities, activities, and repar-
ative functions, a phenomenon termed PRP trophic effects. 
The diversity of PDGFs and other cytokines involved in 
BMC trophic processes can initiate tissue repair by decreas-
ing cell apoptosis and anabolic and anti-inflammatory 
effects, and by activating cell proliferation, differentiation, 
and angiogenesis via paracrine and autocrine pathways [174, 
175]. Explicitly in OA treatments, PDGF plays a specific 
role in regenerating cartilage and maintaining homeostasis 
via MSC proliferation and inhibition of IL-1-induced chon-
drocyte apoptosis and inflammation [176]. Also, three TGF- 
β isoforms are active in stimulating chondrogenesis and 
inhibiting inflammation, and they express their ability to pro-
mote MSC-associated tissue healing via inter-molecular 
actions [174]. MSC trophic effects are associated with PGF 
activity and the secretion of reparative cytokines. Ideally, all 
of these cellular factors should be present in the BMA treat-
ment vials and delivered to tissue injury sites to promote 
optimal MSC-associated therapeutic tissue healing [175].

Combining BMC and PRP: There is minimal information 
available on the presence or concentrations of PGFs in 
BMCs, or the ideal ratio needed to support BM-MSC trophic 
actions. Some clinicians combine high PRP concentrations 
with BMACs to have potentially more biologically active 
graft, projected to optimize regenerative medicine treatment 
outcomes [177]. However, there are minimal safety and effi-
cacy data available that indicates that combining high PRP 
concentrations with BMAC is a more effective treatment 
option. Therefore, we believe that manipulating BMMSCs 
by priming them with high platelet concentrations may not 
be indicated at this stage.

62.5  Adipose Tissue Concentrate (ATC)

Aside from PRP and BMC preparations, adipose tissue (AT) 
has been used as a cell-based therapy in orthobiological and 
regenerative medicine procedures to create an adipose tissue 
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concentrate (ATC), harvested and prepared at point-of-care 
in an office setting. Autologous AT is a heterogeneous bio-
logical source of various cellular tissue components. 
Furthermore, concentrated adipose tissue provides clinicians 
with a physiological 3D multicellular scaffold, including 
adipose stem cells (ASCs) and stromal cells. Both autolo-
gous and allogeneic ATCs have been employed in clinical 
trials to treat conditions such as lipoatrophy, muscular dys-
trophy, myocardial infarction, stroke, and spinal cord injury 
[178, 179]. ATCs have demonstrated to be effective in the 
treatment of MSK disorders and other regenerative applica-
tions, comparable to MSCs originating from BMCs. Like 
other MSCs, ASCs can differentiate into cells of mesodermal 
(osteoblasts, adipocytes, and chondrocytes), endodermal 
(hepatocytes, pancreatic cells), and ectodermal (neurons) 
primary layers [180]. These characteristics are of high inter-
est when treating MSK disorders like osteoarthritis and 
chronic tendinopathies.

62.5.1  Adipose Tissue Structure

Adipose tissue is a highly vascularized connective tissue, 
abundantly present throughout the human body. White AT 
(WAT) is responsible for energy storage and plays a pivotal 
physiological role in maintaining metabolic homeostasis in 
the body by releasing several adipocytokines, growth factors, 
and cytokines that may act in an endocrine or paracrine fash-
ion [181]. Brown AT (BAT) plays a significant role in ther-
mogenesis via the actions of uncoupling protein 1. BAT cells 
present the ability to disperse energy by producing heat to 
ensure body temperature regulation, rather than storing it as 
triglycerides [182].

62.5.2  Adipose Tissue as a Source of Stem 
Cells

In 2002, Zuk et  al. performed the first characterization of 
adult stem cells, isolated from lipoaspirates, demonstrating 
that ASC derived from WAT lipoaspirate exhibits MSC prop-
erties, like plastic-adherent, multipotency, and differential 
capacity [183–185]. AT MSCs have a high proliferation 
capacity and multilineage cell differentiation potential capa-
ble of differentiating into adipogenic, chondrogenic, myo-
genic, osteogenic, and neurogenic cells [186]. These 
AT-specific characteristics, combined with an abundance of 
MSCs when compared to MSCs derived from bone marrow 
[187, 188]. Therefore, ATs prepared form WAT have great 
potential in clinical orthobiological tissue repair applications 
[189, 190]. Furthermore, Yun et al. described the AT MSC- 
mediated effects on the reduction of proinflammatory cyto-
kines, chemokines, cellular apoptosis, and collagenases 

[191]. Moreover, AD-MSCs have been shown to be immune- 
privileged [192]. AT has been one of the most studied tissues 
in the last decade [193–195] and they are increasingly popu-
lar. Practitioners value the high MSC content in ATC and 
they consider harvesting of subcutaneous WAT beneath the 
skin as a relatively easy procedure. Consequently, physicians 
might consider that MSCs from ATC have distinct advan-
tages over “conventional” BMC preparations for orthobio-
logical applications.

62.5.2.1  Stromal Vascular Fraction (SVF)
The use of AT in regenerative medicine is based on the sepa-
ration of the vascular stroma contained in ATC, allowing for 
access to AD-MSCs [196, 197]. The isolation of AD-MSCs 
from WAT involves the separation of adipocytes from the 
remaining adipose cells of the SVF. SVF is a heterogeneous 
collection of cells contained within adipose tissue and can be 
isolated from fat using different disruption techniques, enzy-
matic digestion, or mechanical emulsification (ME).

Various techniques, including centrifugation (density gra-
dient layer separation), are available for preparing a viable 
biological specimen to initiate SVF production. 
Centrifugation techniques have proven to be an effective 
means to safely wash, rinse, eliminate the infranatant- 
extracellular fluid, separate free lipids and residual oil, and 
prepare concentrated adipose tissue. In Fig.  62.8, the final 
processed adipose tissue is shown.

AD-MSCs and SVF cells, both contained in the SVF, 
meet the four criteria for MSCs as defined by the International 
Society for Cellular Therapy (ISCT) [198]. The presence of 
these cells can be measured by laboratory techniques, includ-
ing flow cytometry techniques, as each cell has their own 
unique cell surface marker [199]. In Table 62.8, the heteroge-
neous SVF cellular distribution is shown.

62.5.3  Enzymatic Digestion vs. Mechanical 
Emulsification

Enzymatic digestion techniques use enzymes (collagenase) 
to isolate stromal and MSCs from adipose tissue by digesting 
the peptide bonds in the collagen of WAT with the destruc-
tion of extracellular structures. Centrifugation techniques are 
employed to separate the floating adipocytes from the pel-
leted SVF, following good manufacturing practices regard-
ing closed, sterile, and safe isolation processes [200]. In 
these preparation protocols, a combination of enzymatic 
digestion and incubation/agitation has been identified, pro-
ducing an adipose-derived cellular SVF (AD-cSVF). Freshly 
isolated SVF can directly be applied, without the need for 
further cell separation or in vitro expansion. AT-MSCs con-
stitute as much as 1% of SVF cells compared with the 0.001–
0.002% of BM-MSCs in bone marrow [201]. Furthermore, 
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detrimental erythrocytes are usually removed using a lysis 
buffer with a standard enzymatic processing protocol com-
pared to a BMC product, which contains a significant num-

ber of erythrocytes [200]. In current FDA guidelines, 
enzymatic cellular prepared SVF products fall into the “more 
than manipulated” category and require specific clinical tri-
als to examine and report the long-term safety and efficacy of 
such products in human clinical uses.

Another method to produce SVF refers to the definition of 
adipose-derived tissue SVF (AD-tSVF). This method 
addresses the adipose stromal population within a bioactive 
scaffold, or extra cellular matrix tissue, as described by 
Alexander. AT, acquired via lipoaspiration techniques, can 
be concentrated to an ATC by centrifugation and is thereafter 
subject to mechanical disruption by a process termed 
mechanical emulsification (ME) (Fig.  62.9). Hereafter, the 
final product is often termed microfat or nanofat, since it is 
composed of both cellular and native structural fragments 
[202, 203]. Therefore, emulsified AD-tSVF produces not a 
100% concentrated cellular product when compared to 
AD-cSVF. Ultimately, after ME of ATC, the final AD-tSVF 
treatment specimen is injected into diseased tissue structures 
enabling the AD-MSCs to repair damaged and diseased 
tissues.

An advantage of this ME method is that prepared 
AD-tSVF offers the ability to provide a bioactive cellular tis-
sue matrix after tissue application. Additionally, anti- 
inflammatory or immunosuppressive factors are secreted, 
capable of exerting immunomodulatory effects [204]. 
Noteworthy, AD-tSVF preparations and their subsequent 
applications are approved by the FDA.

62.5.3.1  Adipose Immunomodulatory Effects
Several studies have compared the immunomodulatory abili-
ties of AD-MSCs and BM-MSCs and have shown that they 
exhibit similar effects when used in autoimmune diseases 
and chronic inflammatory conditions [205–207]. AD-MSCs 
can regulate the immune system directly via cell-cell com-
munication and indirectly through the secretion of soluble 
mediators, growth factors, and extravascular vesicles [208, 
209]. In adipose tissue, AD-MSC interact with numerous 
cell types, including immune cells, endothelial cells, pre- 
adipocytes, hematopoietic cells, nerve cells, endothelial 
cells, and pericytes surrounding the blood vessels. AD-MSCs 
and immune cells can interact because they can regulate and 
influence the activity of T cells, B cells, and macrophages 
in vitro and in vivo [210]. Indirect cell-cell communication is 
instigated by AD-MSCs when they secrete soluble mediators 
and extravascular vesicles (exosomes and micro vesicles) 
that are known to have therapeutic effects in regenerative 
medicine [211]. The most cited soluble mediators are pro- 
inflammatory and anti-inflammatory cytokines, adipokines, 
antioxidative, pro-angiogenic, anti-apoptotic, growth factors 
(like, VEGF, FGF, TGF), and specific interleukins (IL-6, 
IL-7). Currently, the clinical production of SVF to acquire 
AD-MSCs is subject to investigations addressing their 

Oil and Adipose Fraction

Adipose Tissue Concentrate

Residual Tumescent Fluid

Fig. 62.8 Centrifugated density separation of adipose tissue, showing 
on top the oil and adipose fraction. The middle layer is the ATC, and at 
the bottom of the concentration device (Progenikine® Adipose 
Concentration System, EmCyte Corporation, Fort Myers, FL, USA, 
with permission) is the residual tumescent fluid

Table 62.8 SVF Cellular distribution

15–30% Stromal cells:
   AD-MSCs
   Pre-adipocytes
   Fibroblasts
35–45% Hematopoietic-lineage cells:
   Erythrocytes
   Platelets
   Neutrophils
   Lymphocytes
   Monocytes/macrophages
1–15% Hematopoietic stem and endothelial progenitor cells
3–5% Pericytes
10–20% Endothelial cells
5–15% Smooth muscle cells

Abbreviations: AD-MSCs adipose mesenchymal stem cells

62 Autologous Orthobiologics



670

immunomodulatory potential in regenerative medicine. 
Critical aspects in these studies are the ability to develop 
standardized preparation protocols to ensure effective and 
safe use in orthobiological procedures.

