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Preface

Why

When most people ask me the most common injury I see in clinic, the answer is
almost always knee injuries. I am often asked to help evaluate the injured knee of a
child or adolescent for a colleague in clinic. When the publisher asked if I would be
interested in writing a proposal for a book, I thought this was a great opportunity to
provide additional and useful information to my colleagues. We both agreed that
pediatricians would appreciate a practical and quick guide on managing pediatric
knee injuries and sought to create one.

What Is It About and How It Is Structured

This book is designed as a practical and quick reference guide on the evaluation and
management of common pediatric knee injuries. It would be most useful for those
who provide clinical care to children and adolescents, including pediatricians, fam-
ily practitioners, pediatric nurse practitioners, sports medicine physicians, and train-
ees in these fields. It focuses on the important findings during the evaluation and on
appropriate considerations for the management of common knee injuries.

For our readers, we have arranged the book in three general parts, as follows:
General Knee Evaluation and Management Strategies, Discussion of Specific Knee
Injuries (with important pointers and a chapter summary and table), and Injury
Prevention Strategies.

We hope our readers find this book concise and practical, an easy reference for
common and concerning pediatric knee issues. It contains cases to aid understand-
ing as well as helpful pearls and pitfalls along with a chapter summary for a quick
glance for each condition.



vi Preface
How to Use This Book

Readers can use this book as a study guide or as a quick reference for a specific
concern. It can be used with teaching and learning groups, for which the chapter
summaries, tables, and cases may be particularly helpful.

Send Off

As one who found show and tell in kindergarten to be an excellent way of sharing
my understanding and passion with others, I hope our readers enjoy and learn from
this book and are able to use it to help with their teaching of trainees and their care
of patients and families.

Washington, DC, USA Nailah Coleman



Contents

1  General Mechanisms of Injury and Associated Problems . ........ 1
Mary Solomon, Susannah Briskin, and Ingrid K. Ichesco

2 HiStOTY . . ..o 7
Jeffrey M. Mjaanes

3 0 EXAIML ... 13
Jeffrey M. Mjaanes

4  Testing—WhattoDoand When .............................. 25

Ingrid K. Ichesco, Mary Solomon, Susannah Briskin, and Jessica
R. Leschied

5  General Management of Pediatric Knee Injuries ................ 37
Marshall J. Crowther and Calvin J. Duffaut

6  Patellar Subluxation and Dislocation . . ... ..................... 43
Shelley Street Callender

7 Patellar Contusion ........... ... ... ... ... ... . .. 51
Clinton J. Ulmer and Nathaniel S. Nye

8 Sinding-Larsen-Johansson Syndrome. ......................... 63
Anastasia N. Fischer

9 Patellar Sleeve Fracture . . ................. ... ... ... ........ 69
Steven Cuff

10 Patellofemoral Pain Syndrome ............................... 75

Peter Gerbino

11 Osgood Schlatter’s Disease. .. ................. ... ... ........ 87
Matthew Sedgley

12 Anterior Cruciate Ligament Injury ........................... 95
Shelley Street Callender

vii



viii

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Contents
Patellar Tendon Injury.......... ... ... ... ... ... .. ... ..... 103
Kiyoshi Yamazaki
Quadriceps Tendon Injury. . .......... ... ... ... ... ... ..... 111
Kelly Davis and Katherine Rizzone
Infrapatellar (Hoffa’s) Fat Pad Conditions ..................... 125
Valerie E. Cothran and Svetlana Dani
Posterior Cruciate Ligament Injury . ....................... ... 133

Stephanie Lamb, Steven Koch, and Nathaniel S. Nye

Popliteus Injury. . ....... ... . . . 143
Valerie E. Cothran
HamstringInjury ....... ... ... ... . . . . 157

Jonathan Napolitano and Atul Gupta

Gastrocnemius Injury. . ......... ... ... ... 171
Lindsay W. Jones

Posterolateral Corner Injury................................. 177
Jeffrey M. Mjaanes

Popliteal Cyst. . . ... ... .. . 191
Joseph M. Powers and Tracy Ray

Medial Collateral Ligament Injury. . .......................... 197
Reno Ravindran

Pes Anserine Pain Syndrome . . . ......... ... ... ... ... .. ..... 207

Larry M. Cowles and Anthony I. Beutler

Fibular Injury (Proximal) ........ .. .. ... ... ... ... .. .. .... 217
Nathaniel S. Nye, Korey Kasper, and Jacquelyn Hale

Lateral Collateral Ligament Injury ........................... 225
Rajat K. Jain

Hiotibial Band Syndrome . .. .......... ... ... ... ... ......... 233
Chelsea Backer and Matthew Sedgley

Femoral Injury (Distal) .............. ... ... ... ... ... ..... 241
Thomas L. Pommering

Tibial Injury (Proximal). . ........ ... .. ... .. ... .. .. .... 249

Jessica Heyer and L. Kaleb Friend

Meniscus Injury ........ ... . . . 265
Miranda Gordon-Zigel and Valerie E. Cothran



Contents ix

30

31

32

Osteochondritis Dissecans of the Knee (Femoral Condyle and
Patella) . . ... ... . 275
Kayla E. Daniel and Anastasia N. Fischer

Pediatric Athlete Development and Appropriate Sports Training ... 283
Nailah Coleman

Community Outreach — Education . ........................... 291
Kyle Yost



Contributors

Chelsea Backer Family Health Center, MedStar Franklin Square Medical Center,
Rosedale, MD, USA

Anthony I. Beutler Department of Family Medicine, Uniformed Services
University, Bethesda, MD, USA

Susannah Briskin Rainbow Babies and Children’s Hospital, Solon, OH, USA

Shelley Street Callender Department of Pediatrics, Navicent Health System,
Mercer University School of Medicine, Macon, GA, USA

Nailah Coleman The Goldberg Center for Community Pediatric Health, Children’s
National Hospital, Washington, DC, USA

Valerie E. Cothran Primary Care Sports Medicine, University of Maryland,
Department of Family and Community Medicine, Baltimore, MD, USA

Larry M. Cowles Department of Family Medicine, Uniformed Services University,
Bethesda, MD, USA

Marshall J. Crowther Department of Athletics Health & Sports Performance,
University of Mississippi Student Health Services, University, MS, USA

Steven Cuff Department of Pediatric Sports Medicine, Nationwide Children’s
Hospital; The Ohio State University College of Medicine, Westerville, OH, USA

Svetlana Dani University of Maryland, College Park, MD, USA

Kayla E. Daniel Division of Sports Medicine, Nationwide Children’s Hospital,
Dublin, OH, USA

Kelly Davis Children’s Hospital of Orange County, Orange, CA, USA

Calvin J. Duffaut Family Medicine & Orthopaedics, Division of Sports Medicine,
UCLA, Santa Monica, CA, USA

xi



Xii Contributors

Anastasia N. Fischer Division of Sports Medicine, Nationwide Children’s
Hospital, Dublin, OH, USA

Department of Pediatrics, The Ohio State University College of Medicine,
Columbus, OH, USA

L. Kaleb Friend Orthopedic Surgery and Sports Medicine, Children’s National
Hospital, George Washington University, Washington, DC, USA

Peter Gerbino Community Hospital ofthe Monterey, Peninsula, Monterey, CA,USA

Miranda Gordon-Zigel University of Maryland, Department of Family and
Community Medicine, Baltimore, MD, USA

Atul Gupta Department of Physical Medicine and Rehabilitation, Virginia Mason
Medical Center, Seattle, WA, USA

Jacquelyn Hale Sports Medicine Clinic, 559th Medical Group, JBSA-
Lackland, TX, USA

Jessica Heyer Orthopedic Surgery, George Washington University Hospital,
Washington, DC, USA

Ingrid K. Ichesco Pediatrics, Sports Medicine, University of Michigan, Ann
Arbor, MI, USA

Rajat K. Jain Northwestern University Health Service, Evanston, IL, USA

Lindsay W. Jones Orthopaedics, MedStar Union Memorial Hospital, Ellicott
City, MD, USA

Korey Kasper Sports Medicine Clinic, 559th Medical Group, JBSA-
Lackland, TX, USA

Steven Koch Sports Medicine Clinic, 559th Medical Group, JBSA-
Lackland, TX, USA

Stephanie Lamb Sports Medicine Clinic, 559th Medical Group, JBSA-
Lackland, TX, USA

Jessica R. Leschied Henry Ford Health System, Detroit, MI, USA
Jeffrey M. Mjaanes Northwestern University, Evanston, IL, USA

Jonathan Napolitano Sports Medicine, Nationwide Children’s Hospital,
Westerville, OH, USA

Nathaniel S. Nye Sports Medicine Clinic, Fort Belvoir Community Hospital, Ft.
Belvoir, VA, USA

Fort Belvoir Community Hospital, Ft. Belvoir, VA, USA



Contributors Xiii

Thomas L. Pommering Departments of Pediatrics and Family Medicine,
Nationwide Children’s Hospital, The Ohio State University College of Medicine,
Columbus, OH, USA

Joseph M. Powers Sports Medicine, Northside Hospital, Orthopedic Institute,
Atlanta, GA, USA

Reno Ravindran Sports Medicine, Nationwide Children’s Hospital and The Ohio
State University College of Medicine, Dublin, OH, USA

Tracy Ray Sports Medicine, Piedmont Healthcare, Watkinsville, GA, USA

Katherine Rizzone Orthopaedics and Pediatrics, University of Rochester,
Rochester, NY, USA

Matthew Sedgley MedStar Union Memorial Hospital, Westminster, MD, USA
Mary Solomon Rainbow Babies and Children’s Hospital, Solon, OH, USA

Clinton J. Ulmer University of Texas Health Science Center at San Antonio,
San Antonio, TX, USA

Kiyoshi Yamazaki Non-Operative Sports Medicine Physician, HealthFit Clinic,
Centura Castle Rock Adventist Hospital, Castle Rock, CO, USA

Kyle Yost Department of Family and Community Medicine, University of
Maryland, Baltimore, MD, USA



®

Check for
updates

Chapter 1
General Mechanisms of Injury
and Associated Problems

Mary Solomon, Susannah Briskin, and Ingrid K. Ichesco

Introduction

The knee joint is commonly injured or becomes painful in the growing child. As
younger patients participate in longer and more intense levels of athletic training
and competition, the incidence of acute and chronic knee pain increases. Children
undergo significant growth at the knee as they progress through childhood and into
adolescence. Children experience different injury patterns, specific to the stages of
bony development, which are different from those of an adult. Common acute and
chronic injury patterns include the following: sprains; strains; contusions; fractures;
and tension, shear, and compression injuries. This chapter describes common knee
injury patterns, specific to the child and adolescent.

Acute Injuries

It is important to recognize common signs and symptoms associated with acute
knee injuries. Unfortunately, severe pain and the presence of soft-tissue swelling or
a joint effusion may limit physical exam tests, such as range of motion or ligament
stability testing. Functional testing may also be limited, due to pain with weight-
bearing or restrictions in motion. The patient’s emotional development or increased
stress level, due to injury, may also inhibit a thorough examination. Obtaining an
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accurate history may serve as the main clue to the underlying diagnosis, particularly
if a clear mechanism of injury can be identified. Common acute knee injuries
include sprains, strains, contusions, and fractures.

Sprain

Ligament injuries, known as sprains, most commonly occur with a rapid change in
velocity. The pediatric knee may sustain an abrupt stop when running or a quick
shift in direction that results in a ligament sprain. All sprains, regardless of the joint,
are graded in the following manner: grade 1—stretch, 2—partial tear, and 3—com-
plete tear. Because ligaments in children are functionally stronger than their bones,
the pediatric athlete is more likely to sustain a fracture rather than a sprain. Sprains
may occur with either contact (i.e. valgus stress to the knee) or non-contact mecha-
nisms (i.e. ankle inversion). When a sprain does occur, an acute pop may be felt or
heard by the patient. Subsequent swelling is usually rapid for ligament tears within
the joint, such as the cruciate ligaments; however, sprains of ligaments outside the
joint, such as the medial collateral ligament, may not cause swelling at all. The
patient will usually report being unable to continue the same level of activity after
suffering a sprain. The pain or sense of instability is often severe enough to sideline
the individual until he/she seeks medical evaluation.

Strain

A strain is a stretch injury of the muscle or tendon. A strain typically occurs because
the muscle has been stretched beyond its limits or the muscle has contracted with
too much force. Eccentric contraction injury occurs during the phase of muscle
lengthening. A concentric contraction injury, in contrast, occurs as the muscle short-
ens. As muscles generate greater forces during eccentric contraction, that is when
the muscles are more commonly injured. The linebacker who rapidly stops at the
line of scrimmage may sustain an eccentric quadriceps muscle strain. Muscle
strains, diagnosed clinically with pain in the muscle, present with graded severity,
as well. The hamstring is the most common muscle strain of the lower extremity [1].
A grade 1 strain is a minor tear of the muscle and results from injury or stretch to a
small amount of muscle fibers within the muscle. Grade 1 strains present with mild
pain, mild loss of strength, and no palpable defect on exam. A grade 2 strain involves
severe damage to the muscle, due to overstretching and tearing of many of the mus-
cle fibers. Moderate pain results from bleeding into the muscle and surrounding
structures. Obvious loss of strength and a palpable defect are identified on exam
with grade 2 muscle strains. Grade 3 muscle strains are due to tear of most of the
muscle fibers or complete rupture of the muscle. Grade 3 strains cause severe pain,
complete loss of strength, and a palpable muscle defect [2].
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Injury to a tendon can be the result of either acute trauma or chronic overuse.
Acute tendon injury, also classified as a strain, is the result of a sudden stress on a
muscle group, due to an intense contraction. A chronic tendon injury is classified as
tendinosis and is due to repetitive use of the same muscle—tendon group.

Although acute muscle and tendon injuries occur in the pediatric athlete, these
injuries are less common in youth than in adults. The myotendinous junction, where
the muscle connects to the tendon, is a common site of weakness in the skeletally
mature individual and, hence, more susceptible to injury. In contrast, youth experi-
ence a relative weakness of the growing portion of the bone, where the tendon
attaches (aka at the apophysis). Although technically considered a growth plate, the
apophysis gives the bone contour and does not contribute to vertical growth; it is
simply a tendon attachment spot. Age and skeletal maturity influence the site of
injury, with skeletally mature patients experiencing tendon ruptures more com-
monly than those who have not completed ossification [3]. Active bone growth pre-
cedes muscle and tendon lengthening (in accommodation); therefore, the
myotendinous unit is stretched in response to accelerated bone growth. This relative
limitation in muscle and tendon flexibility predisposes the developing athlete to
injury of the apophysis, and less commonly, of the attached muscle or tendon [4].