62.5.3.2  ATC: Angiogenetic Effect
ATs have been intensely studied for the treatment of mul-
tiple conditions as they have great potential in orthobiologi-
cal and regenerative medicine. AD-MSCs show paracrine 
activity and exhibit differentiation potential toward differ-
ent cell lineages (adipogenic, osteogenic, chondrogenic, 
and myogenic lineages), while providing immunosup-
pressive properties and low immunogenicity [212]. AT 
produces and secretes various angiogenic factors such as 
angiopoietin-2 (Angpt2) and VEGF, as well as adipokines 
such as leptin and adiponectin, which influence and mod-
ulate angiogenesis and the vascular structure [213]. This 
suggests an autoregulatory function for angiogenesis in 
AT. Interestingly, precursor cells in blood vessel wall have 
been identified capable of differentiating into endothelial 
cells and/or adipocytes in WAT [214]. They concluded a 
high adipogenic potential, linking EC and adipocytes in 
terms of interchangeability based on cell-cell interactions, 
enabling them to participate in the formation of angio-
genesis and neovascular structures. Therefore, AD-MSCs 
might affect the growth of capillary networks which are 

required in adipose tissue enlargement [215]. Furthermore, 
by enhancing angiogenesis and vasculogenesis, AD-MSCs 
promote neovascularization, which is fundamental in the 
treatment of tissue repair and post-(ischemic) injuries. 
These specialized characteristics of ATC were demonstrated 
by Miranville et al., revealing the expression of CD34 and 
CD133 of AD-MSCs which can differentiate into endothe-
lial cells, contributing to revascularization [189]. Not only 
do AD-MSCs stimulate angiogenesis through differentia-
tion into epithelial cells but also through paracrine activity, 
releasing angiogenic factors.

More specifically, the cellular components of SVF are 
rapidly restored to form new vessels in diseased tissue struc-
tures following orthobiological injections [216]. 
Neovascularization is further stimulated by stromal cells 
through the release of VEGF, TGF-b, and hepatocyte growth 
factor (HGF) [217]. Macrophages have demonstrated to be 
important cells in SVF for the proper structural organization 
of new blood vessels [216].

62.5.3.3  ATC: Tissue Repair Processes
Tissue repair processes following ATC and AD-tSVF prepa-
rations for orthobiological indications are based on their 
stromal, multipotent, and hematopoietic cell populations.

In addition, AD-tSVF can produce an assortment of 
angiogenic, hematopoietic, and anti-apoptotic factors that 

Lipo-aspirate

Density Centrifugation to produce ATC

Emulsified ATCStromal Vascular Fraction

Mature Cells Progenitor Cells Stem Cells

Adipocytes
Fibroblasts
Smooth Muscle Cells
Endothelial Cells

EPC
Pre-Adipocytes
Vascular progenitors
Hematopoietic progenitors

MSCs
HScs
Pericytes

Fig. 62.9 SVF production 
steps. Adipose tissue is 
harvested following 
lipoaspiration and 
subsequently processed in a 
centrifuge for density cellular 
layering. After centrifugation, 
the ATC can be subject to ME 
before application as an 
orthobiological preparation. 
After EM, SVF cellular 
components will be liberated 
from the concentrated 
AT. This heterogeneous 
mixture is characterized as 
mature, progenitor stem cells
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further expedite tissue repair (regeneration) via autocrine 
and paracrine actions [179].

SVF has the capacity to attain positive treatment out-
comes through multiple cell components and tissue scaffold 
interactions with the extra cellular matrix (ECM).

The ECM is known as a potent scaffold in many tissues 
and accelerates the capability of regenerative functions by 
nearby cells [196]. The ECM encompasses structural pro-
teins excreted by fibroblast, such as collagen, fibronectin, 
and elastin. A typical ECM characteristic is its ability to 
interact dynamically with integrin proteins on adhesive cells, 
triggering signaling pathways and changes in cell activity 
[218]. Furthermore, the ECM contributes to the growth of 
vascular infrastructure during angiogenesis [219]. Since the 
SVF comprises matrix-secreting fibroblasts and other stro-
mal cells, the clinical application of ATC and SVF is possi-
bly beneficial to various tissue types that benefit from a 
three-dimensional (3D) scaffold, like the ECM of tendons, 
which is composed of collagen and a smaller fraction of elas-
tin embedded in a hydrated proteoglycan matrix [220].

ATC and AD-MSCs have been recognized as effective 
regenerative treatment modalities over the past decade. Aside 
from their capacity to differentiate into a variety of mature 
cell types, the stromal fraction within the SVF, including 
fibroblasts and stem cells, stimulates angiogenetic processes 
and the ECM secretes, among others, collagen proteins [221]. 
It has been suggested that fibroblast-derived ECM compo-
nents are essential for the development of blood vessels and 
that angiogenesis necessitates synergy between stromal and 
endothelial populations [222]. Therefore, regenerative mech-
anisms demand synergy between angiogenesis and the syn-
thesis of ECM proteins, founding a suitable milieu for tissue 
healing. Another tissue repair process is mediated by the pres-
ence of monocytes and macrophages in SVF. Approximately 
5–15% of these cells are anti- inflammatory macrophage phe-
notype M2, an important component in controlling the envi-

ronment for regeneration [223]. Additionally, 10–15% of the 
SVF comprises lymphocytes, including regulatory T cells 
contributing to tissue immune responses [223].

It appears that the heterogeneous composition of tissue 
SVF has distinct advantages. The interplay of controlled 
inflammation with immunomodulatory properties of 
AD-MSCs, as precursors to ECM formation and angiogene-
sis, provides the necessary constituents for cellular and mus-
culotendinous repair processes and promotes the restoration 
of functional tissue.

62.5.3.4  Adipose Tissue Harvesting
Liposuction is the removal of subcutaneous fat by which it is 
possible to obtain the adipose tissue for autologous fat trans-
plantations and for the preparation of ATC, for ASCs thera-
peutic treatments. The procedure is executed by means of 
aspiration cannulas, introduced through small skin incisions, 
assisted by suction. Its basic principles have been elaborated 
by Illouz, who was the first to introduce the modern, safe, 
and widespread method of liposuction with a blunt-tipped 
cannula as well as subcutaneous infiltration to facilitate adi-
pose breakdown and aspiration [224, 225]. The procedure 
preserves neurovascular structures while maintaining fluid 
balance, with minimal patient discomfort [226]. In 1985, the 
tumescent liposuction technique was introduced by Klein 
[227]. Later, Coleman introduced a new three-step technique 
to decrease trauma to adipose tissue following liposuction: 
manual lipoaspiration under low pressure, centrifugation for 
3 min at 3000 rpm, and 3D matrix reinjection [228]. In gen-
eral, lipoaspiration techniques should not affect cell viability 
and consequently the yield of ASCs [198, 229]. Harvested 
WAT is transferred to a concentration device using minimal 
processing steps for autologous concentrated fat grafting 
preparations and ultimately ASC functionality (Fig. 62.10). 
An overview of adipose harvesting steps is given in 
Table 62.9.

1 2 3 4 5

Fig. 62.10 ATC preparation techniques reviewed. After harvesting of 
AT, the extracted AT is racked and decanted from the syringe (1). After 
centrifugation (2), the oil (3) and tumescent fluid are removed, and sub-

sequently the ATC is collected (4). Before injecting ATC, mechanical 
emulsification will size the ATC and break down the adipocytes (5)
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62.5.3.5  Bone Marrow MSCs Versus 
Adipose MSCs

Adult MSCs are undifferentiated multipotent cells character-
ized by the capacity for self-renewal and the ability to dif-
ferentiate into various cells of mesenchymal origin, including 
adipocytes, chondrocytes, myocytes, and osteoblasts, when 
exposed to specific growth signals [13], and the ISCT pro-
posed clear criteria for the definition of both BM and AT 
MSCs [223].

Comparing AD-MSCs and BM-MSCs, the latter have 
been the most extensively used and investigated MSCs. 
However, some practitioners consider limitations with 
extracting BM-MSCs. Cited limitations are the possible pain 
and morbidity following harvesting and the limited number 
of MSCs that can be obtained, as only a relatively small 
amount (0.001–0.01%) of harvested BM cells are MSCs 
[135]. These issues have led for the search of alternative and 
comparable sources for MSCs. Abundant numbers of 
AD-MSCs have been reported to be easily isolated from adi-
pose tissue by a minimally invasive procedure [190]. In addi-
tion, AT can be harvested from multiple sites [230–232]. 
Various studies indicate that BM-MSCs and AD-MSCs have 
comparable characteristics when it comes to CD markers and 
morphology [223], and like BM-MSCs, AD-MSCs can 
undergo multi-lineage differentiation, including osteogenic, 
chondrogenic, adipogenic, cardiomyocytic, hepatic, and 
neurogenic differentiation [233]. It has been postulated that 

the capability of proliferating and differentiating into differ-
ent mesenchymal lineages make AD-MSCs a promising 
less-invasive alternative to BM-MSCs for cell-based thera-
peutic applications [234]. Klar et al., a cellular comparison 
was performed between BMC and SVF and a conclusion 
was made that the mononucleated fraction of the SVF is 
richer in stromal cells (15–30% of all cells) [235]. However, 
most of these studies compared AD-MSCs and BM-MSCs 
obtained from different individuals [236], lacking donor- 
matching MSCs from BM and AT tissues, and they were 
studied in MASC expansion studies. Furthermore, there is a 
lack of standardized methods and quality controls tests to 
translate scientific findings from basic science into the stan-
dard of orthobiological applications.

In an in  vitro study, Mohamed-Ahmed and co-workers 
compared the properties of BM-MSCs and AD-MSCs, 
acquired from the same individuals [13]. They reported com-
parable multi-potencies, morphology, and immunopheno-
typing for both MSC types. Nevertheless, their tissue-specific 
differentiation capacity varied. BM-MSCs were superior to 
AD-MSCs in terms of osteogenic and chondrogenic differ-
entiation, while AD-MSCs had higher proliferation and adip-
ogenic potential. Furthermore, other reports have also 
concluded that MSCs preferentially differentiate into cells of 
their native microenvironment [237, 238].

62.6  Summary

Autologous PRP can be easily prepared from whole blood 
and can ultimately secrete multiple growth factors and other 
cytokines for regulating various physiological activities. 
These platelet constituents induce tissue repair and are capa-
ble of stimulating proliferation and differentiation of differ-
ent stems cells in MSK injury models and have been used 
safely and effectively for decades. Current literature supports 
the use of PRP in early OA and other indications. 
Unfortunately, we are still in search for consensus of appro-
priate bioformulations and preparation standards to treat dif-
ferent maladies. PRP treatments require considerably less 
resources when compared to MSC cellular-based therapies.

Following PRP treatments, autologous progenitor and 
MSC stem cell-based therapy have emerged as an alternative 
strategy in MSK disorders to overcome the limitations and 
consequences of more invasive treatment procedures. These 
limitations include (post-surgical) treatment morbidity, risk 
of infection, wound healing disturbances, and hemorrhage 
[239]. Despite their safety, regulatory complexities have 
materialized to implement MSC cell-based therapies, with 
more restrictions to the use of adipose tissue, making these 
treatments less available for most patients. Although autolo-
gous orthobiological interventions demonstrate very promis-
ing results, some (competitive commercial) organizations 

Table 62.9 ATC preparation steps

A. Tumescent fluid preparation: a sterile NaCl solution consisting of 
anesthetics (lidocaine for pain relief and epinephrine for blood 
vessels to constrict to minimize RBC contamination in fat tissue 
during harvesting).
B. Tumescent injection: via small skin cuts, a thin blunt injector 
needle is injected in the target adipose harvesting area.
C. Waiting time: reports indicate to wait at least 20 minutes before 
starting the fat-harvesting procedure. This time is needed for the 
fluid to cause the injected area to swell and stiffen, supporting in 
easy fat removal.
D. Adipose harvesting: with a dedicated harvester cannula, fat tissue 
is harvested using liposuction; by applying manually negative 
pressure to a collection syringe, fat is removed from the area that 
was injected with tumescent fluid.
E. Racking and decanting: syringes filled with harvested fat are 
placed in a rack, with plunger in upward direction. After the adipose 
harvesting, leave all syringes in the rack for 10–15 minutes, with the 
luer connection of the syringe capped. Decant the supernatant 
(tumescent fluid) by removing the cap, until adipose tissue starts to 
block the luer.
F. Transfer the decanted fat into a disposable processing device and 
place it in a dedicated centrifuge to concentrate the AT specimen.
G. Centrifugation protocol: density layer separation by 
centrifugation, producing ATC. Follow the instruction for use of the 
preparation device to extract ATC.
H. Mechanical emulsification: a method to emulsify the ATC, by 
moving the two syringes back and forward through a restraining 
device to size the ATC, making it suitable for tissue injection.
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consider them experimental, with unproven cost/efficacy 
data and treatment durability.

High expectations on the performance of all three dis-
cussed orthobiologics will be met after clarifying scientific 
barriers, through a clearer understanding of the underlying 
mechanisms of action. In addition, comprehending the vari-
ous crucial clinical features of MSK pathologies, that poten-
tially can be treated with orthobiologics, will allow for the 
improvement of orthobiological product definitions and 
application procedures. Combined with patient stratifica-
tions according to biological and clinical criteria, these 
aspects together will increase the efficacy of PRP, BMC, and 
ATC treatments and contribute to move the field of manage-
ment of musculoskeletal and sports lesions forward, poten-
tially increasing the utilization and acceptance of autologous 
orthobiological treatment modalities.
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examination, 424, 425
presentation, 424
risk factors, 424
surgery, 426

plantaris injury, 428–430
plica syndrome, 426, 427
posterolateral corner injuries

anatomy, 431
diagnostic imaging, 432
etiology, 431
examination, 432
nonoperative care, 432

operative care, 433
presentation, 432

quadriceps and patellar tendon disorders
anatomy, 419, 420
Blazina classification, 420
eccentric exercises, 423
eccentric heavy low resistance, 423
isotonic and isometric exercises, 423
manual therapy techniques, 423
medical management, 422
Osgood Schlatter disease, 420
physical therapy, 423
Popkin-Golman classification, 420
procedures, 423
risk factors, 419
sport specific rehabilitation, 423
surgical treatments, 423

Anterior longitudinal ligament (ALL), 99
Anterior lumbar interbody fusion (ALIF), 139, 140, 142
Apley grind test, 416
Arterial TOS (aTOS), 606
Articulatory technique, 631
Asymptomatic osteoporosis, 548
Athletic pubalgia, 169
Attention deficit hyperactivity disorder (ADHD), 13
Autograft, 459
Autologous multi-cellular components, 652
Autologous whole blood injections, 478

B
Baker's/popliteal cyst

anatomy, 427
clinical presentation, 427, 428
diagnostic imaging, 428
differential diagnosis, 428
examination, 428
treatment, 428

Balloon kyphoplasty, 550, 552, 553
Barbotage, or ultrasound-guided percutaneous lavage, 389
Basivertebral nerve (BVN), 45, 47–49
Beatty test, 381
Bee venom acupuncture (BVA), 619
Bent-knee test/modified bent-knee stretch test, 372
Biportal endoscopy, 128
Birth tissues, 641
B lymphocytes (B cells), 661
Bone marrow-based injections, 639
Bone marrow concentrate (BMC)

anatomy, 663
angiogenetic effects, 667
endosteal and subendosteal region, 663
extracellular matrix, 664
harvesting and preparation, 665–667
hematopoietic stem cells, 664, 665
immunomodulatory effects, 667
mesenchymal stem cell, 663–665, 667
niche, 663, 664
vs. PRP, 667
regions, 663
stem cell, 664
tissue repair processes, 667
trophic effects mediated by PGF, 667

Bone marrow derived MSC (BM-MSC), 658

Anterior ankle disorders (Cont.)
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Bony Bankart lesion, 193
Bony trauma surgery

ankle fractures/dislocations, 509, 510
ankle fusion, 511, 512
ankle replacement, 510, 511
foot fractures/dislocations, 512
foot fusion, 512, 513
metatarsal fractures, 512, 513
osteotomy, 513, 514
pilon fractures, 510
talar fracture, 510

Botulinum toxin, 56
Boutonnière deformity

anatomy, 323
Burton stages, 323
clinical description, 323
clinical presentation, 324
conservative management, 326
diagnostic work up, 325
physical examination, 324
procedure, 326
rehabilitation management, 326
surgery, 326

Brachialis muscle strain, 237, 238
Brachial plexopathy

anatomy, 598–600
causes of, 598
clinical manifestations, 601
clinical presentation, 601
diagnostic imaging, 602
differential diagnoses, 598
EMG/NCS, 602
laboratory studies, 602
medical management, 602, 603
physical examination, 601
procedures, 604
rehabilitation, 604
surgery, 605
treatments, 602
types of, 600

Brisement, 477–478
Bunnel test, 325

C
Calcaneal fracture, 504
Calcific gluteal tendinopathy, 384
Carpal tunnel syndrome (CTS), 351

anatomy, 289, 290, 567
clinical presentation, 290, 567
diagnostic work-up, 291, 568, 569
differential diagnosis, 568
etiology and pathophysiology, 289
medical management, 292
physical examination, 567, 568

carpal compression test, 291
hand elevation test, 291
Phalen maneuver, 290, 291
Tinel test, 290

procedures, 292, 293
rehabilitation, 292
surgery, 293
treatment, 570, 571

Carpometacarpal compression test, 526
Cartilage injury, knee, 460

Cauda equina syndrome, 61
Cauliflower ear, 5
Centre for Disease Control and Prevention (CDC), 14
Centrifugation techniques, 668
Cervical facet syndrome

anatomy, 33, 34
clinical presentation, 34
diagnostic workup, 35
differential diagnosis, 34
overview, 33
physical examination, 34, 35
treatment

intra-articular biologics, 36
intra-articular steroid injection, 36, 37
medical management, 35
prolotherapy, 37
rehabilitation, 35
RFA, 36, 37
surgical management, 37

Cervical foraminotomy, 138, 139
Cervical microscopic foraminotomy, 128
Cervical myelopathy, 129
Cervical radiculopathy

anatomy, 67, 68
clinical presentation, 68
diagnostic workup, 69–71
interlaminar cervical epidural steroid injections, 71, 73
medical management, 71
physical examination, 68–70
rehabilitation, 71, 72
selective nerve root block, 71
surgery, 71, 73

Cervical spinal stenosis, 63
Cervical spine injuries

anatomy, 99, 100
clinical presentation, 100, 103
diagnostic workup, 101, 102
medical management, 102
overview, 99
physical examination, 100, 101
procedures, 102, 103
rehabilitation, 102
surgery, 103

Cervicogenic headache (CGH)
anatomy, 51, 52
clinical presentation, 53
diagnostic workup, 54
medical management, 54
physical examination, 54
procedures, 56
rehabilitation, 55, 56
surgery, 56

Chemical neurolysis, 587
Chest wall deformities, 161–163
Chest wall disorders

anatomy, 151, 152
clinical presentation, 152
diagnostic workup, 152
medical management, 152
physical examination, 152
procedures, 153
rehabilitation, 152, 153
surgery, 153

Chest wall pain, 635
Chest wall syndrome, 635
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Clarke test, 425
Clavicle fracture, 224, 229
Closed reduction and percutaneous pinning (CRPP), 353
Coccydynia

bony anatomy, 179
clinical presentation, 181
coccygeal ligament anatomy, 180
diagnostic imaging, 181
etiology, 180
innervation, 180
medical management, 181
muscle anatomy, 180
physical examination, 181
procedures, 182, 183
rehabilitation, 181, 182
sacrococcygeal joint anatomy, 179
surgery, 183
vascular supply, 180

Coccygectomy, 143, 144
Cognitive behavioral therapy, 14
Collagenase clostridium histoliticum (CCH), 328
Colles’ fracture, 335
Colony-forming unit fibroblasts (CFU-Fs), 664
Complementary and alternative medicine (CAM)

acupuncture, 615, 616, 619
electroacupuncture, 619
laser acupuncture, 621
low level laser therapy, 623, 625
massage therapy, 625, 626
moxibustion, 621, 623
pharmacopuncture, 619
population-based studies, 615
prevalence, 615
transcutaneous electrical nerve stimulation, 623
treatments, 615

Complex regional pain syndrome (CRPS), 610, 611
Concomitant left scaphoid fracture, 343
Concussion

clinical diagnosis, 13, 14
clinical presentation, 12
mechanism of injury, 11, 12
medical management, 14
physical examination

clinic evaluation, 13
SCAT, 12, 13

rehabilitation, 14, 15
risk factor, 11
signs and symptoms, 11

Congenital dysplasia of hip, see Hip dysplasia
Congenital kyphosis, 91
Congenital spinal stenosis, 59
Congenital stenosis, 134
Constrained induced movement therapy (CIMT), 604
Conus medullaris syndrome, 61
Core muscle injury (CMI), see Groin pain (pubalgia)
Corticosteroid injection (CSI), 388, 477, 531, 649
Costochondral pain

clinical presentation, 156
diagnostic workup, 157
medical management, 157
overview, 156
physical examination, 156
procedures, 158
rehabilitation, 157, 158
surgery, 158