Contusion

A muscle contusion results from direct trauma to the muscle. The quadriceps mus-
cle is the muscle around the knee joint at greatest risk for contusions. Injury occurs
from a blunt force to the muscle, such as a helmet-to-thigh tackle in football. Pain
and subsequent swelling and bruising develop with a significant contusion. The
patient may have pain and limited knee motion, when the muscle flexibility is tested
during the physical exam. An area of hemorrhage may look enlarged and/or feel soft
and compressible. It may be palpable within the muscle, if significant direct trauma
occurred. Myositis ossificans is a delayed finding that may develop at the site of a
hemorrhage muscle injury that ossified [1]. Ongoing monitoring for this complica-
tion is imperative, particularly when a large hematoma forms within a muscle.

Fracture

Physeal injuries are common fracture patterns in children, because the physis (i.e.
growth plate) is relatively weak prior to ossification. The classification system of
Salter and Harris is used to describe fractures associated with the physis. The distal
femur is the most common site at the knee to suffer a Salter—Harris fracture.
Thankfully, fractures at the knee joint are rare in children. When they do occur,
patients typically present with the acute onset of pain and swelling. Patients may be
unable to bear weight, and pain will localize to the distal femur in most cases.
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Avulsion fractures, also common during pediatric knee development, occur
when a contracting tendon pulls off a piece of bone and/or cartilage at the apophy-
sis. Avulsion fractures may result from extreme stress, such as from a sudden or
powerful muscle contraction [3]. An avulsion fracture may occur at the inferior pole
of the patella or at the tibial tubercle. The pathology of specific avulsion fractures is
further discussed in a dedicated chapter of this book. Avulsion injuries and tension
injuries can oftentimes be distinguished from normal variation, based on the clinical
presentation and the presence of fragmentation on radiographs [3]. Comparison
films with the unaffected side and advanced imaging, such as MRI, are sometimes
needed to determine if such a fracture has occurred.

Chronic Injuries

It is equally important to recognize common patterns of chronic knee injury, as
these injuries may be frequently unsuspected. Escalated intensity, frequency, and
duration of sports training, combined with a younger age of sports specialization,
have resulted in an increased incidence of overuse injuries in children. Overuse
injuries occur when repetitive microtrauma to tissue overwhelms the body’s innate
ability for self-repair. When forces are too great in strength, frequency, and/or dura-
tion, then a chronic injury may develop. These injuries typically present initially as
inflammatory processes of the bone, cartilage, and/or muscle—tendon or tendon—
bone junctions. The pediatric musculoskeletal system is particularly susceptible to
overuse injuries, and the epiphyseal cartilage is often the most susceptible. Vascular,
grossly traumatic, and microtraumatic factors also contribute to the evolution of an
overuse injury [5]. Examples include a sudden onset of Osgood—Schlatter, when a
direct blow to the tibial tubercle occurs through a fall or a knee-to-knee contact
injury. Microtrauma can also occur to the tibial tubercle through the repetitive pull-
ing stress the patellar tendon causes with repetitive running and/or jumping. Most
overuse injuries involve the lower extremity, especially the knee. Common types of
chronic injury result from tension/traction, shear, or compression forces.

Tension/Traction

Tension injuries result from a muscle repeatedly exerting force across the associated
tendon, where it inserts at the apophysis or bone. Tension/traction injuries of the
apophysis will typically present during periods of maturation of cartilage cells
within the apophysis and are, thus, unique to the growing skeleton. During the
growth of the knee, the tendon remains relatively short, in comparison to the long
bones of the knee (femur and tibia). Decreased flexibility increases traction at the
apophyseal insertion of the tendon and may also contribute to apophyseal injury, as
noted above [4]. The growing cartilage of the apophysis is considerably weaker,
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relative to the tendon, and, when it is repeatedly subject to a pulling force, traction
apophysitis can occur, resulting in microavulsions and potential inflammation [5].
The accumulation of microavulsions along the apophyseal physis occurs in the set-
ting of failure to repair damage from chronic stresses [1].

A thorough musculoskeletal exam can identify the inappropriate biomechanical
forces causing stress at the associated apophysis. The exam should focus on evaluat-
ing flexibility, strength imbalances, proximal core and hip strength, and functional
ability. Tension/traction injuries of the knee result in painful motion and function;
weakness of the muscle group, due to pain with contraction; swelling at the apophy-
sis; and occasional limping. Common knee joint traction injuries, such as Osgood—
Schlatter’s and Sinding—Larsen—Johansson diseases, are further discussed in their
respective chapters in this book.

Distinguishing repetitive chronic avulsion injury and tension injury can be chal-
lenging. Obtaining a historical description of pain quality and onset, determining
the exacerbating and remitting factors, and assessing recent changes in growth
velocity and/or participation volume may help guide the physician. Symptoms, such
as loss of range of motion or swelling at the site of injury, may require further imag-
ing to assist in making the correct diagnosis and to guide appropriate management.

Shear

Chronic injury caused by shearing forces (forces moving in opposite directions)
across the knee is also more common with the growing participation in competitive
sports among youth [1]. Articular cartilage coats the weight-bearing surfaces of
bone, and the underlying bone is called the subchondral bone. Although somewhat
controversial, repeated shear forces delivered across the subchondral bone and the
articular cartilage may lead to a stress reaction or microtrauma [1]. Stress reaction
and stress fracture within the subchondral bone then develop in the setting of isch-
emia, due to loss or lack of vascularization. Osteochondritis dissecans (aka osteo-
chondral defect, OCD) results from the delamination, or separation of the articular
cartilage from the underlying bone, and fragmentation of the subchondral bone at
the articular surface [1]. The medial condyle of the femur is a common site in the
children, adolescents, and young adults. A more in-depth discussion of OCD is
found within a dedicated chapter of this book.

Compression

Stress fractures are overuse injuries that occur from repetitive compression or ten-
sile stress on the bone [4]. Stress fractures are distinctive from acute fractures that
result from a single traumatic event. Stress fractures occur, when extrinsic forces are
applied at a rate greater than the bone is able to adapt. When activity and stress on
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the bone increase, the rate of osteoclastic resorption can exceed that of osteoblastic
remodeling. The process of increased activity overwhelms the body, and a “stress
response” or “stress fracture” results, leading to the insidious onset of localized,
low-grade pain.

Stress fractures around the knee joint are uncommon; however, the distal femur
and proximal tibia are at risk. Stress fracture pain worsens with impact activity and
can cause significant pain with weight bearing. Rarely does swelling occur. A his-
tory of localized pain in a weight-bearing bone that worsens with activity, exercise,
or training and then progresses to focal pain at rest is suggestive of a stress fracture.
Obtaining x-rays and/or an MRI may assist in making the proper diagnosis.

Chapter Summary

Acute injuries, such as sprains, strains, and contusions, are common in young active
people. The lower extremity is especially prone to overuse injuries that can lead to
more chronic pain. Analyzing and correcting training techniques, level of competi-
tion, lifestyle habits, and sports equipment and avoiding early specialization in sport
may prevent a variety of injuries. Children who train for competition should be
encouraged to acknowledge and treat pain rather than ignore and push through
injuries.

Many injury patterns are specific to the unique anatomy and physiology of the
developing musculoskeletal system. Common knee injuries sustained by young ath-
letes are influenced by the biomechanical forces of the supporting ligaments and
bones of the pediatric knee joint. Forces acting on the relatively weak physes and
apophyses of the knee result in patterns of bone and soft-tissue injuries. Knowledge
of the developing anatomy and its normal anatomical and physiologic variants is
essential to perform a proper evaluation, make an accurate diagnosis, and formulate
an appropriate management plan for common acute and chronic injury patterns.
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Chapter 2
History

Jeffrey M. Mjaanes

Introduction

Knee pain is a common reason for seeking medical attention, and in children and
adolescents, joint pain is commonly caused by either acute or chronic injury.
Between 1999 and 2008, 6.6 million youth with knee injuries presented to emer-
gency rooms in the United States, and the two age groups with the highest incidence
rates were older adolescents aged 15-24 and children aged 5-14 [1]. Knee injuries
in children and adolescents may result from chronic, repetitive overuse or may be
caused by an acute, often traumatic mechanism; occasionally, injuries may also
result from a combination of acute and chronic factors. Historical details, such as
the onset and nature of the pain, presence of associated symptoms, as well as ele-
ments from the past medical, family, and sport histories, can help illuminate the
cause of knee pain.

Description of Pain

Obtaining a comprehensive history of the knee pain is essential in focusing the dif-
ferential diagnosis. Important characteristics of the pain include timing (onset and
duration), location, nature, and severity of the pain, as well as the mechanism of
injury. In terms of timing, onset of knee pain can be either acute or insidious.
Traumatic injuries tend to be acute in onset, while overuse injuries tend to be insidi-
ous, occurring gradually over time. The clinician should attempt to quantify the
duration of pain or, if intermittent, how long the episodes last (Table 2.1).
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Table 2.1 Key elements of the medical history of knee pain

History elements Characteristic Examples
Pain description Timing: Acute, insidious
Onset
Duration
Location Anterior, posterior, medial, lateral, etc.
Quality Sharp, dull, achy, burning, etc.
Severity Mild, moderate, severe

VAS 0-10

Aggravating/mitigating
factors

Activity, rest, etc.

Attempted initial treatments

Ice, medications, rehabilitation, etc.

Associated Swelling/effusion Acute, large amount
symptoms Gradual onset
Mechanical symptoms Popping/crepitus
Locking
Instability

Other Erythema, warmth, nocturnal pain, etc.

Past medical history Prior knee pain

Prior knee surgery

Hip issues

Family history Autoimmune, musculoskeletal
conditions

Social/ sport history Sport, position

Amount/intensity of participation

The exact location, or lack thereof, of the pain can be helpful in making the diag-
nosis. One should inquire whether the pain is anterior, posterior, medial, or lateral.
Common etiologies of anterior knee pain include patellofemoral pain syndrome,
patellar instability (subluxation, dislocation), Osgood—Schlatter or Sinding—Larsen—
Johansson apophysitis, pre-patellar bursitis, and patellar tendinitis. Patellofemoral
pain is often vague, poorly localized anterior knee pain, while Osgood—Schlatter,
for example, localizes directly to the tibial tuberosity. Relatively common causes of
posterior knee pain include muscle tendon injuries to the popliteus, hamstring, or
calf muscles; ligamentous injuries to the posterior cruciate ligament (PCL); and
meniscal injury [2]. Less common causes of posterior knee pain include popliteal
cysts, nerve or artery entrapment, and multi-structural entities, such as posterolat-
eral corner injuries. Medial and lateral knee pain can be commonly caused by injury
to the medial collateral ligament (MCL) or lateral collateral ligament (LCL), respec-
tively, or meniscal pathology. Distal iliotibial band pain also commonly localizes to
the lateral knee. Fractures, growth plate (physeal) injuries, and soft-tissue contu-
sions often occur just above or just below the knee joint itself.

Clinicians should inquire as to the quality and severity of the pain. Common
descriptors of pain include sharp, dull, achy, throbbing, and burning. Rating severity
can be as simple as mild, moderate, or severe, or more commonly a pain scale, such
as the visual analog scale (VAS), may be employed. If the pain was acute and



2 History 9

activity-related, the clinician should ask whether the patient was able to bear weight
and/or continue participating afterward or if the athlete was forced to stop the activ-
ity. Inability to bear weight or continue the activity should raise suspicion for a
significant injury, such as a ligament rupture, growth plate or bone fracture, or
unstable meniscal tear. Clinicians should also ask about factors that worsen or miti-
gate the pain, as well as any attempted treatments or therapies and their
effectiveness.

In acute injuries, eliciting the precise mechanism of injury, if possible, is often
invaluable in the diagnostic process. In addition to patient or witness description of
the injury mechanism, video evidence, if available, can prove to be quite useful, as
well. Many ligament injuries occur as a result of direct trauma to the knee, when the
ipsilateral foot is planted. A direct blow to the lateral leg produces valgus stress and
often results in an MCL sprain, while a direct blow to the medial knee conversely
results in an injury to the LCL [3]. PCL injuries are classically caused by a posteri-
orly directed force to the proximal tibia, the so-called “dashboard injury,” due to the
relatively high incidence seen in front seat passengers involved in motor vehicle
accidents. Direct blows to the posterolateral or posteromedial knee in high-velocity
sports, such as in football or rugby, can result in injuries to multiple structures, such
as posterolateral corner injuries or the “unhappy triad” of MCL, ACL, and menis-
cal injury.

Acute injuries may also occur without direct trauma to the knee. Noncontact
mechanisms can be important contributors to ligament and meniscal injuries.
Sudden stops or changes in direction lead to deceleration moments and, when com-
bined with valgus loading, may result in anterior cruciate ligament tears, especially
in female athletes and skeletally immature children. Twisting or pivoting on a fixed
foot can also result in meniscal injuries. In addition to the “dashboard mechanism,”
PCL ruptures can also occur from hyperextension of the knee. Acute hyperexten-
sion can also produce ACL injuries, anterior tibial plateau contusions or fractures,
and impingement of the anterior infra-patellar fat pad.

The lack of any trauma or obvious mechanism of injury in an acutely painful
knee may also be a reason for concern. Consideration should be given to other
potential etiologies, such as infection or autoimmune conditions. As biomechanics
change with age and skeletal maturity, occasionally undiscovered structural issues,
such as a discoid meniscus, may result in an acutely painful knee. Finally, prior
injuries, such as a small meniscal tear or chondromalacia, may result in an acute-on-
chronic picture as exacerbations of pain and swelling may occur secondary to use.

Associated Symptoms

The presence of other symptoms in the knee joint, as well as more systemic symp-
toms, may help to narrow the differential diagnosis further. Important consider-
ations for the knee include the presence or absence of swelling and mechanical
symptoms.
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Both the timing and quantity of joint swelling provide important clues. Rapid
onset of a moderate-to-large amount of fluid within 1-2 hours after an incident often
signifies the presence of blood in the joint (hemarthrosis). Hemorrhage into the joint
typically occurs in conjunction with a significant injury to bone (contusion or frac-
ture) and/or disruption of a major ligament, such as the ACL or patellofemoral liga-
ment (i.e. a patellar dislocation). Slower onset, over the course of 24—48 hours, of a
small-to-moderate amount of fluid is more consistent with a meniscal or cartilage
injury or a less severe ligament sprain. With recurrent effusions, clinicians may
consider meniscal, chondral, or autoimmune etiologies.