Costochondritis, 156
Costoclavicular space, 606
Costoclavicular test, 607
Costoscalene hiatus, 606
Costovertebral joint dysfunction

anatomy, 160
clinical presentation, 160
diagnostic workup, 160
medical management, 160
physical examination, 160
procedures, 161
rehabilitation, 160, 161
surgery, 161

Crossover communication, 3
Cryoablation, 586
Crystal induced arthropathies, 562
Cubital tunnel syndrome, 574–576
Cuboid fractures, 504
Cytotoxic T cells (Tc cells), 661

D
Damage‐associated molecular patterns, 660
Deep gluteal syndrome, see Piriformis myofascial pain (PMP)
Dentoalveolar trauma, 7, 8
De Quervain’s tenosynovitis, 352

anatomy, 295
clinical presentation, 296
diagnostic work-up, 296, 297
differential diagnosis, 295
medical management, 296
physical examination, 296
procedures, 297
rehabilitation, 296
surgery, 297, 298

Developmental dysplasia of the hip (DDH), see Hip dysplasia
Diabetic amyotrophy, 597
Dial test, 413, 432
Discogenic pain

anatomy, 25
clinical presentation, 26
diagnostic workup, 25–28
etiology, 25, 26
invasive testing, 25
medical management, 28
physical examination, 26
rehabilitation

bird-dog exercise, 28, 29
deep core stabilization, 28, 29
intradiscal PRP, 29, 30
intraosseous radiofrequency ablation, 30
manual therapy, 29
physical therapy management, 29
prone lumbar extension, 28, 29
SCS, 30
steroid injections, 29

surgery, 30
Disk replacement, 142, 143
Distal biceps tendon ruptures, 269, 270
Distal biceps tendon tear, 236, 237
Distal femur fractures, 461
Distal hamstring injuries, 433, 434
Distal radial ulnar joint instability, 525
Distal radius fractures, 353

anatomy, 335
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clinical presentation, 335
computed tomography, 336
differential diagnosis, 336
magnetic resonance imaging, 336
physical examination, 335, 336
radiographs, 336, 337
treatment, 336–338
volar extrinsic and distal radioulnar ligaments, 335, 336

Dorsal intercalated segment instability (DISI), 340
Double crush syndrome, 567
Dupuytren’s contracture

anatomy, 327
clinical presentation, 327
diagnostic work-up, 328
medical management, 328
physical examination, 328
procedures, 328
rehabilitation, 328
risk factors, 327
surgery, 328

E
Elbow capsular strain, 239
Elbow dislocation, 271, 272

definition, 263
diagnostic work-up, 263, 264
elbow reduction maneuvers, 264, 265
medical management, 265
physical exam, 263
procedures, 265
rehabilitation, 265
splinting, 264, 265
surgery, 265
symptoms, 263

Elbow disorders, 634
Elbow fractures

clinical presentation, 266
diagnostic work-up, 267
incidence, 266
medical management, 267
physical examination, 266, 267
rehabilitation, 267, 268
surgery, 268

Elbow osteoarthritis, 272, 273
anatomy, 522
clinical presentation, 522
definition, 522
diagnostic workup, 523
physical examination, 522, 523
treatment, 523, 524

Electrical stimulation, 456
Electroacupuncture (EA), 619
Elson’s test, 325
Ely test, 425
Embryonic stem cells (ESCs), 664
Endoscopic spine surgery, 127
Entrapment syndromes

anterior interosseous nerve entrapment, 570, 571
carpal tunnel syndrome, 567
cubital tunnel syndrome, 574–576
femoral nerve entrapment, 581, 582
fibular nerve entrapment, 578, 579
posterior interosseous nerve syndrome, 572, 573
pronator teres syndrome, 571, 572

radial tunnel syndrome, 573, 574
suprascapular nerve entrapment, 576–578
tarsal tunnel syndrome, 580, 581

Enzymatic digestion techniques, 668
Epistaxis, 4
Exercise-based rehabilitation, 648
Exosomes, 641
Extensor carpi ulnaris (ECU) tendinopathy

clinical presentation, 315
diagnostic work-up, 315, 316
differential diagnosis, 314
medical management, 316
overview, 314
physical examination, 315
procedures, 316
rehabilitation, 316
surgery, 316
types, 314

External snapping hip or external coxa saltans, 389–390
Extra-articular hip impingement, see Ischiofemoral impingement (IFI)
Extra-articular knee disorders

anterior knee disorders (see Anterior knee disorders)
lateral knee disorders (see Lateral knee disorders)
medial knee disorders (see Medial knee disorders)
posterior knee disorders (see Posterior knee disorders)

Extracellular matrix (ECM), 664
Extracorporeal shockwave therapy (ESWT), 396, 478, 648
Extra-spinal sciatica, see Piriformis myofascial pain (PMP)
Extreme lateral interbody fusion (XLIF), 140, 141

F
FABER-external derotation test, 390
FABER (Patrick’s) test, 361, 385
Facial sports injury

anatomy, 3, 4
nasal fractures

clinical findings, 7
dentoalveolar trauma, 7, 8
MMF, 7
tooth avulsion, 9
treatment, 7
ZMC, 7

orbital fractures, 6
overview, 3
secondary survey, 4, 5
sideline primary evaluation, 4
soft tissue injuries, 5, 6

FADIR (Anterior impingement) test, 361
Failed back syndrome (FBS)

definition, 83
diagnostic workup, 86
etiology, 83–85
facial mediated pain, 86
medical management, 86
neuromodulation, 87, 88
physical examination, 85
radiculopathy, 87
rehabilitation, 86
sacral mediated pain, 86
surgery, 87
symptoms, 85

FAIR test, 381
FDA's traditional regulatory pathway, 642
Femoral neck fracture, 405
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Femoral nerve entrapment, 581, 582
Femoroacetabular impingement (FAI), 403

anatomy, 359
cam lesion, 359, 360
clinical presentation, 360, 361
diagnostic work up, 362, 363
differential diagnosis, 361
FABER (Patrick’s) test, 361
FADIR (anterior impingement) test, 361
hop test, 361
log roll test, 361
physical examination, 360, 361
pincer lesion, 359
scour test, 361
single leg squat test, 361
Stinchfield's test, 361
treatment, 363, 364

Fibromyalgia, 557, 558
Fibula non-union, 488, 502, 503
Fibular collateral ligament (FCL), see Lateral collateral ligament 

(LCL) injury
Fibular nerve entrapment, 578, 579
Finger disorders

boutonniere deformity, 323–326
differential diagnosis, 326
Dupuytren’s contracture, 327, 328
mallet finger, 329
surgery, 326
swan neck deformity, 323–326
thumb sprain (skier’s thumb), 330, 331
trigger finger, 331, 332

Finkelstein test, 525
Flexion compression test (Thomas test), 430
Flexor hallucis longus (FHL) tendinopathy

anatomy, 494
clinical presentation, 494
definition, 494
diagnosis, 494, 495
differential diagnosis, 494
etiology/pathophysiology, 494
examination, 494
treatment, 495

Foot fractures, 503, 512
calcaneal fracture, 504
cuboid fracture, 504
metatarsal, 505, 506
midfoot fractures-Chopart, 505
midfoot fractures-Lisfranc’s, 504, 505

Foot fusion, 512, 513
Foot osteoarthritis

clinical description, 538
clinical presentation, 538
diagnosis of, 540
differential diagnosis, 538
examination, 539
treatment, 541–543

Fracture hook of hamate fracture, 343
Fracture Risk Assessment Tool (FRAX), 547
Freiberg maneuver, 381
Full endoscopic spine surgery, 127

G
Ganglion cyst

diagnostic work-up, 278
differential diagnosis, 277

location, 277
medical management, 278
physical examination, 278
procedures, 278
rehabilitation, 278
surgery, 278

Genitofemoral neuropathy (GFN), 588, 589
Glasgow Coma Scale (GCS), 12
Glenohumeral dislocation, 229
Glenohumeral osteoarthritis (OA), 228, 519
Glial Fibrillary Acidic Protein (GFAP), 14
Gluteal tendinopathy or tendinosis (GT)

anatomy, 383
clinical presentation, 385
diagnostic evaluation, 386, 387
hip abduction with secondary actions, 383
physical examination, 385, 386
treatment, 387–389

Gout, 562, 563
Greater occipital nerve (GON), 51, 56
Groin pain (pubalgia)

clinical presentation, 169
diagnostic work-up, 169, 172
differential diagnosis, 167, 168
epidemiology, 168
groin anatomy/biomechanics, 168
medical management, 172
nomenclature/taxonomy, 169
overview, 167
physical examination, 169–172
procedures, 174
rehabilitation, 172–174
risk factors, 169
surgical intervention, 174

H
Haglund deformity, 478, 479
Hamstring myotendinous unit, 371
Hamstring tendinosis, see Proximal hamstring tendinopathy (PHT)
Heel thrush test, 480
Helper T cells (Th cells), 661
Hematopoietic stem cells (HSCs), 664, 665
Herpes zoster (HZ) infection, 584
Heterotopic ossification (HO), 142
High hamstring tendinopathy, see Proximal hamstring tendinopathy 

(PHT)
High velocity/low amplitude (HVLA) technique, 630
High volume injections (HVI), 478
Hip dislocations, 405
Hip disorders, 634
Hip dysplasia, 366, 367, 404
Hip fractures and dislocations, 405, 406

anatomy, 398
clinical presentation, 399
diagnostic workup, 399, 400
extra-capsular intertrochanteric fracture, 397
intra-capsular femoral neck fracture, 397
mechanism of injury, 399
nondisplaced hypointense compression-side femoral neck stress 

fracture, 395
normal weight-bearing ap hip radiograph with typical locations, 

393
physical examination, 399
posterior dislocation of the right femoral head, 399
standing AP pelvis and elongated femoral neck radiographs, 400
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stress fractures and bone stress injuries, 393–396
subtrochanteric fracture, 397
traumatic hip fractures, 396–398
treatment, 400, 401

Hip labral tears, 403
Hip lag sign, 386
Hip osteoarthritis, 404, 405

clinical presentation, 529
definition, 528
diagnostic workup, 530
differential diagnosis, 529
physical examination, 529
prevalence of, 528
risk factors, 529
treatment, 531, 532

Hip resurfacing, 405
Hip surgery

dislocation, 405
dysplasia, 404
femoroacetabular impingement, 403
fractures, 405, 406
labral tears, 403, 404
osteoarthritis, 404, 405

Hoffman’s sign, 61
Home exercise program (HEP), 535
Hook of hamate fracture

anatomy, 343
clinical presentation, 343
diagnostic work-up, 345
differential diagnosis, 343, 344
physical examination, 344, 345
treatment, 345

Hop test, 361
Hueston’s tabletop test, 328
Hula-hoop test, 390
Humeral fracture, 229
Hyaluronic acid (HA) injections, 532
Hyperintensity zone (HIZ), 27

I
Ilioinguinal neuropathy, 590
Iliopsoas impingement, 368
Iliopsoas tendon dysfunction

anatomy, 367
clinical presentation, 368
diagnostic work up, 369
iliopsoas impingement, 368
internal snapping hip, 368
physical examination, 368, 369
treatment, 369, 370

Iliotibial band related disorders
anatomy, 389
clinical presentation, 390
diagnostic evaluation, 390, 391
external snapping hip/external coxa saltans, 389
physical examination, 390, 391
proximal ITB friction syndrome, 389
treatment, 390, 392

Iliotibial band (IT band) syndrome
clinical description, 438
clinical presentation, 438
diagnostic workup, 439
differential diagnosis, 439
leg lifts, 441

modified matrix, 442
pelvic drops, 441
physical examination, 439
stretch, 440
treatment, 439, 440

Image guided intercostal block, 586
Immunomodulatory effects, 659
Indirect techniques, 632
Inflammatory arthritis, 558, 559
Infraclavicular plexopathies, 600
Innate immune system, 660
Insertional Achilles tendinopathy, 478, 479
Intercostal nerve block, 586
Intercostal neuralgia

anatomy, 583
chemical neurolysis, 587
clinical presentation, 584
cryoablation, 586
diagnostic work-up, 584
differential diagnosis, 584
etiology, 584
image guided intercostal block, 586
intercostal nerve block, 586
kinesiotaping and chest wall stretching, 585
medical management, 585
neuromodulation, 587
physical examination, 584
pulsed radiofrequency lesioning, 586
rehabilitation, 585
surgery, 587
thermal radiofrequency ablation, 587
typical and atypical intercostal nerve, 583

Interleukin receptor antagonist protein (IRAP), 641
Internal coxa saltans, 368
Internal snapping hip, 368
International Association for the Study of Pain (IASP) criteria, 27–28
International Society for Cellular Therapy (ISCT), 668
Interphalangeal (IP) joint, 354
Interscale triangle, 606
Intersection syndrome, 351

anatomy, 300
clinical presentation, 301
diagnostic work-up, 301
etiology, 300
medical management, 301
pathophysiology, 300, 301
physical examination, 301
procedures, 301
rehabilitation, 301
surgery, 301

Intertrochanteric and subtrochanteric fracture, 405
Interventional orthobiological techniques, 651
Intervertebral discs (IVD), 45
Intra-articular hip injection, 363, 364
Intra-articular knee disorder

anterior cruciate injury, 411–414
meniscal injuries, 415–417
posterior cruciate injury, 411–415

Ischial bursitis
anatomy, 375
clinical presentation, 375
diagnostic workup, 376, 377
physical examination, 375, 376
treatment, 377

Ischial bursopathy, see Ischial bursitis
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Ischial tuberosity (IT), 371
Ischiofemoral impingement (IFI)

anatomy, 377
clinical presentation, 378
diagnostic workup, 378, 379
physical examination, 378
treatment, 378, 379

Ischiofemoral space (IFS), 377
Ischiogluteal bursitis, see Ischial bursitis

J
Jones fracture, 506
Juvenile kyphosis, 91

K
Kellgren-Lawrence system, 534, 538
Kerrison rongeur, 139
Kienböck’s disease, 284–286
Kiesselbach Plexus, 4
KIVA system, 553
Knee cartilage injuries, 460
Knee dislocation, 462

patellar fracture
anatomy, 451
clinical presentation, 452
diagnosis, 452
physical examination, 452
treatment, 453

tibiofemoral dislocation
anatomy, 451
clinical presentation, 452
diagnosis, 453
physical examination, 452
treatment, 453

Knee disorders, 635
extra-articular

anterior knee disorders (see Anterior knee disorders)
lateral knee disorders (see Lateral knee disorders)
medial knee disorders (see Medial knee disorders)
posterior knee disorders (see Posterior knee disorders)

intra-articular
anterior cruciate injury, 411–414
meniscal injuries, 415–417
posterior cruciate injury, 411–415

Knee fracture, 461
patellar fracture

anatomy, 454
clinical presentation, 454
diagnosis, 454, 455
medical management, 455
physical examination, 454
rehabilitation, 456
surgical intervention, 456

tibial plateau fracture
anatomy, 454
clinical presentation, 454
diagnosis, 454, 455
medical management, 455
physical examination, 454
rehabilitation, 455, 456
surgical intervention, 456

Knee meniscal Injury, 460
Knee osteoarthritis

anatomy, 532
biologics, 536, 537

bone and cartilage changes, 532
clinical presentation, 533
corticosteroid injections, 535
definition, 532
diagnostic workup, 534, 535
differential diagnosis, 532
genicular knee blocks and radiofrequency ablation, 537
medical management, 535
neuromodulation, 537
physical examination, 533, 534
rehabilitation, 535
soft tissue changes, 533
surgery, 537
viscosupplementation, 536

Kyphosis
complications, 92
compression fractures, 91, 93
diagnostic studies, 93, 94
medical management, 94
metabolic causes, 92
physical examination, 92, 93
procedures, 94
rehabilitation, 94
risk factors, 91, 93
sagittal view, 91, 92
surgery, 94
symptoms, 92
types, 91

L
Laceration, 4
Lachman test, 412
Laminoplasty

complications, 135, 136
indications, 135
outcomes, 136
overview, 134
technique, 134, 135

Laser acupuncture, 621
Lateral ankle disorders

ankle sprains, 488, 489
fibula nonunion, 488
os peroneum, 485, 486
os subfibulare, 486, 487
peroneal tendinopathy

anatomy, 483
classification, 484
clinical description, 483
clinical presentation, 484
diagnosis, 484, 485
differential diagnosis, 484
etiology/pathophysiology, 483
physical examination, 484
treatment, 485

sinus tarsi syndrome, 487, 488
Lateral collateral ligament (LCL) injury, 441–443
Lateral epicondylopathy (LE), 269, 270

anatomy, 247
clinical presentation, 247, 248
diagnostic work-up, 248, 249
medical management, 249
physical examination, 248
procedures, 249
rehabilitation, 249
surgery, 249

Lateral facet compression syndrome, 424

Index



689

Lateral femoral cutaneous neuropathy, 591
Lateral hip disorders

calcific gluteal tendinopathy, 384
differential diagnosis, 385
gluteal tendinopathy/tendinosis, 383–389
iliotibial band related disorders, 389–392
trochanteric bursopathy, 384

Lateral knee disorders
iliotibial band syndrome

clinical description, 438
clinical presentation, 438
diagnostic workup, 439
differential diagnosis, 439
leg lifts, 441
modified matrix, 442
pelvic drops, 441
physical examination, 439
stretch, 440
treatment, 439, 440

lateral collateral ligament injury, 441–443
popliteus injury, 444, 445
proximal tibiofibular joint injury, 446, 447

Lateral ligamentous complex (LLC)
clinical presentation, 252, 253
diagnostic work-up, 253
medical management, 254
physical examination, 253
procedures, 254
rehabilitation, 254
surgery, 254

Learning disabilities, 13
Lesser occipital nerve (LON), 51
Leukocyte oxidative burst, 660
Lisfranc’s fracture/dislocation, 513
Log roll test, 361
Low-level laser acupuncture, 621
Low level laser therapy (LLLT), 623, 625, 649
Lumbar endoscopic discectomy, 129
Lumbar facet syndrome

anatomy, 33, 34
clinical presentation, 34
diagnostic workup, 35
differential diagnosis, 34
overview, 33
physical examination, 34, 35
treatment

intra-articular biologics, 36
intra-articular steroid injection, 36, 37
medical management, 35
prolotherapy, 37
rehabilitation, 35
RFA, 36, 37
surgical management, 37

Lumbar laminectomy, 134
Lumbar MIS discectomy, 129
Lumbar radiculopathy

anatomy, 75, 76
clinical presentation, 76
diagnostic workup, 76–78, 80
medical management, 78
overview, 75
physical examination, 76, 77
procedures, 78–80
rehabilitation, 79
surgery, 80

Lumbar spinal instability, 130, 131

Lumbar spinal stenosis, 63, 117, 129, 130
Lumbosacral plexopathy

anatomy, 592
clinical presentation, 594
differential diagnosis, 594
electrodiagnostic testing, 595, 596
imaging modality, 594–596
laboratory studies, 596, 597
medical management, 597
physical examination, 594
procedures, 597, 598
rehabilitation, 597
surgery, 597, 599
types of, 592

Luxatio erecta humeri, 216
Lymphocytes, 659

M
Macrophages, 659
Mallet finger, 329, 353
Massage therapy, 625, 626
Maxillomandibular fixation (MMF), 7
McCleery syndrome, see Venous TOS (vTOS)
MCL valgus stress test, 437
McMurray test, 416
Medial ankle disorders

flexor hallucis longus tendinopathy
anatomy, 494
clinical presentation, 494
definition, 494
diagnosis, 494, 495
differential diagnosis, 494
etiology/pathophysiology, 494
examination, 494
treatment, 495

posterior tibial tendon dysfunction
anatomy, 491
classification system, 491
clinical presentation, 492
definition, 491
diagnosis, 492, 493
differential diagnosis, 491
physical examination, 492
single heel raise, 492
treatment, 493

tarsal tunnel syndrome
anatomy, 495
definition, 495
diagnosis, 496, 497
etiology/pathophysiology, 495, 496
examination, 496
lateral plantar nerve, 496
medial plantar nerve, 496
Tinel sign, 496
treatment, 497
triple compression test, 496

Medial collateral ligament (MCL) injury
anatomy, 436
clinical presentation, 436
diagnostic workup, 437
differential diagnosis, 437
grading, 437
physical examination, 437
treatment, 437, 438

Medial epicondylitis, 270
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Medial epicondylopathy (ME)
clinical presentation, 255
diagnostic work-up, 256
differential diagnosis, 255
medical management, 256
overview, 255
physical examination, 256
procedures, 256, 257
rehabilitation, 256
surgery, 257

Medial knee disorders
medial collateral ligament injury

anatomy, 436
clinical presentation, 436
diagnostic workup, 437
differential diagnosis, 437
grading, 437
physical examination, 437
treatment, 437, 438

pes anserine tendinopathy and bursitis, 434–436
Medial malleolus stress fracture, 502
Medial ulnar collateral ligament (MUCL), 270, 271
Medicinal signaling cells (MSCs), 639
Meniscal injury

anatomy, 415
clinical presentation, 415
diagnostic work-up, 416
knee, 460
physical examination, 416
treatment, 416, 417