Medical providers should inquire about the presence of mechanical symptoms,
such as popping, locking, or instability. Patients often complain about painless pop-
ping or cracking in joints, including the knee. Fortunately, most intra-articular crep-
itus is benign and does not indicate major structural pathology; however, popping
that is painful or is accompanied by an effusion should be investigated more cau-
tiously. Additionally, many cases of popping around the knee joint are extra-articular
in origin, especially in younger patients. Movement of the distal iliotibial band as it
approaches its insertion on Gerdy’s tubercle can cause popping and occasionally
mild localized swelling. A symptomatic medial plica (synovial fold) can also cause
local pain, swelling, and popping near the anteromedial joint line. Both are fairly
benign conditions and are relatively easily managed.

It is important for the clinician to differentiate the type of benign crepitus noted
above from true mechanical locking, as patients may use the terms interchangeably.
Mechanical locking indicates a mechanical block to extension, or less commonly
flexion, of the knee, due to the abnormal interposition of a structure, such as a loose
body or unstable meniscal flap, between the tibial plateau and the femoral condyle.
This locking is not only painful but also potentially dangerous for the patient and
should be treated in an expeditious manner.

Another common point of confusion related to symptom terminology is “giving
way” versus true, mechanical instability. Mechanical instability refers to a structural
deficiency in the knee, resulting in true instability of the joint. Frequent causes of
true mechanical instability are an ACL rupture or patellar dislocation; however,
more frequently, many patients complain of their knee “feeling like it’s going to
give out” but lack any intra-articular, structural abnormality. Often the cause of their
insecurity is actually arthrogenic muscle inhibition (AMI), or failure of activation of
the quadriceps muscle. This essentially represents a pain reflex and commonly
occurs in patients recovering from ACL reconstruction or other knee surgeries but is
also seen in patients with anterior knee pain, such as patellofemoral syndrome and
patellar tendinitis [4]. One helpful means of clinically differentiating these two enti-
ties may be to inquire about the context of the sensation; while AMI typically occurs
when navigating stairs or standing from a seated position, true ligamentous instabil-
ity often occurs when stopping suddenly or changing directions and is often accom-
panied by a sense of movement within the joint.

Patients may experience additional symptoms in the knee or elsewhere in the
body. The presence of erythema, warmth, and significant pain in the joint should
alert the provider to the possibility of infection, such as septic arthritis, or other
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acute arthropathy (i.e. gout, pseudogout, gonococcal disease, etc.). Nighttime pain,
in addition to constitutional symptoms, such as weight loss, night sweats, and
fatigue, might indicate neoplasia. Other possible symptoms seen with malignancy
could include fever, anorexia, and general malaise. The presence of swelling, pain,
or erythema in other joints likely indicates a more systemic, autoimmune process,
such as systemic lupus erythematosus, rheumatoid arthritis, or juvenile idiopathic
arthritis; often these conditions have other extra-articular manifestations, as well,
such as rashes, gastrointestinal bleeding, and ocular changes.

Past Medical History and Family History

Patients should be asked about their own medical history as it relates to the knee. A
prior history of knee pain or swelling or previous knee surgeries is important to
note. One should always ask about issues in the contralateral knee; athletes who
have had an ACL reconstruction in one knee are at higher risk to suffer an ACL
injury in the contralateral knee [5]. Additionally, prior or concurrent issues in the
hips may directly cause or contribute to pain in the knee and should be noted.

In terms of family history, one should inquire about the existence of first-degree
relatives with autoimmune conditions. Even some conditions, like pes planus and
genu valgum, may have hereditary causes, and a detailed family history may illumi-
nate these possibilities.

Social and Sport History

An understanding of an athlete’s sport and his or her level of play is advantageous,
when attempting to evaluate knee pain or injury. For example, in high school
females, the highest risk sports for ACL rupture are soccer, basketball, softball, and
volleyball. For high school males, the highest risk sport is football [6]. Some evi-
dence exists that even certain positions or styles of play may cause a higher risk than
others. For example, defending in soccer is associated with a higher risk of ACL
rupture, especially in females [7].

Level of play is also important to understand. It is not uncommon now to have
young athletes involved in one sport year-round, on multiple teams. The almost
constant, repetitive load on their bodies can lead to overuse injuries involving pri-
mary growth plates, apophyses, tendons, and bone. A recent study in pediatric ath-
letes demonstrated that single-sport specialized athletes in individual sports report
higher training volumes and greater rates of overuse injuries than single-sport spe-
cialized athletes in team sports [8]. Abrupt changes in training, especially signifi-
cant increases in intensity or duration of play over a short period of time, or sudden
alterations in footwear or playing surface can also be precipitants for injury [9].
Inquiring about level and intensity of play, including number of hours per week and
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weeks per year, and any sudden changes in training may provide clues as to the
degree of risk for overuse injury and may allow for providing enhanced guidance on
injury prevention.

Chapter Summary

Young patients may have difficulty describing their presenting complaint, and the
task of obtaining a detailed description of knee pain can be challenging for the pro-
vider. By utilizing a standard approach with respect to documenting the history of
the complaint, clinicians can avoid missing crucial details that may provide clues to
the diagnosis. The history should concentrate on key characteristics of the pain, the
mechanism of injury in cases of acute complaints, the presence or absence of any
associated symptoms, pertinent details of the patient’s past medical history, the fam-
ily history, and sport participation. Constructing a comprehensive, detailed history
of the knee pain will allow the clinician to narrow their differential diagnosis and
focus their physical exam.
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Jeffrey M. Mjaanes

Introduction

After formulating a list of potential diagnoses based on a detailed history, the clini-
cian uses the physical examination to confirm or discard possible etiologies. If one
consistently approaches the examination in a methodical manner, the process
becomes almost second nature. While the exact sequence of the exam may vary
from clinician to clinician, if the examiner uses a similar approach each time, details
are less likely to be overlooked. The exam typically begins with inspection for
visual clues, is followed by an evaluation of range of motion and strength, and is
concluded with special testing of specific structures.

Visual Clues

Inspection actually begins the moment the patient enters the exam room with regard
to the patient’s general disposition, pain, and comfort level. The clinician should
also assess the patient’s ambulation for antalgic gait, limping, or an inability to bear
weight on the extremity, which would likely indicate a serious injury. The examiner
should also note the presence of erythema or significant swelling, which may indi-
cate infection or autoimmune arthritis. With swelling, the fluid may be intra-
articular, which can be difficult to assess visually unless the amount is significant,
or extra-articular, which may be easier to visualize. Focal extra-articular swelling
directly over the patella, for example, may indicate pre-patellar bursitis, which can
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be a fairly common occurrence after a direct fall or trauma to the anterior knee,
while localized swelling or prominence over the tibial tuberosity is a typical finding
in Osgood—Schlatter apophysitis [1].

The clinician should inspect both knees for muscular symmetry. The presence of
unilateral atrophy of the quadriceps muscle suggests chronic pathology with the
extension mechanism or significant disuse of the affected knee. If there appears to
be a difference, precise circumferential measurement of the quadriceps can be
entertained.

The clinician should also visually inspect for signs indicative of anatomical or
biomechanical factors, which may contribute to knee pain or pathology. Significant
genu valgum or genu varum may play a role in knee pain. Fortunately, most valgus
or varum deformities are congenital and mild; however, significant unilateral genu
valgum or varum should raise the suspicion of growth arrest or deformation of a
physis, or primary growth plate, in the distal femur or proximal tibia. As anterior
knee pain syndromes are common, clinical attention to the patella is recommended.
A patella that sits higher, or more superior, than expected is referred to as patella
alta, while one that sits more caudal is called patella baja; either can contribute to
patellar pain. Patellar mal-tracking refers to abnormal gliding of the patella in the
trochlear groove, while moving the knee between flexion and extension. On exam
this can be seen by lateral displacement of the patella, when the patient is seated and
asked to extend the knee actively (“J-sign”—patellar motion transcribes a “J” as
it moves).

Mobility Clues

Range of motion can be assessed actively, passively, or against resistance. Active
range of motion refers to the degree to which a patient can voluntarily move a joint.
Passive motion refers to movement of the joint solely by the examiner, with no effort
by the patient. Normal range of motion for the adult knee is generally considered to
be 0 degrees of extension and 135-140 degrees of flexion. Commonly many indi-
viduals have slightly increased passive extension of the knee by a few degrees; how-
ever, excessive, unilateral extension is referred to as genu recurvatum and may
represent prior injury. Always examine both knees, starting with the unaffected knee
first. Inability to extend one knee fully, especially when there is a history of locking
or catching, should alert the clinician to the possibility of an unstable meniscus tear
or a loose body, such as an osteochondral fragment. Inability to flex the knee past
90-100 degrees or significant pain with flexion could indicate a meniscal tear, quad-
riceps injury, or large intra-articular effusion. Pain with active or resisted motion, but
no pain with passive motion of the same muscle, suggests tendinitis or apophysitis.

When assessing motion, one can also evaluate motor strength. To measure quad-
riceps strength, the clinician typically has the seated patient extend the knee against
resistance. To gauge hamstring strength, the ideal patient position is prone and then
the patient flexes the knee against resistance applied by the examiner. Universally,
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Table 3.1 Strength Grade | Significance
grading scale 0 No contraction (complete paralysis)
1 Slight contractility without any movement
2 Active movement, with gravity eliminated
3 Active movement, against gravity, but tolerates
no resistance
4 Active movement, against gravity and resistance
5 Active movement, against gravity, plus full
resistance / Normal power

strength is evaluated on a graded scale from O to 5 (Table 3.1). Again, comparison
to the unaffected knee is helpful.

This table was used with permission of the Medical Research Council, with min-
imal alterations.

In addition to simple resisted strength testing, the clinician may consider per-
forming a functional evaluation for a more global assessment of true joint perfor-
mance. Simple maneuvers, such as having the patient perform a double or single leg
squat, duck walk (walking in a partially squatted position for several steps), or jog-
ging in the clinic hallway can provide clues to the regular function of the quadriceps
and hamstrings, in addition to pelvic stabilizers and lower leg muscles. The ability
to complete these motions satisfactorily without pain, particularly the duck walk, is
reassuring to the examiner and decreases the likelihood that the patient has a large
effusion, ligamentous tear, significant tendinopathy, or meniscal tear [2].

Exam Maneuvers
Palpation

Palpation is a simple yet effective tool for examining the knee. In order to palpate
successfully, the clinician must become familiar with the detailed anatomy of the
knee joint. Although one should also consider palpating in a methodical fashion so
as not to overlook any critical anatomical areas, clinicians will often palpate the
expected area of pain last. Important areas to palpate in the young athlete include
the apophyses, the medial and lateral joint lines, as well as the distal femur and
proximal tibia (Table 3.2). Most of these structures are more easily palpable with
the patient supine and the knee flexed to 90 degrees.

Palpation may also be helpful in the evaluation of swelling, particularly with dif-
ferentiating an intra-articular effusion from extra-articular fluid. Intra-articular effu-
sions typically result from internal derangement, such as injury to the articular
cartilage, menisci, or ligaments. If the fluid accumulates quickly, the swelling likely
represents hemarthrosis and may be evidence of a fracture or significant bone contu-
sion, such as that seen in a patellar dislocation or rupture of the anterior cruciate
ligament (ACL). The presence of intra-articular swelling can often be appreciated
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Table 3.2 Important landmarks for pediatric knee palpation

Anatomic Landmark Potential significance

Tibial tuberosity Osgood—Schlatter (tibial tuberosity apophysitis)

Inferior pole patella Sinding-Larsen—Johansson (inferior patellar apophysitis)
or patellar tendinitis

Superolateral patella Bipartite patella

Medial joint line Medial meniscus, medial collateral ligament

Lateral joint line Lateral meniscus

Medial or lateral distal femur or Physeal injury (i.e. Salter—Harris fracture)

proximal tibia

Medial or lateral patellar facet Patellofemoral pain syndrome

Fibular head Lateral collateral ligament, biceps femoris tendinitis

Gerdy’s tubercle, distal iliotibial Iliotibial band syndrome
band

Fig. 3.1 Palpation of
intra-articular effusion.
With the superiorly placed
hand, the fluid is
compressed from the
suprapatellar pouch toward
the inferiorly placed hand
which palpates the

fluid wave

both on visual inspection and palpation in the supra-patellar pouch. If a significant
amount of fluid is present, the patient will often “lose” the normal indentations seen
alongside the patella when the knee is fully extended. Fluid here can also be detected
using a “milking maneuver” by first gently milking the fluid from the medial side of
the patella with the palm of the hand and then applying gentle compression to the
superolateral aspect—this will elicit a fluid wave, which is often visible and/or pal-
pable along the medial side of the patella (see Fig. 3.1). Comparison to the contra-
lateral knee is important.
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Extra-articular collections of fluid may result from simple contusions, bursitis, or
tearing of the quadriceps muscle—tendon unit. Pre-patellar bursitis can result from
direct trauma to the anterior knee, seen commonly in wrestlers, and may present as
focal swelling and tenderness of the anterior aspect of the patella. Pes anserine bur-
sitis results in local swelling and tenderness over the insertion of the gracilis, sarto-
rius, and semitendinosus on the anteromedial knee.

Ligament Testing

Ligamentous injuries can occur in young athletes and, therefore, familiarization
with common testing techniques of the major ligaments is essential.

Medial Collateral Ligament

Medial collateral ligament (MCL) injuries typically occur from a direct blow to the
lateral aspect of the knee resulting in stretching or, possibly, failure of the ligament.
Typically, there will be localized swelling and tenderness over the ligament as it
crosses the medial joint line or over its more proximal aspect. The valgus stress test
is used to evaluate the integrity of the MCL. To perform the valgus stress test, the
knee should be held and passively flexed to approximately 20-30 degrees, and then
a medially directed force is applied with the palm of the hand on the lateral aspect
of the knee. A mild sprain may result in medial-sided pain with this maneuver; a
severe sprain or complete tear will result in palpable opening or “gapping” along the
medial side. The test should be repeated at O degrees of flexion (see Fig. 3.2).
Normally there should be no gapping at 0 degrees; the presence of joint opening in
full extension indicates a more severe injury, likely a concomitant injury to a cruci-
ate ligament.