Mesenchymal stem cells (MSCs)
adipose vs. bone marrow, 672
adipose tissue concentrate, 668
bone marrow concentrate, 663–665, 667
platelet rich plasma, 658
trophic effects, 652

Metacarpal and phalangeal fractures
anatomy, 346
clinical presentation, 346
diagnostic work-up, 347
differential diagnosis, 346
physical examination, 346–348
treatment, 347

Metacarpophalangeal joint arthritis, 355
Metatarsal fracture, 505–506, 512, 513
Metatarsal phalangeal joint (MTPJ), 512
Microdiscectomy, 129, 136

complications, 137
indications, 136
outcomes, 137
technique, 136, 137

Microendoscopy spine surgery, 128
Microfragmented adipose tissue (MFAT), 640
Microscopic spine surgery, 127
Midface fractures, 4
Midfoot fractures-Chopart, 505
Midfoot fractures-Lisfranc’s, 504–505
Minimally invasive lumbar decompression (Mild® procedure)

efficacy, 117
nonoperative management, 117
percutaneous decompression options, 117
randomized controlled trials, 117, 118
surgical technique, 118, 119

Minimally invasive surgery (MIS), 127
MIS transforaminal interbody fusion (MIS TLIF), 130
Modified bent-knee stretch test, 373

Modified Thomas test, 439
Monocytes, 659
Mood disorders, 13
Motor vehicle accidents (MVAs), 99, 100
Moxibustion, 621, 623
Muscle energy technique (MET), 630, 631
Muscle strain

anatomy, 19
clinical presentation, 20
definition, 19
diagnostic workup, 21
epidemiology, 19
etiology, 20
medical management, 21
physical examination, 20, 21
rehabilitation, 22, 23
surgery, 23
trigger point, 20

Musculoskeletal (MSK) disorders, 651
Myofascial pain, 19

anatomy, 19
clinical presentation, 20
definition, 19
diagnostic workup, 21
epidemiology, 19
etiology, 20
medical management, 21
physical examination, 20, 21
rehabilitation

MFR, 21
physical therapy, 21
spray and stretch technique, 22

surgery, 23
trigger point, 20

Myofascial release (MFR), 21, 631

N
Nasal fractures

clinical findings, 7
dentoalveolar trauma, 7, 8
MMF, 7
tooth avulsion, 9
treatment, 7
ZMC, 7

Needle electromyography, 595
Nerve conduction studies (NCS), 595
Neurogenic TOS (nTOS), 606
Neuromodulation, 587
Neutrophil-extracellular traps (NETs), 660
Neutrophils, 658
Nitric oxide, 647
Noble compression test, 439
Nociceptive effects, 661, 662
Non insertional Achilles tendon pathology, 476
Non-steroidal anti-inflammatory medications (NSAIDs), 647
Nordic hamstring exercise, 373, 374

O
Ober’s test, 390, 439
Olecranon bursitis, 241, 242, 271
Orbital blow out, 6
Orbital fractures, 6
Orthobiologic injection, 23, 388, 396, 532, 651
Osgood Schlatter disease (OSD), 420
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Os peroneum syndrome, 485, 486
OsseoFix Spinal System, 553
Ossification of the posterior longitudinal ligament (OPLL), 134
Os subfibulare, 486, 487
Osteoarthritis (OA), 565

ankle
clinical description, 537
clinical presentation, 538
diagnosis of, 540
differential diagnosis, 538
examination, 539
treatment, 541, 542

clinical presentation, 564
definition, 563
diagnosis, 564
elbow

anatomy, 522
clinical presentation, 522
definition, 522
diagnostic workup, 523
physical examination, 522, 523
treatment, 523, 524

exercises, 565
foot

clinical description, 538
clinical presentation, 538
diagnosis of, 540
differential diagnosis, 538
examination, 539
treatment, 541–543

hip
clinical presentation, 529
definition, 528
diagnostic workup, 530
differential diagnosis, 529
physical examination, 529
prevalence of, 528
risk factors, 529
treatment, 531, 532

knee, 461
anatomy, 532
biologics, 536, 537
bone and cartilage changes, 532
clinical presentation, 533
corticosteroid injections, 535
definition, 532
diagnostic workup, 534, 535
differential diagnosis, 532
genicular knee blocks and radiofrequency ablation, 537
medical management, 535
neuromodulation, 537
physical examination, 533, 534
rehabilitation, 535
soft tissue changes, 533
surgery, 537
viscosupplementation, 536

medical management, 564
physical examination, 564
physical therapy, 564
procedures, 565
rehabilitation, 564
shoulder

clinical description, 519
corticosteroid injection, 521
diagnostic workup, 520
medical management, 520

orthobiologics, 521
peripheral nerve stimulation, 521
physical examination, 520
rehabilitation programs, 520
surgery, 521
viscosupplementation, 521

surgery, 565
wrist and hand

carpometacarpal compression test, 526
clinical description, 524
clinical presentation, 524
diagnostic workup, 526
distal radial ulnar joint instability, 525
Finkelstein test, 525
inspection, 525
neurological examination, 525
palpation, 525
Phalen test, 525
range of motion, 525
scaphoid shift test, 525
thumb grind test, 526
Tinel's sign, 525
treatment, 527, 528
ulnar collateral ligament testing, 526
Watson test/scaphoid shift test, 526

Osteochondral lesions of the talus, 470–472
Osteochondritis dissecans of the elbow (OCD)

clinical presentation, 250
etiology, 250
medical management, 250
Minami classification, 250
physical examination, 250
procedures, 251
rehabilitation, 250, 251
surgery, 251

Osteochondrosis of the capitellum
clinical presentation, 251
diagnostic work-up, 252
medical management, 252
overview, 251
physical examination, 251, 252
rehabilitation, 252
surgery, 252

Osteopathic manipulative medicine (OMM), 629
Osteopathic manipulative treatment (OMT)

articulatory technique, 631
vs. chiropractic manipulation, 633
clinical description, 629
complications, 633
contraindications, 633
HVLA, 630
indication, 632
indirect technique, 632
MET, 630, 631
MFR technique, 631
osteopathic care, 633

ankle and foot disorders, 635
chest wall pain, 635
elbow disorder, 634
hip disorders, 634
knee disorders, 635
pelvic disorders, 634
shoulder disorder, 634
spine disorders, 635
wrist and hand disorders, 634

physical therapy, 633
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soft tissue technique, 632
somatic dysfunction, 629, 630
strain/counterstrain technique, 631, 632
therapeutic application, 629

Osteoporosis
asymptomatic, 548
definition, 547
diagnosis of, 547, 548
insufficiency fracture, 547
medical management, 549
pathologic fracture, 547
physical examination, 548
post augmentation care and rehabilitation, 554
rehabilitation, 549
risk factors, 547
symptomatic, 548
vertebral augmentation

balloon kyphoplasty, 550, 552, 553
contraindications, 549
implantable devices, 553
indications, 549
outcomes, 550
radiofrequency kyphoplasty, 551, 553
vertebroplasty, 550, 551

Osteotomy, 513, 514
Ostoclavicular Test, 608
Os trigonum syndrome, see Posterior ankle impingement syndrome
Oswestry Disability Index (ODI), 129
Outerbridge-Kashiwagi (OK) procedure, 272
Overuse syndrome, 20

P
Pace test/passive seated piriformis test, 381
Paget-Schroetter syndrome, see Venous TOS (vTOS)
Panner’s disease (PD), see Osteochondrosis of the capitellum
Parallel pitch lines, 479
Parameniscal cyst, see Baker's/popliteal cyst
Parapedicular vertebroplasty, 550
Patellar fracture

knee dislocation
anatomy, 451
clinical presentation, 452
diagnosis, 452
physical examination, 452
treatment, 453

knee fracture
anatomy, 454
clinical presentation, 454
diagnosis, 454, 455
medical management, 455
physical examination, 454
rehabilitation, 456
surgical intervention, 456

Patellar grind test, 425
Patellofemoral pain syndrome (PFPS), 635

clinical description, 423, 424
conservative care, 425
diagnostic work-up, 425, 426
examination, 424, 425
presentation, 424
risk factors, 424
surgery, 426

Pathogen‐associated molecular patterns, 660
Pectoralis major tear

anatomy, 154

classification system, 154
clinical presentation, 154
diagnostic workup, 154, 155
etiology, 154
medical management, 155
physical examination, 154
procedures, 155
rehabilitation, 155
surgery, 155, 156

Pectoralis major tendon injury, 227, 228
Pedicle subtraction osteotomy (PSO), 146
Pelvic disorders, 634
Pelvic fracture

rehabilitation, 177
stable injuries, 177
unstable injuries, 177

Pelvic osteotomy, 404
Percutaneous electrical nerve stimulation (PENS), see 

Electroacupuncture (EA)
Percutaneous endoscopic cervical discectomy (PECD), 128
Percutaneous lumbar discectomy, 123–126
Percutaneous needle aponeurotomy (PNA), 328
Percutaneous sacroiliac fusion, 122–124
Percutaneous ultrasonic fasciotomy and debridement, 478
Percutaneous ultrasonic tenotomy (CPT 27006), 389
Peri-acetabular osteotomy (PAO), 404
Perilunate dislocations (PLD), 353
Perilunate fracture-dislocations (PFLD), 353
Peripheral nerve stimulation, 521
Peroneal tendinopathy

anatomy, 483
classification, 484
clinical description, 483
clinical presentation, 484
diagnosis, 484, 485
differential diagnosis, 484
etiology/pathophysiology, 483
physical examination, 484
treatment, 485

Pes anserine tendinopathy and bursitis, 434–436
Phalen test, 525, 568, 569
Phantom limb pain (PLP), 587, 588
Pharmacopuncture, 619
Phlebotomy, 652
Photobiomodulation, see Low level laser therapy (LLLT)
Physical therapy (PT), 21, 413
Pilon fractures, 500, 501, 510
Piriformis muscle trigger point injections, 381
Piriformis myofascial pain (PMP)

anatomy, 379, 380
clinical presentation, 380
diagnostic workup, 381
physical examination, 380, 381
treatment, 381, 382

Piriformis syndrome, see Piriformis myofascial pain (PMP)
Pivot shift test, 412
Plantaris injury, 428–430
Platelet growth factors (PGFs), 652
Platelet poor plasma (PPP), 638, 639
Platelet rich plasma (PRP), 235, 423, 478, 637, 638, 649

activation and tissue repair mechanisms, 655, 656
adaptive immune system, 660, 661
angiogenetic effects, 662
autologous, 651
characteristics, 652
classification, 655
clinical effectiveness, 652