Lateral Collateral Ligament

The lateral collateral ligament (LCL) is often injured with a direct blow to the
medial knee or a non-contact extension/varus overload mechanism. The patient will
likely have localized tenderness and swelling laterally. To evaluate the LCL, the
varus stress test is performed similarly to the valgus stress test but with the hand
position reversed and a laterally directed force applied to the medial aspect of the
knee, forcing the knee into varus. Again, the clinician assesses for the presence of
lateral pain or laxity. After performing the varus stress test at 20-30 degrees of flex-
ion, the examiner should repeat the test at 0 degrees of flexion (see Fig. 3.3).
Gapping at both 20-30 degrees and 0 degrees suggests a more severe injury, such as
a concurrent tear of the anterior or posterior cruciate ligament (PCL) or other stabi-
lizing structures.
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Fig. 3.2 Valgus stress test.
The patient is relaxed, and
the knee is in 20-30
degrees of flexion. The
examiner places one hand
along the lateral side of the
knee joint and applies a
valgus stress to the knee.
The examiner assesses for
laxity of the medial
collateral ligament. The
test is then repeated at 0
degrees of flexion

Anterior Cruciate Ligament

Unfortunately, anterior cruciate ligament (ACL) injuries are relatively common
among young athletes and represent a significant cause of morbidity. Classically,
the method taught to evaluate the ACL is the Anterior Drawer Test. To perform this
test, the patient is in a supine position, the hip is flexed to 45 degrees, and the knee
is flexed to 90 degrees. The examiner grasps the knee on both the medial and lateral
aspects just below the joint line, placing the thumbs over the anterior tibial plateaus.
With the foot stabilized, the examiner pulls the tibia anteriorly (see Fig. 3.4). The
test is considered positive if there is the lack of a solid palpable endpoint, when
compared to the uninjured knee [3]. Unfortunately, the results of the Anterior
Drawer Test can be affected by hamstring spasm and guarding; therefore, the test
carries a relatively low sensitivity and specificity, reported as 18-92% and 78-98%,
respectively [4]. A more sensitive and specific means to examine the integrity of the
ACL is Lachman’s test. To perform Lachman’s test, the patient is supine and relaxed.
The examiner grasps the knee with one hand above the knee joint and places the
other hand below the knee joint with thumbs on the anterior aspects. The more supe-
rior hand controls and positions the leg to approximately 15-25 degrees of flexion;
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Fig. 3.3 Varus stress test.
Similar to the valgus stress
test, the patient is relaxed
with the knee flexed to
20-30 degrees. The
examiner places one hand
along the medial side of
the joint and applies a
varus stress to the knee,
assessing for laxity, or
opening, of the lateral
collateral ligament. The
edge of the exam table can
be used as a fulcrum, as
seen in the picture here

this hand remains still for the exam (see Fig. 3.5). The other hand is then used to pull
the tibia anteriorly. Typical anterior translation is less than 5 mm often with a firm
endpoint noted; a significant side-side difference is considered abnormal. Sensitivity
and specificity of Lachman’s test have been reported as 63-93% and 55-99%
respectively [4]. The presence or absence of an endpoint may be the most reflective
of the state of the ACL [5]. The examiner may note difficulty obtaining either of
these tests in the sub-acutely injured knee and may experience more accurate results,
if the exam is performed either immediately post-injury or, conversely, after the
swelling and pain have subsided.

Posterior Cruciate Ligament

Injury to the posterior cruciate ligament (PCL) is less commonly seen in the young
athlete but can occur from either hyperextension or when the tibia is suddenly
forced in a posterior direction with respect to the femur. The Posterior Sag Sign and
Posterior Drawer Test can be used to assess the integrity of the PCL. For these tests,
the patient is supine and relaxed with the knee flexed to 90 degrees and feet resting
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Fig. 3.4 Anterior drawer
test. The patient is supine
and relaxed with hips
flexed to 45 degree and the
knee flexed to 90 degree.
The examiner places both
thumbs on the anterior
tibial plateaus and
stabilizes the patient’s foot
with their body or an
assistant. Then the
examiner exerts an
anteriorly directed force.
The knee with an intact
ACL will demonstrate
minimal translation;
however, an ACL-deficient
knee will show increased
anterior translation with no
solid endpoint

flat on the exam table. For the Posterior Sag Sign, the examiner visually inspects the
knee joints from the side and notes the position of the tibial plateaus with respect to
the femoral condyles. This “sag” can also be appreciated on palpation as typically
the anterior aspect of the medial tibial plateau will sit 5-10 mm anterior to the ante-
rior aspect of the medial femoral condyle; however, in the PCL-deficient knee, grav-
ity will allow the tibia to “fall back,” and the plateau will appear to sit more posterior,
when compared to that of the contralateral knee. The normal step-off will be absent.
For the Posterior Drawer Test, similarly to the Anterior Drawer Test, the examiner
approaches the patient from the front and places the thumbs over the anterior tibial
plateaus and the fingers behind the flexed knee medially and laterally. Then the
examiner applies a posteriorly directed force against the tibia and should note
increased posterior translation, typically more than 10-12 degrees in the PCL-
deficient knee, compared to the uninjured joint (see Fig. 3.6).

Patellofemoral Instability
Instability at the patellofemoral joint can be a significant cause of morbidity in the

young athlete. Injury to the medial patellofemoral ligament can lead to patellar sub-
luxation or frank dislocation. If the clinician encounters a patient with an acutely
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Fig. 3.5 Lachman test.
The examiner grasps the
knee with the one hand
above the knee joint and
places the other hand
below the knee joint with
thumbs on the anterior
aspects. The more superior
hand controls and positions
the leg to approximately
15-25 degrees of flexion;
this hand remains still for
the exam. The inferior
hand is then used to pull
the tibia anteriorly. In a
patient with an intact ACL,
a firm endpoint should

be noted

Fig. 3.6 Posterior drawer
test. Similar to its anterior
counterpart, in the
posterior drawer test, the
patient is supine and
relaxed with the knee
flexed to 90 degrees and
foot resting flat on the
exam table. The examiner
places the thumbs over the
anterior tibial plateaus and
the fingers behind the knee
medially and laterally.
Then the examiner applies
a posteriorly directed force
against the tibia and should
note increased posterior
translation, typically more
than 10-12 degrees in the
PCL-deficient knee,
compared to the

uninjured joint
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dislocated kneecap, the knee will usually be semi-flexed and the patella in an obvi-
ously abnormal position laterally. To reduce, the clinician can simply extend the
knee slowly, while applying a slight medially directed pressure along the lateral
border of the patella; the kneecap should return to its normal anatomic position by
the time the joint is fully extended. Following a patellar dislocation, the patient will
usually have a large, swollen knee with tenderness along the medial aspect of the
patella and the lateral femoral condyle, due to bone contusions with resulting hem-
arthrosis. Sub-acutely and chronically, the clinician can test for instability by per-
forming the patellar apprehension test. To perform the test, the patient should be
supine on the exam table with the legs fully extended and relaxed. The clinician
places the index finger or thumb along the medial border of the patella and applies
slight laterally directed pressure. In the case of patella instability, often the patient
will abruptly instruct the clinician to stop the maneuver as this recreates the sensa-
tion of instability. If compared to the contralateral knee, the clinician will also typi-
cally note increased lateral translation of the patella with respect to the
trochlear groove.

Meniscal Injury

Meniscal cartilage is susceptible to injury. Tears can occur in the medial or lateral
meniscus; however, in both cases the majority of tears occur in the body and poste-
rior horns. Most meniscal tears will present with pain localizable on either the
medial or lateral side, tenderness over the respective joint line, and intra-articular
effusion. Several physical exam maneuvers exist to aid in confirming the presence
of a meniscal tear. In all tests, the objective is essentially to compress the affected
meniscus between the tibia and femur. McMurray’s test is performed in a supine
patient by passively internally rotating and flexing the knee to test the lateral menis-
cus and externally rotating and flexing the knee to test the medial meniscus (see
Fig. 3.7). Classically, a test is described as positive, when the examiner feels a
“click” during the maneuver; however, more commonly elicitation of pain along
either joint line, when flexing the knee during McMurray’s, is considered a positive
result. The sensitivity of McMurray’s test ranges from 16 to 88% in the medical
literature, while the specificity ranges from 20 to 98% [6]. The Thessaly test is per-
formed actively by the patient, who stands on one leg with the knee in approxi-
mately 20 degrees of flexion and then rotates medially and laterally upon the leg.
Elicitation of pain, which localizes to the respective joint line, is described as a posi-
tive test. The sensitivity and specificity of Thessaly’s test have been described as
62—-66% and 39-55%, respectively [7].
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Fig. 3.7 The McMurray
test. The examiner places
the finger and thumb of
one hand along the joint
lines and grasps the foot
with the other hand. The
knee is then brought into
maximum flexion with the
foot externally rotated to
compress the posterior
portion of the medial
meniscus. Then the
examiner extends the knee,
internally rotates the foot,
and repeats the flexion
maneuver to compress the
posterior horn of the lateral
meniscus. Classically, the
test is positive if a “click”
is palpable over the injured
meniscus, but commonly
many clinicians consider
elicitation of pain as a
positive test

Chapter Summary

Learning and practicing a methodical approach to examining the knee will aid the
clinician in narrowing the differential diagnosis. Examination often begins with
inspection and observation for visual clues, followed by assessment of range of
motion and strength. Palpation for swelling and areas of tenderness is often helpful.
Specific exam maneuvers can then be employed to evaluate for injuries to the major
ligaments or menisci. One important point to recall is that not all knee pain origi-
nates in the joint itself. The clinician who encounters a patient with reported knee
pain, but a completely unremarkable exam, would be well served to examine the hip
and/or lumbar spine for any potential sources of referred pain.
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Chapter 4
Testing — What to Do and When

Ingrid K. Ichesco, Mary Solomon, Susannah Briskin, and Jessica R. Leschied

Diagnostic Imaging
Radiography

Plain radiographs are used as the initial imaging modality in the evaluation of knee
pain, due to their wide availability, ease of acquisition for the patient, and low cost.
Indications to obtain radiographic imaging include knee effusion, inability to bear
weight, decreased range of motion, deformity, and acute injury with concern for
fracture. Radiographs should also be obtained in cases of acute and chronic knee
pain to evaluate for other potential disorders, such as osteochondral abnormalities,
benign or malignant bone tumors, infection, and inflammatory arthritis, and to
assess skeletal maturity. Patients with night-time pain, fevers, inability to bear
weight, malaise, weight loss, and a history of cancer should also undergo radio-
graphs to initiate evaluation for more worrisome etiologies.

Obtaining multiple views of the knee with radiographs allows for a more thor-
ough evaluation. Oftentimes, AP and lateral views are included in a standard knee
x-ray order; however, additional views, including tunnel/notch view & sunrise/mer-
chant views, may prove to be helpful (Fig. 4.1). Figure 4.2 demonstrates the appro-
priate patient position for obtaining optimal radiographic views of the knee. AP and
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Fig. 4.1 A four-view radiographic knee series in a young adolescent female. (a) AP view high-
lighting normal growth plates (solid arrows) in the femur and tibia. (b) Notch view, which is useful
for identifying osteochondral abnormalities of the femoral condyles. The white arrow indicates the
intercondylar “notch.” (¢) Normal lateral view should be performed with the knee in approxi-
mately 30 degrees of flexion to assess for a suprapatellar joint effusion (dashed arrow). Solid arrow
identifies the normal tibial tubercle apophysis. (d) Bilateral merchant (i.e., skyline or sunrise)
views demonstrating normal patellofemoral alignment

lateral views evaluate for fracture of the femur and tibial plateau, tibial tubercle
apophysis, tibial eminence, and physeal injuries. The patellar views, such as the
merchant or sunrise view, evaluate for patellofemoral morphology and for patellar
fracture, bipartite patella, and patellar osteochondral abnormalities. The tunnel or
notch view allows for visualization of the weight-bearing aspect of the femoral
condyles, which is a common location for osteochondral abnormalities, also referred
to as osteochondritis dissecans (OCD) [1]. The lateral aspect of the medial femoral
condyle is the most common location for an OCD in the knee. When indicated, a
contralateral or comparison view offers additional information to evaluate for asym-
metry of the growth plates and growth centers (physes or apophyses). In the pediat-
ric knee, areas of growth are present in the distal femur, proximal tibia, proximal
fibula, tibial tubercle, and inferior pole of the patella. Physes and apophyses ossify
at different ages. A contralateral view of the unaffected knee evaluates for asym-
metry and may increase the reader’s confidence level to diagnose a normal finding
versus injury, avulsion fracture, or other pathology.
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Fig. 4.2 Proper patient positioning for a four-view radiographic knee series. (a) AP view. (b)
Notch view. (¢) Lateral view. (d) Merchant view
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Fig. 4.2 (continued)

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) studies are able to evaluate soft tissue struc-
tures, in addition to osseous structures, in multiple planes (Fig. 4.3). MRI is gener-
ally safe, as there is no ionizing radiation associated with obtaining images, and, for
the purpose of imaging musculoskeletal injury, it does not usually require
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Fig. 4.3 This is reviewing normal anatomy of the knee as visualized by MRI. This shows different
views and which structures are visible on each. Figure 4.3a is a coronal PD image with fat satura-
tion in a 13-year-old girl. This plane demonstrates the normal medial (m) and lateral menisci (1),
anterior cruciate ligament (*), normal low signal medial collateral ligament (thick arrow), normal
fat-suppressed marrow signal in the femur (F) and tibia (T) with normal bright signal growth plates
highlighted (thin arrows). Figure 4.3b is a midline sagittal PD image in the same patient. The dark
signal anterior cruciate ligament (*) can be evaluated for integrity in all three planes. The slightly
hyperintense cartilage of the patella and femur is indicated by the thin arrows and the neurovascu-
lar bundle travels in the popliteal fossa (thick arrow). Figure 4.3c, an axial PD fat-suppressed
image through the femoral condyles in the same patient, allows for evaluation of the patella (P) and
femur (F) morphology and the medial patellofemoral ligament (thin arrow)
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gadolinium contrast material administration. MRI may be obtained when radio-
graphs are normal and/or further work up is needed to evaluate for soft tissue injury,
such as a ligament, tendon, cartilage, and/or meniscus tear; occult fracture; or
OCD. MRI is becoming the gold standard for evaluation of stress injuries and can
be useful to diagnose a stress reaction (intermediate stress injury), because it can
demonstrate intramedullary bone edema, cortical signal changes, and periosteal
reaction not visualized on radiography, allowing for appropriate clinical manage-
ment prior to progression of the injury to a complete fracture. MRI takes longer than
other imaging modalities to perform; thus, sedation of young or uncooperative
patients may be necessary. MRI is also noisy and takes place within a confined
space, which may cause symptoms of claustrophobia, requiring anxiolytics.
Absolute contraindications to MRI include some magnetic implantable sternal
hardware, insulin pumps, intraocular metallic foreign bodies, and temporary trans-
venous pacing wires. If there is a concern about MRI safety, consultation with a
pediatric radiologist is suggested.