Osteopathic manipulative treatment (OMT) (Cont.)
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clinically required platelet concentration, 657
critical platelet count, 656, 657
dose-dependency, 657
immunomodulatory effects, 659
indications, 651, 652
innate immune system, 660
in vitro vs. in vivo, 657
leukocyte fraction, 658
lymphocytes, 659
macrophages, 659
mesenchymal stem cell, 658
monocytes, 659
neutrophils, 658
nociceptive effects, 661, 662
orthobiologic treatment, 654
phlebotomy, 652
physiological role, 652
platelet granules and content, 653, 654
preparation, 653
properties and bioformulations, 652
RBCs, 659
sub classification and, 658
variation, 657

Plica syndrome, 426, 427
Popliteus injury, 444, 445
Posterior ankle disorders

Achilles tendon disorders
anatomy, 475
clinical presentation, 476
diagnosis, 476, 477
etiology/pathophysiology, 475
Matles test, 476
non insertional Achilles tendon pathology, 476
Thompson test, 476
treatment, 476, 478

Haglund deformity, 478, 479
insertional Achilles tendinopathy, 478, 479
posterior ankle impingement syndrome, 479–481

Posterior ankle impingement syndrome, 479–481
Posterior cruciate ligament (PCL) injury, 459, 460

anatomy, 411
clinical presentation, 412
diagnostic work-up, 413
physical examination, 412, 413
treatment, 414, 415

Posterior drawer test, 412
Posterior endoscopic cervical foraminotomy (PECF), 128
Posterior hip disorders

ischial bursitis, 375–377
ischiofemoral impingement, 377–379
piriformis myofascial pain, 380–382
proximal hamstring tendinopathy, 371–375

Posterior interosseous nerve syndrome (PINS), 572, 573
clinical presentation, 279
diagnostic work-up, 279
medical management, 279
muscles, 279
physical examination, 279
procedures, 281
rehabilitation, 279, 280
surgery, 281

Posterior longitudinal ligament (PLL), 99
Posterior lumbar interbody fusion (PLIF), 140–142
Posterior nasal bleeds, 4
Posterior sag test, 413
Posterior tibial tendon dysfunction (PTTD)

anatomy, 491

classification system, 491
clinical presentation, 492
definition, 491
diagnosis, 492, 493
differential diagnosis, 491
physical examination, 492
single heel raise, 492
treatment, 493

Posterolateral corner (PLC) injuries, 431
anatomy, 431
diagnostic imaging, 432
etiology, 431
examination, 432
nonoperative care, 432
operative care, 433
presentation, 432

Posterolateral drawer test, 432
Posterolateral ligamentous complex, 431
Posteromedial olecranon impingement (PMOI), 243, 244
Postoperative rehabilitation, 131
Post-thoracotomy pain syndrome (PTPS), 584
Postural kyphosis, 91
Prolotherapy, 637, 649
Pronator teres syndrome, 571, 572
Proximal biceps tendinopathy

diagnostic work-up, 192, 193
differential diagnosis, 191
overview, 191
physical exam, 192
symptoms, 191
treatment, 192

Proximal biceps tendon rupture, 228
Proximal fifth metatarsal fracture, 505
Proximal hamstring tendinopathy (PHT)

anatomy, 371
bent-knee test/modified bent-knee stretch test, 372, 373
clinical presentation, 372
diagnostic workup, 374
nordic hamstring exercise, 373, 374
physical examination, 372
Puranen-Orava test, 372
risk factors, 371
rupture/avulsion, 371
single-leg deadlift, 373
supine plank, 373
treatment, 374, 375

Proximal humerus fractures, 224
Proximal ITB friction syndrome, 389
Proximal tibia fracture, 462
Proximal tibiofibular joint injury, 446, 447
Pseudarthrosis, 130
Pulsed radiofrequency (RF) lesioning, 586
Puranen-Orava test, 372

Q
Quadratus femoris impingement, see Ischiofemoral impingement (IFI)
Quadratus femoris (QF) muscle, 377
Quadriceps active test, 413
Quadriceps and patellar tendon disorders

anatomy, 419, 420
Blazing classification, 420
eccentric exercises, 423
eccentric heavy low resistance, 423
isotonic and isometric exercises, 423
manual therapy techniques, 423
medical management, 422
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Osgood Schlatter disease, 420
physical therapy, 423
Popkin-Golman classification, 420
procedures, 423
risk factors, 419
sport specific rehabilitation, 423
surgical treatments, 423

Quadrilateral space syndrome
clinical presentation, 207
definition, 207
diagnostic work-up, 207
medical management, 207
physical exam, 207
procedures, 208
rehabilitation, 207
surgery, 208

R
Radial stress test, 331
Radial tunnel syndrome, 573, 574
Radiofrequency kyphoplasty, 551, 553
Radiofrequency medial branch ablation (RFA), 36, 37
Red blood cell (RBC), 659
Red flags, 12, 13
Regenerative medicine, 651

adipose based injections, 639, 640
alpha 2 macroglobulin, 640
birth tissues, 641
bone marrow-based injections, 639
exosomes, 641
FDA guidance, 642
interleukin receptor antagonist protein, 641
platelet poor plasma, 638, 639
platelet rich plasma, 637, 638
post treatment rehabilitation, 641, 642
prolotherapy, 637

Regenerative rehabilitation, 651
Regular T lymphocytes (Treg), 661
Rehabilitation, 14, 15
Resisted internal rotation (resisted external derotation), 386
Retroclavicular plexopathies, 600
Retropatellar pain syndrome, 423–424
Retropectoralis minor space, 606
Return to play guidelines, 12, 13
Reverse pivot shift test, 432
Reverse total shoulder arthroplasty (rTSA), 228
Rheumatic disorders

crystal induced arthropathies, 562
fibromyalgia, 557, 558
gout, 562, 563
inflammatory arthritis, 558, 559
osteoarthritis, 565

clinical presentation, 564
definition, 563
diagnosis, 564
exercises, 565
medical management, 564
physical examination, 564
physical therapy, 564
procedures, 565
rehabilitation, 564
surgery, 565

rheumatoid arthritis, 559, 560
spondyloarthritis, 560–562

Rheumatoid arthritis (RA), 559, 560
Rheumatoid factor (RF) denervation, 42
Rib fractures

clinical presentation, 158
diagnostic workup, 158
medical management, 159
overview, 158
physical examination, 158
procedures, 159
rehabilitation, 159
surgery, 159, 160

Roland-Morris Disability Questionnaire (RMDQ), 48
Roos test, 607, 608
Rotator cuff injury, 227
Rotator cuff tendinopathy

classification, 199
clinical presentation, 199
diagnostic work-up, 200
medical management, 200
physical exam, 199, 200
procedures, 201
rehabilitation, 201
surgery, 201

Runner’s knee, 423

S
Sacral/coccyx fractures

anatomy, 110
clinical presentation, 110, 111
diagnostic workup, 111, 112
medical management, 112
physical examination, 111
procedures, 112
rehabilitation, 112
surgery, 113

Sacroiliac joint (SIJ) syndrome, 86
anatomy, 39
definition, 39
diagnostic workup, 40, 41
etiology, 39, 40
medical management, 41
orthobiologics, 42
physical examination, 40
rehabilitation, 41
RF denervation, 42
steroid injections, 41
surgery, 42
symptoms, 40

Sacroiliitis, see Sacroiliac joint (SIJ) syndrome
Scalene anticus syndrome, 606
Scaphoid fractures, 352

anatomy, 340
blood supply, 340
clinical description, 340
clinical presentation, 341
diagnostic work-up, 341
differential diagnosis, 340, 341
physical examination, 341
treatment, 341, 342

Scaphoid shift test, 525
Scapholunate ligament (SLL) injury

anatomy, 302
clinical presentation, 302
diagnostic work-up, 302, 303
etiology, 302

Quadriceps and patellar tendon disorders (Cont.)
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medical management, 303
pathophysiology, 302
physical examination, 302
procedures, 303
rehabilitation, 303
surgery, 303

Scapular fracture, 225, 229
Scapulothoracic bursopathy, 211
Schatzker classification system, 455
Scheuermann’s disease, 91
Scoliosis

bracing, 97
clinical presentation, 95
diagnostic workup, 96, 97
medical management, 97
overview, 95, 96
physical examination, 96, 97
procedures, 98
rehabilitation, 97, 98
surgery, 98

Scour test, 361
Septal hematomas, 5
Shockwave therapy, 389, 423
Shoulder dislocation, 228–230

anatomy, 215
anterior, 216
Bankart lesion, 216
clinical presentation, 217
diagnostic work-up, 220–222
inferior, 216
physical examination, 217–220
posterior, 216
proximal humeral fractures, 217
stabilizers, 215, 216
treatment, 221–224

Shoulder disorders, 634
Shoulder fracture, 228–230

clavicle fractures, 216, 217
clinical presentation, 217
diagnostic work-up, 220–222
medical management, 224, 225
physical examination, 217–220
proximal humeral fractures, 217
rehabilitation, 224, 225
surgery, 224, 225

Shoulder impingement syndrome
clinical presentation, 203
definition, 203
diagnostic work-up, 204
medical management, 204
physical exam, 203, 204
procedures, 203, 204
rehabilitation, 204
surgery, 204, 205

Shoulder labral injury, 227
Shoulder labral tear (SLAP)

anatomy, 193
diagnostic work-up, 194, 195
mechanisms, 193
physical examination, 193, 194
symptoms, 193
treatment, 195

Shoulder osteoarthritis
acromioclavicular joint arthritis, 228
clinical description, 519
clinical presentation, 520

corticosteroid injection, 521
diagnostic workup, 520
glenohumeral arthritis, 228
medical management, 520
orthobiologics, 521
peripheral nerve stimulation, 521
physical examination, 520
rehabilitation programs, 520
surgery, 521
viscosupplementation, 521

Single-leg deadlift, 373
Single legged squat test, 425
Single leg stance test, 361, 386
Sinus tarsi syndrome (STS), 487, 488
Smith–Peterson type osteotomy (SPO), 146
Snapping scapula, 211, 212
Soft tissue technique, 632
Soft tissue trauma surgery, 513–515
Somatic dysfunction, 629, 630
Spinal cord stimulation (SCS), 30, 87
Spinal manipulative therapy (SMT), 29
Spinal stenosis

clinical presentation, 60, 61
diagnostic workup, 62, 63
epidural steroid injections, 64
etiology, 59, 60
medical management, 63
minimally invasive percutaneous procedures, 64, 65
overview, 59
pathology, 60
physical examination, 61, 62
rehabilitation, 63, 64
surgery, 65

Spine disorders, 635
SpineJack system, 553, 554
Spine Patient Outcomes Research Trial (SPORT), 65
Spondyloarthritis, 560–562
Spondylolisthesis

anatomy, 107
clinical presentation, 108
diagnostic workup, 108, 109
medical management, 109
overview, 107
physical examination, 108
procedures, 109
rehabilitation, 109
surgical management, 109, 110

Spondylolysis
anatomy, 107
clinical presentation, 107
diagnostic workup, 108, 109
medical management, 109
overview, 107
physical examination, 108
procedures, 109
rehabilitation, 109
surgical management, 109, 110

Sport Concussion Assessment Tool (SCAT), 12, 13
Spray and stretch technique, 22
Stem cell, 649, 664
Sternalis syndrome, 156
Sternoclavicular joint (SCJ), 151, 152
Steroid injection, 423
Stinchfield's test, 361
Straight leg raise (Lasegue sign), seated slump, 381
Strain/counterstrain technique, 631, 632
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Stress fractures and bone stress injuries (BSI)
anatomy, 393
clinical presentation, 394
diagnostic workup, 395
etiology, 394
physical examination, 394, 395
risk factors, 394
treatment, 395, 396

Stromal vascular fraction (SVF), 640, 668, 669
AD-tSVF, 669
cellular distribution, 669
production steps, 670

Subacromial bursitis
clinical presentation, 202
definition, 201, 202
diagnostic work-up, 202
medical/rehabilitation management, 202
physical exam, 202
procedures, 202
surgery, 202

Subaxial injury classification system (SLIC), 100
Superior peroneal retinaculum (SPR), 484
Supine plank test, 373
Supine plank with single leg raise, 373
Supraclavicular plexopathies, 600
Suprascapular nerve entrapment, 576–578

clinical presentation, 205
definition, 205
diagnostic work-up, 206
medical management, 206
physical exam, 205
procedures, 206
rehabilitation, 206
surgery, 206

Surface‐expressed pattern recognition receptors, 660
Surgical deformity correction, 144–146
Swan neck deformity

anatomy, 323
clinical presentation, 324
conservative management, 326
diagnostic work up, 325
physical examination, 325
procedures, 326
rehabilitation management, 326
surgery, 326

Symptomatic osteoporosis, 548

T
Talar fracture, 501, 502, 510
Tarsal tunnel syndrome (TTS), 580, 581

anatomy, 495
definition, 495
diagnosis, 496, 497
etiology/pathophysiology, 495, 496
examination, 496
lateral plantar nerve, 496
medial plantar nerve, 496
Tinel sign, 496
treatment, 497
triple compression test, 496

Tendinopathy
anatomy, 646
clinical description, 645, 646
clinical presentation, 646, 647

diagnostic workup, 647
medical management, 647
physical examination, 647
procedures, 649
rehabilitation, 648, 649
risk factors, 646
surgical intervention, 649
tendon damage, 646

Thermal modalities, 648
Thermal radiofrequency ablation, 587
Thessaly test, 416
Third occipital nerve (TON), 51
Thomas test, 369
Thoracic facet syndrome

anatomy, 33, 34
clinical presentation, 34
diagnostic workup, 35
differential diagnosis, 34
overview, 33
physical examination, 34, 35
treatment

intra-articular biologics, 36
intra-articular steroid injection, 36, 37
medical management, 35
prolotherapy, 37
rehabilitation, 35
RFA, 36, 37
surgical management, 37

Thoracic outlet syndrome (TOS)
clinical presentation, 606
costoclavicular space, 606
diagnostic work up, 607, 609
differential diagnosis, 606
interscale triangle, 606
physical examination, 606–608
retropectoralis minor space, 606
treatment, 609, 610

Thoracic radiculopathy
anatomy, 73, 74
clinical presentation, 74
diagnostic workup, 74
medical management, 74
physical examination, 74
procedures, 74
rehabilitation, 74
surgery, 75

Thoracic spinal stenosis, 63
Thoracolumbar (TL) spine fractures

anatomy, 104
clinical presentation, 104, 105
diagnostic workup, 105, 106
medical management, 106
overview, 104
physical examination, 104, 105
procedures, 107
rehabilitation, 106
surgery, 107

Thrust technique, see High velocity/low amplitude (HVLA)
Thumb carpometacarpal osteoarthritis

anatomy, 298, 299
clinical presentation, 299
diagnostic work-up, 299
etiology, 298
medical management, 299
pathophysiology, 298
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physical examination, 299
procedures, 300
rehabilitation, 300
surgery, 300

Thumb grind test, 526
Thumb metacarpophalangeal (basal joint) arthritis, 354
Thumb sprain (Skier’s Thumb), 304, 305, 330, 331
Thumb ulnar collateral ligament (UCL) injuries, 352
Tibialis anterior passive stretch test, 468
Tibialis anterior tendinopathy

anatomy and function, 467
clinical description, 467
clinical presentation, 467
diagnosis, 468
differential diagnosis, 467
tibialis anterior passive stretch test, 468
treatment, 468

Tibial plateau fracture
anatomy, 454
clinical presentation, 454
diagnosis, 454, 455
medical management, 455
physical examination, 454
rehabilitation, 455, 456
surgical intervention, 456

Tibiofemoral dislocation
anatomy, 451
clinical presentation, 452
diagnosis, 453
physical examination, 452
treatment, 453

Tietze's syndrome, 156
Tinel’s test, 569
Tinel's sign, 525
T killer cells, see Cytotoxic T cells
Toe dislocation, 507
Toe fractures, 506
Tooth avulsion, 9
Total hip arthroplasty (THA), 404, 532
Total shoulder arthroplasty (TSA), 228
Transcutaneous electrical nerve stimulation (TENS), 623
Transforaminal lumbar interbody fusion (TLIF), 139,  

141, 142
Transpedicular vertebroplasty, 550
Trapeziometarcarpal articulation, 524
Traumatic hip fracture

anatomy, 396, 397
clinical presentation, 397
diagnostic workup, 398
physical examination, 397
treatment, 398

Triangular fibrocartilage complex (TFCC), 351, 352
anatomy, 281, 282, 307, 308
clinical presentation, 282, 307
diagnostic work-up, 282, 283, 309, 310
differential diagnosis, 308
medical management, 283, 310
Palmer classification, 308
physical examination, 282, 307, 309
procedures, 284, 311
rehabilitation, 283, 310–312
surgery, 284, 311

Triceps tendinopathy, 244–246
Trigger finger (TF), 331–333, 352
Trigger point injection (TPI), 23, 56
Trimalleolar ankle fracture, 500
Triple compression test, 496

Trochanteric bursopathy, 384
Two-spin centrifugation procedure, 653

U
Ulnar collateral ligament (UCL) injury, 320, 321, 330

clinical presentation, 258
diagnostic work-up, 258, 259
differential diagnosis, 258
medical management, 259
overview, 257
physical examination, 258
procedures, 259, 260
rehabilitation, 259
surgery, 260

Ulnar collateral ligament testing, 526
Ulnar impaction syndrome

anatomy, 312
clinical presentation, 313
diagnostic work-up, 313
differential diagnosis, 313
physical examination, 313
treatment, 313

Ulnar-sided wrist disorders
ECU tendinopathy (see Extensor carpi ulnaris (ECU) 

tendinopathy)
TFCC (see Triangular fibrocartilage complex)
UCL, 320, 321
ulnar impaction syndrome

anatomy, 312
clinical presentation, 313
diagnostic work-up, 313
differential diagnosis, 313
physical examination, 313
treatment, 313

ulnar tunnel syndrome
clinical presentation, 317
diagnostic work-up, 319
differential diagnosis, 317
etiology, 316
medical management, 319
physical examination, 317–319
procedures, 319
rehabilitation, 319
surgery, 319
zones, 317

Ulnar styloid fractures
anatomy, 338
clinical presentation, 338
diagnostic workup, 339
differential diagnosis, 338
physical examination, 338, 339
treatment, 340

Ulnar tunnel syndrome
clinical presentation, 317
diagnostic work-up, 319
differential diagnosis, 317
etiology, 316
medical management, 319
physical examination, 317–319
procedures, 319
rehabilitation, 319
surgery, 319
zones, 317

Ultrasound-guided corticosteroid injection, 381
Ultrasound-guided percutaneous tenotomy, 389
Upper Limb Tension Test (ULTT), 607
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V
Valleix's phenomenon, 496
Varus stress test, 432
Venous TOS (vTOS), 606
Vertebral augmentation, 126

balloon kyphoplasty, 550, 552, 553
contraindications, 549
implantable devices, 553
indications, 549
outcomes, 550
radiofrequency kyphoplasty, 551, 553
vertebroplasty, 550, 551

Vertebral column resection (VCR), 146
Vertebral endplate (VEP), 45
Vertebrogenic pain

anatomy, 45, 46
clinical presentation, 46
diagnostic workup, 46, 47
physical examination, 46
treatment, 47–49

Vertebroplasty, 550, 551
Vertiflex® procedure (Interspinous spacer)

indication and contraindications, 120
overview, 120
recovery and rehabilitation, 122
surgical technique, 120–122

Vestibular rehabilitation, 15

W
Watson test/scaphoid shift test, 526
Whiplash-associated disorder (WAD)

anatomy, 51, 52
clinical presentation, 53, 54
diagnostic workup, 54
medical management, 54
physical examination, 54
procedures, 56
rehabilitation, 55
surgery, 56

Wiltse approach, 130–131
Winged scapula

clinical presentation, 209
definition, 208, 209
diagnostic work-up, 210
medical management, 210
physical exam, 209, 210
procedures, 210
rehabilitation, 210

surgery, 210, 211
Wright hyperabduction test, 607
Wright test, 608
Wrist and hand disorders, 634
Wrist and hand osteoarthritis (OA)

carpometacarpal compression test, 526
clinical description, 524
clinical presentation, 524
diagnostic workup, 526
distal radial ulnar joint instability, 525
Finkelstein test, 525
inspection, 525
interphalangeal joint, 354
metacarpophalangeal joint arthritis, 355
neurological examination, 525
palpation, 525
Phalen test, 525
range of motion, 525
rehabilitation, 354
scaphoid shift test, 525
surgical management, 354
thumb grind test, 526
thumb metacarpophalangeal (basal joint) arthritis, 354
Tinel's sign, 525
treatment, 527, 528
ulnar collateral ligament testing, 526
Watson test/scaphoid shift test, 526

Wrist and hand surgeries
fractures and dislocation

closed reduction and percutaneous pinning, 353
distal radius fractures, 353
mallet finger, 353
PLD/PLED, 353
scaphoid fractures, 352

tendons and ligament
carpel tunnel syndrome, 351
DeQuervain syndrome, 352
intersection syndrome, 351
triangular fibrocartilage tears, 351, 352
trigger finger, 352
UCL injuries, 352

X
Xiphodynia, 156

Z
Zygomaticomaxillary complex fractures (ZMC), 7
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