Indications for obtaining an MRI include osteochondral injuries, occult fracture,
soft tissue injury (muscle, tendon, ligament, meniscus, cartilage), stress fracture,
infection (osteomyelitis, abscess), bone contusion, avascular necrosis, and bone and
soft tissue masses [2]. A knee joint effusion warrants an MRI to evaluate for intraar-
ticular pathology in the setting of injury [3]. Layers within the joint fluid of an effu-
sion, particularly a lipid layer (lipohemarthrosis) is concerning for a fracture [3]. If
a lipohemarthrosis is present on radiographs in a first-time lateral patellar disloca-
tion, an MRI is warranted to evaluate for osteochondral injuries [4]. MRI will also
demonstrate a classic contusion pattern in the medial patella and lateral femoral
condyle in up to 73% of patients with an acute patellar dislocation, and more than
one-third of patients will have an osteochondral fracture [5]. MRI can also help with
visualization of a medial patellofemoral ligament and medial patellar retinaculum
injury. The medial patellofemoral ligament can be torn (partially or completely) in
up to 78% of patellar dislocations [5].

About 3% of all children undergoing knee MRI will have a physeal fracture. In
this case, MRI can evaluate for widening of the physis, periphyseal edema, fracture
lines, and periosteal disruption, injuries that may cause premature closure of the
physis [5]. Chronic repetitive stress may cause widening of a growth plate on radio-
graphs and demonstrate signal equivalent to the physis extending into the metaphy-
sis. This can lead to growth disruption and premature growth plate closure, as well.
Zbojniewicz & Laor identified a particular finding on adolescents undergoing MRI
for evaluation of knee pain, which consisted of a “focal bone marrow edema pattern
centered at the physis of the distal femur, proximal tibia, or proximal fibula and
extending into both the adjacent metaphysis and epiphysis” [6]. These findings have
been suggested to correlate with early physeal closure and are termed FOPE zones
(focal periphyseal edema). These physiologic changes do not warrant follow-up
imaging [6] but may be associated with pain in the absence of other pathology
(Fig. 4.4).
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Fig. 4.4 Coronal PD
fat-suppressed image in a
14-year-old boy with knee
pain demonstrates
flame-shaped areas of
edema-like signal around
the tibial growth plate
(dashed arrows), consistent
with focal periphyseal
edema (FOPE zones). Note
also the deep medial
collateral ligament injury
(solid arrow)

MRI can also help differentiate suspected osteochondral abnormalities (OCD)
that are identified on radiographs from normal ossification patterns of the femoral
condyles. A normal ossification center will lack surrounding edema, have intact
overlying cartilage, and may be bilateral. They are also located in the non-weight-
bearing location of the femoral condyle [5]. MRI is more sensitive for OCD than
radiographs and provides information about diagnosis, stability, surveillance, and
treatment response of lesions, which may affect management [7]. An MRI can also
be helpful in identifying a discoid meniscus [5], which is found in about 5% of the
population. A discoid meniscus is thick, long, without the normal semilunar shape,
and more common on the lateral side [3]. A discoid meniscus is at greater risk for
tearing. Pediatric menisci have increased vascularity, which may be confusing when
trying to evaluate for a meniscal tear, particularly in children under 12 years old [5, 8].

MRI is useful in evaluating bone marrow signal changes, both normal patterns of
marrow conversion and pathologic processes. Diffuse bone marrow replacement
should raise concern for potential hematologic malignancy [3]. MRI will show the
classic serpentine signal abnormalities that are seen with bone marrow infarcts in
sickle cell disease, malignancy, and steroid treatment [3]. In juvenile idiopathic
arthritis, an MRI can evaluate for synovial thickening and pannus formation, which
enhances with gadolinium contrast material [3]. It is increasingly becoming the
preferred method for radiologic evaluation of juvenile idiopathic arthritis; however,
it is not as readily available as other imaging modalities. MRI can also identify bone
marrow edema, cartilage loss, enthesitis, tenosynovitis, and bone erosions, which
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are additional findings in inflammatory arthritis [9]. The utility of diffusion-weighted
imaging is under investigation for musculoskeletal pathology, but it may be an alter-
native to contrast-enhanced MRI with the advantage of being relatively fast and
without the need for intravenous gadolinium contrast material [10].

Computed Tomography

Computed tomography (CT) has limited indications due to ionizing radiation expo-
sure and the exquisite tissue contrast resolution of MRI. CT is the best modality to
evaluate osseous structures in detail. It can provide detail on complex or intraarticu-
lar fractures (Fig. 4.5), premature physeal fusion in the setting of Salter-Harris frac-
tures, as well as follow up for specific fracture healing (e.g., Scaphoid fracture).

Fig. 4.5 Coronal CT
image on a 20-year-old
man, following trauma,
demonstrates a
comminuted avulsion
fracture of the tibial
eminence (solid arrow),
considered an ACL tear
equivalent
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With the technical advances of other imaging modalities, CT is used less often
because of its associated ionizing radiation exposure but may still be a good choice
in the setting of trauma because of its ability to be done quickly [2].

Ultrasound

Ultrasound (US) is becoming more popular and readily available. The ability to
image the musculoskeletal system dynamically is unique to ultrasound. The lack of
ionizing radiation exposure is also particularly important in the pediatric popula-
tion. US allows visualization of a joint effusion and Baker cyst, as well as soft tissue
structures, including tendons, muscles, ligaments, peripheral nerves, and soft-tissue
foreign bodies [2]. Ultrasound can also evaluate joints and is becoming more com-
monplace for diagnosis and surveillance of rheumatologic conditions, as well as for
acute hemarthrosis in hemophilic and bleeding disorder populations. In Pediatric
Rheumatology, ultrasound is increasingly being used because of its ability to assist
with diagnosis, image-guided medication administration, and treatment response
monitoring. Ultrasound can detect synovial thickening and effusion in the setting of
juvenile idiopathic arthritis, and power or color Doppler can be used to identify
active (hypervascular) versus chronic or “burnt out” (hypovascular) pannus. Caution
should be taken in interpretation of Doppler findings due to differences in normal
vasculature based on age and physical activity level [9]. In patients with hemophilia
and bleeding disorders, both MRI and US can be helpful in evaluating for hemar-
throsis, with the advantage of US being used as an easily accessible screening tool
to detect interval change with point of care use [11, 12]. For musculoskeletal injury,
US is somewhat limited in its ability to detect internal derangement due to the depth
of the cruciate ligaments and its limited sensitivity to detect meniscal tears; how-
ever, for more superficial structures, such as the quadriceps and patellar tendons,
medial and lateral collateral ligaments, distal iliotibial band, the pes anserine ten-
dons, and the distal hamstrings tendons, US is helpful in experienced hands.

Bone Scintigraphy

A “bone scan” (bone scintigraphy) is a nuclear medicine test, during which a small
amount of radioactive pharmaceutical is injected into a vein, followed by imaging
the patient with a gamma camera after a period of time to look for uptake of the
radiotracer into the bone. In sports medicine, bone scans have historically been used
to help evaluate for stress fractures that do not appear on radiographs. A bone scan
will show areas of increased metabolic uptake, but the imaging pattern is nonspe-
cific and does not differentiate between infection, neoplasm, and stress injury. Bone
scans are not used as frequently as in the past, as MRI can provide more specific
information ~ without the associated radiation exposure from the
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radiopharmaceutical. Indications for bone scan include evaluation for stress frac-
tures, generalized bone pain to detect tumor, bone metastases in a neoplastic pro-
cess, or locating a site of infection or inflammatory process [2].

Biochemical Investigations

Serum/Blood

Most pediatric patients with knee pain typically do not require laboratory evalua-
tion. There are a few instances in which to consider obtaining lab work. Individuals
who use elicit substances that alter or enhance athletic performance or are used for
recreational purposes may be at increased risk for micronutrient deficiencies, iron
deficiency anemia, certain liver tumors, and poor bone mineral density. Athletes
who also limit caloric intake or particular food groups may also be at risk. These
athletes may require additional laboratory work up and vitamin supplementation. If
a patient complains of fatigue and a concern for overtraining, one can obtain a CBC,
ferritin, thyroid studies, and vitamin D [2] (See Table 4.1 for a list of lab test
abbreviations).

Females with menstrual dysfunction may require laboratory evaluation to evalu-
ate for etiology of symptoms; appropriate testing may include LH, FSH, hCG, pro-
lactin, TSH, FT4, estradiol, testosterone (total & free), and DHEA/S. Other testing
may include 8 am 17-OH progesterone, progesterone challenge test, and pelvic
US [13].

Not all joint pain is musculoskeletal in nature. Juvenile idiopathic arthritis (JIA)
is generally defined as joint inflammation with age of onset <16 years old and dura-
tion of symptoms >6 weeks. JIA has several subtypes, including oligoarticular
(affecting less than 5 joints), polyarticular (affecting 5 or more joints), and systemic.

Table 4.1 Lab test CBC Complete blood count
abbreviations LH Luteinizing hormone
FSH Follicle-stimulating hormone
hCG Human chorionic gonadotropin
TSH Thyroid-stimulating hormone
FT4 Free thyroxine
DHEA/S Dehydroepiandrosterone sulfate
17-OH progesterone | 17 a hydroxyprogesterone
CRP C-reactive protein
ESR Erythrocyte sedimentation rate
RF Rheumatoid factor
CPK Creatine phosphokinase

ANA Antinuclear antibody
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Polyarticular JIA may be subtyped into rheumatoid factor positive and negative
[14]. Symptoms including prolonged morning stiffness that improves with activity,
along with persistent joint swelling, warmth, and pain; occasionally painless limp;
and fever, rash, and fatigue may indicate a rheumatologic condition. Referral to a
rheumatologist is most appropriate, when a rheumatologic condition is suspected. A
comprehensive physical examination evaluating for joint effusions, synovial thick-
ening, bony proliferation, and skin findings, among others, will be performed. Initial
laboratory evaluation includes CBC, CRP, ESR, RF, CPK, and ANA titers [2], but
JIA is a clinical diagnosis and cannot be made based on laboratory studies alone.
Because of low specificity, improper timing, and the presence of variability, labora-
tory values may be normal and falsely disprove the presence of a rheumatologic
condition.

Other etiologies of knee pain may include arthritis associated with inflammatory
bowel disease and Lyme disease. The presence of blood in the stool, nocturnal
stooling, and growth failure can be signs of arthritis associated with inflammatory
bowel disease, and referral to Gastroenterology is appropriate in this instance. Lyme
disease should be considered with residence in, or travel to, endemic areas and the
presence of signs and symptoms consistent with the disease, such as erythema
migrans (bulls-eye patterned rash). Serum Borrelia burgdorferi enzyme-linked
immunosorbent assay (ELISA), followed by western blot, can help make the diag-
nosis of Lyme disease. It is difficult to culture B. burgdorferi in synovial fluid,;
however, PCR done on synovial fluid may detect its presence. Additionally, syno-
vial fluid usually displays inflammatory markers in this condition, with elevated
white blood cell counts [15].

Synovial Fluid Analysis

Children’s knees are not generally aspirated for joint fluid to relieve pain. Joint fluid
analysis may be indicated, however, to evaluate for infectious or inflammatory pro-
cesses. Having symptoms of effusion, warmth, erythema, and a possible fever may
be indicative of a septic joint. The joint aspirate should be sent for cell count, gram
stain, and culture [2]. A concurrent serum laboratory analysis may include CBC,
CRP, ESR, RF, ANA titers, and blood cultures.

Chapter Summary

1. Radiographs are routinely obtained as the initial study of choice for a pediatric
patient with knee pain and should include multiple views, depending on the
indication.

2. Cross-sectional imaging with ultrasound, CT, or MRI is warranted, if a soft tis-
sue injury or occult osseous abnormality is suspected.
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MRI is useful in the pediatric population because of its superior visualization of
soft tissue structures and lack of ionizing radiation exposure.

The role of musculoskeletal ultrasound is rapidly expanding, given advances in
quality, increased availability, and operator experience. It is particularly useful to
evaluate for joint effusion, synovitis, and integrity of superficial tendons and
ligaments around the knee.

Labwork is not routinely indicated in pediatric patients with knee pain but may
be considered to evaluate if there is a concern for non-mechanical etiologies of
pain or if there are underlying comorbidities.
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Chapter 5
General Management of Pediatric Knee
Injuries

Marshall J. Crowther and Calvin J. Duffaut

General management of pediatric knee injuries includes initiating treatment for the
relief of symptoms; determining the suitable activity and timetable for an appropri-
ate return to sport and activity; choosing relevant protection, if indicated (examples
including bracing, casting, and/or the use of crutches); and addressing any underly-
ing causative factors, if present, to prevent future injuries through rehabilitation and/
or physical therapy.

Following the accurate identification of a pediatric knee injury, further evalua-
tion and imaging may determine which injuries can be managed in a primary care
setting and which need referral to orthopedic or specialty care. Table 5.1 lists some
of the more common exam findings that should alert the practitioner to refer to a
higher level of care.

Management of knee injuries is determined first by whether the presenting prob-
lem represents an acute injury or involves a more chronic condition. General man-
agement considerations for both acute and chronic knee injuries are outlined below.

It is important to remember that, in the skeletally immature pediatric patient, the
weakest point of the musculoskeletal system is the physis, or growth plate; thus,
injuries to these structures occur more often in youth with open growth plates than
do injuries to the ligaments and tendons, which are more commonly seen in the
skeletally mature patient. The major physes of the knee joint include the distal fem-
oral and proximal tibial physes, where long bone growth occurs, and the proximal
tibial and distal patellar apophyses, where the patellar tendon inserts and originates,
respectively.
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Table 5.1 Indications for referral to Sports Medicine/Orthopaedics

Knee effusion (may indicate meniscal, chondral, or ligamentous injury)

Locked knee or inability to flex or extend the knee completely (may indicate meniscal injury or
osteochondral lesion)

Ligament instability (especially anterior cruciate ligament (ACL), lateral collateral ligament
(LCL), posterior cruciate ligament (PCL) injuries)

Any fracture or osteochondral lesion

Inability to bear weight on the injured knee

Health care provider concern

Management of Acute Injuries

Pediatric acute knee injuries generally occur, due to sudden macro trauma to the
knee joint and surrounding structures, usually during contact or high-impact sports.
Such a high-intensity, short-duration force can injure the bones (fractures, including
epiphyseal and apophyseal injuries), ligaments, and musculotendinous units sur-
rounding the knee joints.

Immediate care of an acute knee injury, like other musculoskeletal injuries,
should be treated with a protocol best remembered by the acronym “RICES,”
which includes the following: [1]:

¢ Rest

e Ice

e Compression
¢ Elevation

e Stabilization

Another commonly used acronym in this setting is “PRICE,” which stands for
Protection, Rest, Ice, Compression, and Elevation and accomplishes the same treat-
ment goals as “RICES.”

All components of RICES should be used immediately after injury to help allevi-
ate the current symptoms, mitigate further tissue damage from secondary injury,
and allow for earlier return of full function and return to play. RICES accomplishes
these goals by decreasing the development of swelling, pain, muscle spasm, and
neural inhibition [1].

Complete rest involves abstaining from joint motion during the immediate period
after the injury, which progresses to “relative rest” as tolerated, meaning limiting
joint motion in a way that does not cause further pain and discomfort. The main
rationale for the use of rest is not only to decrease the acute pain associated with the
injury but also to prevent additional symptoms and delayed recovery, related to
“neural inhibition” [1]. Neural inhibition, one of the body’s responses to pain,
causes a decrease of the surrounding neuromuscular functions (e.g. strength and
range of motion). These compensatory changes serve as the body’s natural way to
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“protect” itself from pain and may persist after the initial injury has healed, thus,
delaying full recovery and return to a normal activity level.

The use of crutches for knee injuries also can be a component of “rest” in the
setting of an acute knee injury, so as to allow for pain-free ambulation and to avoid
the neural inhibition that may come with painful walking and limping. Crutches
should, therefore, be used until a patient can walk with a normal gait [1].

The use of ice, or cryotherapy, as an acute treatment for injury helps to decrease
swelling but also helps to limit secondary injury [1]. Secondary injury may occur to
the surrounding uninjured tissue through multiple mechanisms, including inade-
quate blood flow and tissue metabolic changes. Inadequate blood flow and oxygen
supply occurs because of damage to the surrounding blood vessels and hemody-
namic changes related to the initial injury. With cooling, the metabolic needs of the
surrounding cells and tissues are decreased, making them less susceptible to isch-
emic injury [1]. With less injured tissue, there is less cellular debris, which lowers
tissue oncotic pressure and decreases edema, allowing the repair process to be
shorter and resulting in a quicker return to normal activity.

For cryotherapy to be most effective, ice should be applied to the injured tissue
as soon after the injury as possible. Ice is best used for 15-20 minutes at least three
times a day. Ice can be applied via an ice pack, ice bath, or ice massage. Ice should
be avoided prior to physical activity, if the pain involves a nerve, if there is a history
of vascular disease, or if there is a history of cold hypersensitivity, such as cold-
induced urticaria [1].

Compression of the injured knee aids in controlling and decreasing the edema
after the injury. The increased pressure outside of the capillaries helps to decrease
filtration pressure. Constant compression applied to an injured knee helps prevent
formation of edema, whereas intermittent compression helps remove existing edema
by stimulating the lymphatic system. Compression may be provided by elastic knee
sleeves, compression stockings, or ace-bandages [1].

Elevation serves to decrease surrounding tissue edema by decreasing capillary
hydrostatic pressure. To accomplish this decreased pressure, the injured area should
be elevated above the level of the heart.

The final component of RICES is stabilization, which involves supporting the
injured leg and knee joint to allow surrounding muscles to relax, reducing neural
inhibition and pain. During the neural inhibition process, muscle guarding sur-
rounding the knee joint can occur, causing muscle spasm, which leads to more pain,
possibly leading to additional spasm and rigidity of the joint [1]. Early joint stabili-
zation can allow surrounding muscles to relax, avoiding the vicious cycle of pain-
spasm-pain. Examples of conventionally used post knee injury stabilization devices
include knee immobilizers, hinged knee braces, and patellar stabilizing braces. A
knee immobilizer limits knee motion. Patellar stabilization braces can be used in
patients with a history of patellar subluxation or dislocation. A temporary hinged
knee brace can be helpful in patients that have had a medial or lateral collateral liga-
ment injury, as it will stabilize valgus and varus stressed placed on the knee.
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Non-steroid anti-inflammatory drugs (NSAIDs) can be used in the setting of an
acute injury to help with reduction of pain and inflammation. It is recommended to
limit use of NSAIDs to no longer than 7 days, as longer use may actually delay healing.
Patients and parents should be given the appropriate dose and dose interval. The dosing
for ibuprofen is 10 mg/kg/dose every 6-8 hours; the typical maximum single dose is
400 mg; and the maximum daily dose regimen is 40 mg/kg/day. Families also need to
be aware of the common side effects of NSAIDs, including nausea, bloating, gastritis,
gastric and duodenal ulcers, blood-thinning, and renal and hepatic toxicity [2].

After the inflammation has improved and the pain has resolved, the gradual
return to play after an acute injury can begin. This is best started with a period of
rehabilitation (home exercises or with a physical therapist). Therapy should first
work on obtaining full range of motion of the knee. Additional recovery goals
include strengthening of the hip abductors, vastus medialis, and core, as well as
improving flexibility and biomechanics.

Management of Chronic Injuries

Chronic or overuse injuries are caused by repetitive microtrauma and submaximal
stress to the musculoskeletal structures of the knee (and lower extremity) without
sufficient rest or recovery time. They are commonly seen in times of rapid increases
in training frequency, duration, and/or intensity. In addition, the cartilage of athletes
in a rapid phase of growth is more susceptible to the forces of training. Overuse
injuries are often related to multiple intrinsic and/or extrinsic factors. Intrinsic fac-
tors include growth-related factors, susceptibility of growth cartilage to repetitive
stress, the adolescent growth spurt, history of a previous injury, the athlete’s previ-
ous level of conditioning, anatomical factors, menstrual dysfunction, and psycho-
logical and developmental factors. Extrinsic factors can involve training workload
(rate, intensity, and progression), training and competition schedules, equipment
and footwear, environment, sport technique, and psychological factors (adult and
peer influences). Trying to avoid or reduce these risk factors is part of the manage-
ment of chronic knee injuries [3].

Treatment of intrinsic factors through rehabilitation programs commonly
involves the strengthening of the hip, quadriceps, and core musculature to re-
establish the normal biomechanics of the knee. Flexibility exercises and an evalua-
tion for any gait abnormalities also should be a component of such a physical
therapy program. These types of programs should emphasize developing a founda-
tion of general strength, endurance, and motor skills to improve and maintain opti-
mal sport-specific biomechanics [3].

For extrinsic factors, one must evaluate training volume and intensity, as both are
correlated with overuse injuries. Young athletes should avoid year-round training in
a single sport. They should also limit participation in tournaments during which
several games are played on a single day or extending over consecutive days [3]. A
simple rule of thumb is for an athlete to limit formal training hours per week to his/
her age in years.
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Table 5.2 Knee braces uses

Type of knee brace When to use

Knee immobilizer or post- After acute injury

operative brace

Patellar stability brace Patella dislocation/instability

Patellar tendon strap Patellar tendinosis, Osgood-Schlatter disease, Sinding-
(counterforce brace) Larsen-Johansson syndrome

Hinged knee brace Medial collateral ligament (MCL) or Lateral collateral

ligament (LCL) injury

Different types of knee braces and supports can be utilized in patients with
chronic knee injuries (Table 5.2). There are a multitude of different types of knee
braces available, including both “off-the-shelf,” as well as those custom-made for
the individual. In general, three categories of knee braces can serve as an overview
of how to approach bracing for chronic conditions.

A patella tendon strap, also referred to as a counterforce brace, can be used in
patients with knee extensor mechanism conditions, such as Osgood-Schlatter dis-
ease, Sinding-Larsen-Johansson syndrome, and patella tendinosis.

For symptoms related to patellar mal-tracking, such as patellar instability and/or
chronic patellofemoral pain, a full-length, soft, knee brace that includes a lateral
patellar pad or “J” pad may be helpful. In addition to this knee brace, placement of
arch supports or custom orthotics into the shoe can be helpful in many of these
patients, who have excessive foot pronation, as this can commonly contribute to this
type of chronic knee pain [4].

The third type of support to consider is a metal, hinged knee brace. These are
commonly utilized for stabilization of the knee in the setting of acute or chronic
ligament injuries. A simple “off the shelf” hinged knee brace can be appropriate for
medial or lateral collateral ligament injuries. Custom-made braces can also be used
for a more specific fit and commonly may be used in the setting of anterior cruciate
ligament (ACL) injury after surgical reconstruction. Questions on appropriate brac-
ing can be discussed in conjunction with the patient’s physical therapist and/or
sports medicine specialist and can be a part of the overall rehabilitation plan for
chronic knee injuries.

Another aspect that one must consider in chronic knee injuries is treating over-
training and/or burnout. Relative rest, developing realistic perception of compe-
tence, and possible consultation with a mental health expert can be a part of this
management [3].

Summary

Determination of the appropriate disposition is a critical part of the early manage-
ment of both acute and chronic knee injuries. Their management may simply involve
conservative treatment with rest and RICES protocol or may require more formal
bracing and protection. Supplementary treatment may also necessitate referrals to
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physical therapy and/or sports medicine and orthopedic specialists. Having a gen-
eral understanding of commonly occurring injuries, the structures involved, and
identification of worrisome physical exam findings can significantly aid in this
process.
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Chapter 6
Patellar Subluxation and Dislocation

Shelley Street Callender

Introduction

The abnormality of patellar instability, which can result in patellar subluxation/
dislocation, involves the anterior compartment of the knee, including the patella and
its functional relationship to the femur and quadriceps, which impact the extensor
mechanism of the knee. The initial insult is most commonly traumatic but can also
be unknown or noncontact in nature [4, 8, 12]. While this injury can occur in ath-
letes in a variety of sports, it is most common in those which involve significant
twisting and redirection, i.e., football, basketball, gymnastics, and soccer.

Epidemiology

Patellar subluxation/dislocation is estimated to have an incidence of 11.9 to 43 per
100,000 [7, 8, 12]. The typically affected athlete is between the ages of 15 and
19 years, when this problem begins [4]; however, it can occur in younger age groups.
This skeletally immature group often presents with higher rates of recurrence [4,
13]. Patellar subluxation/dislocation in the acute setting is 33% more common in
females than males [4]. Both acute and recurrent patellar subluxation/dislocation
can result in continued pain and discomfort from cartilage injuries and early arthro-
sis [8]. Patellar subluxation/dislocation is a cause of hemarthrosis and the second
leading cause of knee effusion for the athlete after anterior cruciate ligament (ACL)
disruption [10].
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Mechanism of Injury

In the acute setting, the athlete has lateral translation of the patella after contact dur-
ing a contact/collision sport [1]. The same lateral translation can also occur during
a noncontact event that involves an aggressive cutting and pivoting maneuver in a
contact sport. In either case, the mechanism of injury typically occurs with the knee
in slight flexion and the lower leg in a valgus position. One primary stabilizer of the
patella is the medial patellofemoral ligament (MPFL), which is often disrupted dur-
ing acute dislocations [1].

Risk factors in the history and physical examination that predispose the athlete to
this problem include, but are not limited to, the following: younger age, trochlear
dysplasia, patella alta, and a laterally located tibial tubercle [2]. While there can be
a relationship between patellofemoral pain syndrome (PFPS) and patellar sublux-
ation/dislocation (also considered “instability”), they are somewhat different enti-
ties. PFPS is insidious in onset and often considered an overuse syndrome, rarely
needing surgical intervention. Patellar subluxation, when acute, is typically related
to a specific event or injury (contact or noncontact).

On-Field Assessment

The on-field physical examination may be limited in scope by the athlete’s discom-
fort and swelling but must include a neurovascular assessment by checking sensa-
tion and proximal and distal pulses [6]. The athlete may have an obvious deformity,
with the patella being laterally displaced. In those cases, relocation with the applica-
tion of gentle pressure along the lateral boarder of the patella and the gradual exten-
sion of the knee is often effective. Most often, the patella spontaneously reduces,
and the athlete may report a sensation of a movement out and then back into the
groove, thereby explaining a double thump or pop sensation.

In-Clinic Assessment

The in-clinic knee examination should start with inspection and include palpation,
range of motion, strength testing, and special testing. The athlete may describe dis-
comfort in the front of the knee that is sore, achy, sharp, or stabbing. There is typi-
cally no erythema but often an effusion on inspection. Increased patellar motion
during patellar tracking on activation of the quadriceps may be observed, and an
increase in the Q ankle (quadriceps angle) might be noted. One may find some ten-
derness to palpation of the patellar facets and/or tenderness surrounding the patella.
With active or passive range of motion of the knee, crepitus of the patella is often
present, although early after the injury this finding may be absent. One may find
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patellar looseness (increased patellar motion) or functional laxity of the affected
limb. Patellar grind, compression of the patella on the femur with the knee in exten-
sion, can be painful, which would be a positive finding. Patellar apprehension, dis-
comfort with passive lateral patellar motion when the knee is in extension or up to
20 degrees of flexion, is also consistent with a history of patellar subluxation/dislo-
cation [4]. Typically, the other ligamentous structures of the knee are intact (i.e.,
intact valgus and varus stress testing for MCL and LCL integrity, respectively;
intact anterior and posterior drawer testing for ACL and PCL integrity, respectively).
On strength testing, there is generally quadriceps weakness with resisted knee
extension and weakness of the hip abductors [5, 9]. For the skeletally immature
athlete, the physis or apophysis should be evaluated, as they, too, when injured, can
significantly impact the extensor mechanism; therefore, the exam should include
palpation at the inferior patella, tibial tubercle, distal femur, and proximal tibia.

Imaging can be a necessary component of the evaluation of patellar subluxation/
dislocation events. Radiographs are important, particularly in those with an acute or
initial injury, and should include anterior-posterior, lateral, and merchant (i.e., sun-
rise) views [2, 12]. There is debate regarding the timing and need for magnetic reso-
nance imaging (MRI). While an MRI is always indicated for evidence of an
osteochondral defect on radiographs, some experts would recommend an MRI for
all initial dislocations; others would wait to determine the athlete’s response to con-
servative treatment [1, 3, 12, 14].

Management — Rehabilitation

For most with an initial event, the recommended intervention is physical therapy
and rehabilitation with or without bracing. For those with repeated subluxation/
dislocation or with cartilage damage, surgical interventions should be considered.
Effective prevention strategies are lacking in the literature, and further studies sur-
rounding prevention are necessary.

Nonoperative interventions that focus on physical therapy and rehabilitation are
the standard treatment for most patients with a first-time patellar subluxation/dislo-
cation [8]. Rehabilitation should focus on ensuring the core is stable and work on
the functional action of the patella, as it participates in the extensor mechanism of
the knee. Therapy should be progressive, because, at initiation of therapy, the athlete
may have limitations in activity, due to discomfort. While some bony structural
components cannot be altered, inhibition and activation of muscle structures require
repetition in order to change or alter a neuromotor input. Initial intervention should
focus on neuromotor input and gradually progress to muscle loading (esp. quadri-
ceps) to improve patellar control and knee extension.

Physician re-evaluation during the initial rehabilitation stage is helpful in order
to ensure that the intervention is being successful and to redirect the program, if
needed. A follow-up visit offers another opportunity to assess if bracing or taping
can be helpful and to determine if there is any improvement in muscle recruitment
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or neurological input or signaling. If there is no change at all, then consultation with
a sports medicine physician or orthopedist may be helpful to assist in reconsidering
the diagnosis, re-directing the rehabilitation program, and/or determining the need
for advanced imaging.

For a program to be successful, the athlete must actively participate and commit
to continuing the exercises between therapy sessions, in addition to incorporating
like exercises into their sport preparation activities long term. Often an adolescent
athlete will need therapy for a few months and continuation of a home program with
incorporation of those exercises into his/her sport training. If the athlete continues
to experience high levels of pain, despite adequate physical therapy, a referral to a
sports medicine physician or sports surgeon is warranted to determine if consider-
ation for additional evaluation and/or surgical intervention is warranted.

Management — Surgical

Surgical intervention is indicated and more effective in skeletally mature adoles-
cents, who have instability of the patella and have failed appropriate conservative
therapy. In the skeletally immature, surgery is often postponed until skeletal matu-
rity has been reached. When there is an unstable osteochondral defect or chondro-
malacia, surgery includes repair or removal of the defect along with intervention to
improve patellar stability, allowing for better outcomes [10, 11, 14]. As such, for the
skeletally immature athlete with significant chondromalacia or an osteochondral
defect, postponing surgery may not be possible. When surgery is indicated in this
skeletally immature group, physeal-sparing procedures should be considered. One
of the most common surgical interventions is the medial patellofemoral ligament
(MPFL) tightening procedure [2, 10, 11, 14]. Other procedural options include tib-
ial transfers or osteotomies, which can be helpful for patients with significant bony
malalignment, and patellofemoral joint space resurfacing techniques, which can be
helpful for patients with moderate to severe chondromalacia of the patella.

Outcomes

After an initial event most athletes return to full play in about 3 weeks [6]. Initially,
the majority have a partial or complete response to conservative interventions; how-
ever, the risk for re-injury is approximately 17% following a first dislocation and
50% or higher subsequently [1]. This re-injury risk seems to be highest in the
younger age groups and those with trochlear dysplasia, patella alta, or the presence
of a laterally placed tibial tubercle. Up to 96% of those with patellar subluxation/
dislocation have trochlear dysplasia [7].
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Common Case Presentation

A 15-year-old girl comes in complaining of right knee pain for 1 week. She plays
tuba in her marching band. At the end of her last marching band show, she landed
awkwardly on her right knee, after stepping in a divot in the grass. She describes
feeling a pop sensation and a giving out of her knee. She immediately had pain and
discomfort but did not fall to the ground. The patient was unable to continue partici-
pation at that time and has not resumed marching band practice since the event. She
comes into the office for evaluation because of continued pain and swelling. The
pain has improved; the swelling started 1 day after the incident. She has been wrap-
ping the knee with an Ace bandage.

On physical examination, there is a moderate right knee effusion. There is posi-
tive patellar apprehension pain and laxity with tenderness along the medial patel-
lofemoral ligament (MPFL). Her passive range of motion is painful and limited to
an arc of 30 to 100 degrees. Normal valgus and varus stress testing indicates ade-
quate stability of the medial and lateral collateral ligaments, respectively. She has
good endpoints with anterior drawer, posterior drawer, and Lachman’s test.
McMurray test is negative.

Anterior-posterior, lateral, and merchant (sunrise) radiographs are obtained. The
imaging is consistent with patella alta, lateral placement of the patella (Fig. 6.1),
and a knee effusion without fracture or dislocation. This imaging is consistent with
patella subluxation/dislocation of the right knee. Because this is a first subluxation/
dislocation, you decide to order an MRI of the right knee. The MRI results are con-
sistent with lateral dislocation of the right patella without chondromalacia or any
chondral defect in the knee.

The patient is placed in the lateral patellar tracking brace and started in physical
rehabilitation for neuromuscular training, quadriceps strengthening, and pain

Fig. 6.1 Lateral tracking
of patella on merchant
(sunrise) X-ray view
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management. In addition, she was started on nonsteroidal anti-inflammatory medi-
cations. After 4 weeks of physical therapy, she was able to resume marching band
activities.

Uncommon Case Presentation

A 17-year-old boy comes in complaining of right knee pain. He reports a sudden
onset of right knee pain after trying to get out of bed. He denies any trauma or a fall.
He reports not being able to walk well, since the pain began. He has always been
active but stopped playing soccer a few years ago, because of the feeling that his
right knee was always going to give out. During his grade school years, when he
played soccer, he recalls intermittent swelling in the front of his knee with an asso-
ciated popping sensation.

On physical examination, there is no knee effusion. He has full active and pas-
sive range of motion of the right knee. There is an increase in Q angle, apparent
patella alta, and patella laxity with positive patellar apprehension and patellar grind
tests. He has intact valgus and varus stress testing, anterior and posterior drawer
testing, and a stable endpoint with Lachman’s test.

Anterior-posterior, lateral, and merchant (sunrise) radiographs are obtained. The
imaging, consistent with patellar subluxation/dislocation, demonstrates the follow-
ing findings: patella alta, lateral placement of the patella in the femoral trochlear
groove, and a possible chondral defect. Because of the radiographic findings, an
MRI is obtained. The MRI shows a loose chondral fragment, likely from the patella,
trochlear dysplasia, patella alta, and a small effusion (Fig. 6.2).

Fig. 6.2 White area
demonstrates a patellar
effusion on MRI
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This patient was referred to Orthopedic Surgery for surgical intervention. Before
and after surgical correction, the patient is placed in a lateral patellar tracking brace.
After surgery, he is started in physical rehabilitation for neuromuscular training,
quadriceps strengthening, and pain management. After 8 weeks of physical therapy,
he was able to resume regular activities without pain or that almost giving out feel-
ing and is also considering a return to soccer.

Summary

Patellar subluxation/dislocation often has an acute onset with a high incidence of
recurrence. Initial injuries without bony defects should start with physical therapy
and rehabilitation. These athletes need to incorporate quadriceps strengthening
exercises into a routine. Surgical interventions are reserved for those with recurrent
dislocations or with bony destruction amendable to repair. The skeletally mature are
better candidates for surgical intervention; however, in cases where bony destruc-
tion is present in the skeletally immature, surgery, particularly physeal-sparing pro-
cedures, should be highly considered. Currently, prevention revolves around
maintaining a stable core, ensuring quadriceps strength, and bracing or taping the
patella laterally. More studies are needed to establish effective means of prevention
(Table 6.1).

Table 6.1 Condition Table

Condition Patellar dislocation

Description Instability of patella (subluxation or dislocation)
Epidemiology Slight female predominance

Mechanism (common) Traumatic - patella forced laterally

History and exam findings | Athlete felt pain after fall

Immediate swelling and instability — not able to return to play
Swelling limited flexion on exam

Pain with translation of patella

Management Acute symptoms management

Timely rehabilitation

Consideration for surgical intervention after multiple occurrences
Rehabilitation and quadriceps strengthening are key
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Chapter 7
Patellar Contusion

Clinton J. Ulmer and Nathaniel S. Nye

Anatomy and Normal Function

The patella is a large sesamoid bone within the quadriceps tendon, which continues
distally as the patellar tendon. The quadriceps muscle engages the patella into the
trochlear groove upon activation, producing extension at the knee. There are very
high contact forces between the patellar cartilage and trochlear cartilage during
weight bearing and loading. Proper function of the knee extensor mechanism
depends upon stability and control proximally in the hip girdle and lumbopelvic
core, as well as distally in the ankle and foot core musculature. The patella is impor-
tant in that it provides somewhat of a fulcrum during knee extension, providing
increased mechanical advantage by lifting the contractile force vector away from
the hinge point of the knee.

Pathology and Dysfunction

Patellar contusions are very common among the pediatric population. The injury is
frequently caused by direct blunt-force trauma during casual play, organized sports,
and motor vehicle accidents. Despite the high incidence of patellar contusions,
severe complications, such as a patella fracture, are rare [1, 2].

The terms “bone bruise” and “bone contusion” are generally used interchange-
ably in the literature. They represent a spectrum of radiographically occult bone
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injuries that are best diagnosed with increased signal intensity on T2-weighted mag-
netic resonance imaging (MRI), which often corresponds with decreased signal on
T1-weighted images [3]. Histologic studies demonstrate that relatively minor
trauma may cause marrow edema with preserved cancellous bone, while increasing
severity of trauma produces trabecular bone microfractures and associated intra-
medullary hemorrhage [3, 4]. In 1988, Wilson et al. introduced the term bone mar-
row edema to describe this finding [5]. Specific marrow edema patterns are seen
with different types of injury and are often described as a footprint left behind from
the injury. Direct impact traumatic contusions typically produce uniform edema
throughout the patella. The classic bone contusion pattern of lateral patellar disloca-
tion includes marrow edema of the lateral femoral condyle and the inferomedial
aspect of the patella [6, 7]. The presentation, diagnosis, and management of patellar
subluxation and dislocation are detailed in Chap. 6.

The dysfunction that a young patient will have secondary to contusion or sublux-
ation is primarily due to the soft-tissue injury, with the severity of bone bruising
itself showing no consistent association with pain severity or level of function after
injury [8]. In the absence of other complications, the dysfunction accompanying a
patellar bruise is secondary to pain. The overwhelming majority of patients will
return to play at their previous level once recovered from a patellar contusion.

Specific Pointers

While the diagnosis and management of a patellar contusion is generally straight-
forward, there are a few situations that require specific care. These include patellar
subluxation and symptomatic bipartite patella.

The patella is the largest sesamoid bone in the body, forming from one to three
ossification centers [9, 10]. Approximately 2% to 6% do not fuse mutually, resulting
in a multipartite patella [11]. Of these multipartite patella, 50% are bilateral and are
in a male to female ratio of 9:1 [12, 13]. Figure 7.1 illustrates the Saupe

Saupe Classification

Type | (5%) Type Il (20%) Type lll (75%)

Fig. 7.1 The Saupe classification of bipartite patella with respective percentage of presentation in
individuals with bipartite patella. Type I — inferior pole (5%), Type II — lateral margin (20%), Type
IIT — superolateral margin (75%)
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classification and relative frequency of different types of bipartite patella [14].
Among bipartite patella, approximately 2% become symptomatic [15]. The most
common presentation is anterior knee pain in a male athlete under the age of 20,
who sustained direct impact to the knee [15-17], though it may become symptom-
atic with overuse, as well. The pain is typically aggravated by knee extension or
direct pressure. Patients will also endorse pain with sudden bending of the knee or
crouching [18]. While this injury is painful, it should be noted that traumatic separa-
tion of a bipartite patella is exceedingly rare [9].

Differentiating between a bipartite patella and patellar fracture can be difficult in
the clinical setting [19]. In the majority of bipartite cases, anterior-posterior plain
radiographs will show a separated, well-corticated ossicle, often at the superolateral
aspect of the patella [20, 21]. As in most cases, the patient’s history can also assist
in diagnosis. Overuse and gradual pain development are more likely in a symptom-
atic bipartite patella. Along with knowledge of the typical location and epidemiol-
ogy of bipartite patella, skyline views, bone scintigraphy, and MRI can assist in
diagnosis [13, 22, 23]. The presence of bone marrow edema is significant for pathol-
ogy associated with bipartite patella. MRI studies have demonstrated bone marrow
edema in connection with painful bipartite patella, while patients with asymptom-
atic bipartite patella [13, 21] did not have marrow edema.

Clinically (without advanced imaging), it may be difficult to determine whether
a contusive blow has caused injury to the superficial soft tissues only or whether the
patella itself has been contused. The distinction is often purely academic; advanced
imaging is generally not necessary to distinguish between these two injury patterns,
as both are treated conservatively, based on symptoms.

Epidemiology

While the true incidence of patellar contusions is difficult to measure, several epi-
demiological studies offer insight into the frequency, age groups, gender, and com-
mon activities that are related to patellar contusions. Gage et al. reported on
emergency department (ED) visits, due to knee in injuries in the United States
between 1998 and 2008 [24]. They estimated 666,432 knee injuries were evaluated
at emergency departments per year, with patients under age 25 representing 46.1%
of these injuries. Among the pediatric population (age less than 18), 29.1% of knee
injuries seen at an ED were classified as knee contusions. It should be noted that all
knee contusions were grouped into a single category; therefore, the exact number of
specific patellar contusions is unknown [24]. Females sustained a higher rate of
contusions than males (31.8% vs 22.8%) [24].

Moustaki et al. evaluated the common activities that are related to knee injury in
a pediatric population. Of 2167 children injured in non-motor vehicle collisions
(i.e., all-cause knee injury but excluding motor vehicle collisions), 43.5% were
diagnosed with knee contusion (patella vs. other bone involvement not specified).
The authors found that minor knee injuries, such as contusions, were more common
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among female patients, and often were the result of a fall or direct impact, while
playing at home or on a playground, particularly in the summer months [25].
Children who participate in sport have a greater risk of knee injury [25, 26].

These two studies highlight the defining epidemiologic characteristics of general
knee contusions in the pediatric population. Knee contusions are very common inju-
ries that are more common in females than males and in children than adults [24, 25,
27, 28]. Patellar contusion is often associated with typical children play activities at
home and at school. Children who participate in sport have a greater likelihood of
injuring their knee [25, 26].

Diagnosis: History and Examination Findings, Testing

The common presenting history with patellar contusions, like most bone contu-
sions, is trauma with direct impact of the patella. As described above, minor falls
during play or athletics are common culprits [25]. Although the inciting event may
be obvious, a focused history should include previous history of knee injury, history
of bipartite patella, and other symptoms that would suggest a ligamentous injury or
patellar subluxation/dislocation. Ability to bear weight on the injured limb immedi-
ately after the injury should be ascertained, and, if swelling is reported, the location,
timing, and extent of swelling are also important. Understanding the patient’s base-
line functional status and activities is also helpful.

A complete knee exam, including comparison to the contralateral knee, should
be performed and documented. In isolated patellar contusion, the most likely find-
ings are erythema, mild prepatellar swelling (generally without intraarticular effu-
sion), and tenderness to palpation over the patella. The patient will usually have full
range of motion but may have pain on full flexion of the knee. To our knowledge,
there is no existing published literature on the sensitivity and specificity of these
findings for patellar contusion.

It is important to distinguish between a patellar fracture and contusion at presen-
tation. Standard radiographs of the knee (antero-posterior, lateral, and sunrise
views) are used to investigate a potential fracture [29]. A key clinical question is
whether to order plain films. Two well-known clinical decision rules, the Pittsburgh
Decision Rule (PDR) and the Ottawa Knee Rule (OKR), have been developed and
validated for the selective use of radiographs in evaluation of acute knee trauma
[29-31, 32].

The PDR and OKR were developed in 1994 and 1995, respectively, and have
slightly different decision-making criteria within their respective diagnostic proto-
cols (See Tables 7.1 and 7.2). Early, individual studies of PDR and OKR showed
sensitivities in the 99—100% range, and many groups subsequently began to study
and validate these rules in different populations. A systematic review of the OKR in
2004 showed pooled sensitivity and specificity of 98.5% and 48.6%, respectively, in
the general adult population [33]. In 2013, Cheung et al. completed a cross-sec-
tional validation study comparing the two decision rules in a U.S. urban teaching
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Table 7.1 Ottawa knee rule Patients with knee trauma should receive knee radiographs

if meeting one or more of the following criteria:
Age 55 or older
Tenderness at head of fibula

Isolated tenderness of the patella

Inability to flex knee to 90 degrees

Inability to walk four weight-bearing steps immediately
after the injury and in the emergency department

Table 7.2 Pittsburgh decision rule Patients with knee trauma should receive knee

radiographs if mechanism of injury was blunt trauma
or a fall, AND meeting at least one of the following
criteria:

Age younger than 12 years or older than 50 years

Inability to walk four weight-bearing steps in the
emergency department

hospital in patients over the age of 18. Both the PDR and OKR were found to have
a sensitivity of 0.86, but specificity of PDR was higher (0.51 versus 0.27) [34]. A
separate retrospective study showed that using the PDR would have resulted in 30%
fewer knee films being obtained without missing a single fracture, whereas 25%
fewer would have been obtained if the OKR was used [35].

Of note, only the OKR has been specifically validated in children. A 2009 sys-
tematic review and meta-analysis of the OKR in children (with only 4 applicable
studies included, representing 1130 children) found 99% sensitivity and 46% speci-
ficity, with reduction of radiograph ordering between 30-40%. The authors con-
cluded that evidence was sufficient to recommend use of OKR in children over age
5, but evidence was insufficient for children under age 5 [36]. The PDR recom-
mends plain films for all knee trauma patients under the age of 12 whose mecha-
nism of injury was blunt trauma or a fall [29-31]. The relative strengths and
respective inclusion criteria should be considered during clinical application.

Management

Uncomplicated patellar contusion requires straightforward conservative manage-
ment. The patient should undergo activity modification as guided by pain. As com-
monly accepted for many acute injuries, ice, compression, and elevation may also be
used. When pain is not controlled sufficiently with the above measures, consider
adding acetaminophen or non-steroidal anti-inflammatory medications as needed.
Pediatric patients and their families should expect a complete return to normal play
within 1-3 weeks as symptoms resolve. There is currently no research to suggest a
specific treatment algorithm or return to play timeline. This is most likely due to the
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benign prognosis of this injury. Treatment may become more complex, when the
patellar contusion is complicated, such as with bipartite patella or prepatellar bursitis.

There are 12 named bursae about the knee, of which the prepatellar bursa is most
commonly injured with a patellar contusion [37, 38]. As the name suggests, the
prepatellar bursa is located between the patella and the overlying subcutaneous tis-
sue. The recommended initial management of superficial bursitis, secondary to
trauma, begins with the same conservative treatment approach taken for a patellar
contusion [39], except that compression is prioritized as an important component of
treatment. Typically, an elastic bandage is utilized for compression, but neoprene
knee sleeves, athletic taping, and other methods may be utilized. If there is concern
for possible septic bursitis, a diagnostic aspiration should be performed [39, 40].
Aspiration can also be considered for symptomatic relief; however, the literature
suggesting this treatment approach was performed in adults [39—41].

As discussed previously, a bipartite patella can become symptomatic, secondary
to trauma. A systematic review from 2016 found that the majority of symptomatic
bipartite patella were treated conservatively [22]. Conservative treatment typically
involves activity modification, anti-inflammatory medications, stretching exercises
of the quadriceps, and the use of dynamic patellar bracing [9, 42]. In cases of severe
pain, immobilization of the knee with a brace in 30 degrees of flexion for 2-3 weeks
may provide improved pain relief [9, 18, 43]. In the majority of literature discussing
this issue, a minimum trial of 3 months of conservative management is advised prior
to considering surgical intervention [9, 22].

Demonstration Cases

Case 1 (Common Presentation)

Presentation: A 9-year-old female presented to the clinic with her father. She com-
plained of right knee pain after falling, while skateboarding, the day before. While
skateboarding, the patient was wearing a helmet but no knee or elbow pads. She was
able to ambulate directly after the injury but reports increased pain over the anterior
knee since the fall. She denies any previous history of trauma. Her father is worried
she might have broken a bone. Physical exam reveals a slightly antalgic gait, but she
is able to bear full weight with walking. Her right knee is swollen over the patella
with a few light abrasions. She is diffusely tender over the patella but non-tender
along the fibular head, tibial plateau, and femoral condyles. There is no palpable
intraarticular effusion. She is able to perform a full double-leg squat without diffi-
culty but reports anterior knee pain with full knee flexion. Her knees are stable to
varus, valgus, anterior drawer, and posterior drawer stress. Lachman and McMurray
tests are normal.
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Clinical Course: Noting blunt force trauma in a patient under age 12, x-rays were
ordered based on the Pittsburgh Decision Rule. Standard AP, lateral, and sunrise
films showed mild soft tissue swelling overlying the patella but no sign of osseous
abnormality or fracture. The patient and her father were instructed on conservative
management, including activity modification, pain control with ice, compression,
elevation, and occasional NSAIDs as needed. The benefit of safety gear, such as
elbow and knee pads, was also discussed. They were told to follow-up in 1-2 weeks
if the pain persists.

Case 2 (Uncommon Presentation)

Presentation: A 17-year-old male was playing soccer, when he experienced a direct
knee-to-knee impact with a player from the opposing team. He fell to the ground,
and athletic trainers responded, helping him to the sideline for evaluation. He was
unable to bear weight on his left knee immediately after the injury or in the athletic
training room 2 hours later. He was exquisitely tender to palpation over the patella,
and moderate diffuse edema of the anterior knee was noted. Range of motion was
limited, with a 5-degree extension lag, and he could not flex beyond 90 degrees, due
to pain. He was able to flex actively and extend the knee without assistance and was
able to lift his leg off the table from a supine position, while keeping his knee mostly
straight. No obvious knee effusion was noted, and Lachman and McMurray tests
were indeterminate (limited due to pain). The team physician instructed him on
non-weight-bearing, gave crutches, and sent him for X-rays. The next day, upon
follow up with the team physician and athletic trainer, he continued to show moder-
ate swelling and bogginess over the patella. X-rays showed prominent prepatellar
soft tissue edema but no sign of fracture or dislocation. Bedside ultrasound con-
firmed a diagnosis of prepatellar bursitis, and ice/compression/elevation were
prescribed.

Clinical course: After 1 week of conservative management, he was able to wean
off crutches but the swelling did not improve. Ultrasound-guided prepatellar bursa
aspiration was performed and compression/ice were continued. The swelling there-
after recurred, and aspiration was repeated 1 week later. Upon follow up 3 weeks
after injury, he reported continued anterior knee pain with little improvement. Range
of motion and strength were somewhat improved, but he was still unable to flex past
110 degrees, due to pain and tightness. There were no clinical signs of septic prepa-
tellar bursitis. An MRI was ordered and showed prominent marrow edema through-
out the entire patella with no fracture line. There was evidence of mild residual
prepatellar bursitis, and all knee ligaments and cartilage were intact. The patient
improved slowly over the ensuing 4 weeks, while doing low-impact rehabilitation
daily with the athletic training staff. He was cleared for full return to sport 6 weeks
after the initial injury.
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Pearls and Pitfalls

 Patellar contusion is typically a self-limiting injury with a full return to
play after conservative management.

* A thorough history and physical exam should be performed to evaluate
potential patellar subluxation and/or ligamentous injury.

* The Ottawa Knee Rule or Pittsburgh Decision Rule may be used to aid in
the decision regarding plain films of the knee. The OKR has been validated
in children age 5 and older but not in children under age 5. The PDR has
not been specifically validated in children of any age.

e Although uncommon, a symptomatic bipartite patella should be consid-
ered in the differential and evaluated appropriately.

e Acute non-septic prepatellar bursitis may develop, secondary to trauma,
and is initially managed with rest, ice, compression, and elevation.
Aspiration of bursal fluid should be considered for persistent or recurrent
effusion.

Chapter Summary

Patellar contusions are common among the pediatric population. Contusions are
most frequently caused by direct trauma; however, patellar subluxation also pro-
duces a characteristic patellar marrow edema pattern. The hyperemia and increased
edema in the subchondral bone can often be visualized on T2-weighted MRI. Patellar
contusion is occasionally complicated by prepatellar bursitis and patella fracture.
Due to abnormal fusion of the secondary ossification centers, a bipartite or tripartite
patella can form in the pediatric population. Although this abnormality is typically
asymptomatic, a bipartite patella can become painful after direct trauma. Care
should also be taken in the clinical setting to distinguish a bipartite patella from an
acute fracture. Patients with a symptomatic bipartite patella should undergo conser-
vative management. If symptoms persist after 3 months, surgical intervention should
be considered. Although complications can arise, patellar contusions are typically a
self-limiting injury that resolve with appropriate conservative care. Patient educa-
tion, activity modification, and pain management are cornerstones of treatment. The
overwhelming majority of patients will return to play at their previous level once
recovered from a patellar contusion (Table 7.3).
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Table 7.3 Condition table. Chapter review

Condition Patellar contusion

Description Edema and/or intraosseous hemorrhage within the patella caused by direct
trauma

Epidemiology | Very common. Out of >660,000 knee injuries seen in emergency departments
annually in the United States, 29% are knee contusions. A high proportion of
knee contusions are patellar contusions.

Mechanism Direct blunt-force trauma, usually during play at school/home, during sports,

(common) or motor vehicle accidents

History and Anterior knee pain with acute onset following trauma, often with swelling.

exam findings

Knee range of motion is usually intact but may be limited by pain. Intact
extensor mechanism on exam is helpful for ruling out most patellar fractures.

Management

Uncomplicated patellar contusions heal with conservative care (rest, ice,
compression, elevation) until symptoms resolve, followed by gradual return to
exercise and full activity. When complications are present, such as
symptomatic bipartite patella, patella fracture, patella dislocation, or
prepatellar bursitis, specific treatment is required as noted above.

Disclosure The opinions expressed herein are those of the authors, and do not represent official
policy of the US Air Force or the Department of Defense.
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Chapter 8
Sinding-Larsen-Johansson Syndrome

Anastasia N. Fischer

Anatomy and Normal Function

The apophysis at the inferior pole of the patella is a growth center that serves as an
attachment site for the patellar tendon and is often referred to as a secondary growth
center [1]. It opens at approximately age 10 and closes by approximately age 14 in
boys and girls [2, 3]. Located at the origin of the patellar tendon, the apophysis
serves as a connection point for the patellar tendon to the tibial tubercle, providing
continuity for the quadriceps muscle from the hips to the tibia.

Pathology and Dysfunction

Commonly stressed during phases of rapid growth, when the growth cartilage is
weak relative to the tendon, this apophysis can become inflamed, secondary to a
relative overuse injury, a condition called Sinding-Larsen-Johansson Syndrome
(SLJ) [1, 4]. The usual state of inflexibility at this age can contribute to traction at
the apophysis and, ultimately, a local inflammatory response. Advanced cases lead
to microavulsions at the proximal attachment of the patellar tendon and de novo
calcification and ossification at this junction [4]. These injuries can be considered
stress fractures of the apophyseal physis, analogous to a nondisplaced Salter-Harris
Iinjury [1].
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Epidemiology

Commonly seen in both boys and girls from approximately ages 10—14, SLJ can be
seen more often in active children who engage in quadriceps-heavy activities (run-
ning, jumping, landing) [3, 4], is a commonly reported injury amongst middle-
school athletes [5], and may be more likely to occur during practice than during
competition [5]. SLJ is also more likely to be diagnosed in adolescent athletes spe-
cializing in a single sport than in those participating in multiple sports [6] and may
be noted at an earlier age in boys than in girls [7].

Mechanism of Injury

Children may experience SLJ as a consequence of regular physical activity, exces-
sive physical activity, or an acute hit to the inferior pole of the patella [3].

Diagnosis
History

Most children will complain of an insidious onset of pain over the past few weeks
or months, worsened by physical activity, particularly jumps and sudden stops [4].

Exam

Localized swelling at the inferior pole of the patella may be present, but the injury
should not be associated with a knee effusion. The inferior pole of the patella will
be point tender, but tenderness may extend into the proximal patellar tendon. Range
of motion may be full or limited in flexion, due to pain with increased traction of the
patellar tendon at the site of injury. Strength may be full or compromised, secondary
to pain, but the patient must be able to activate the extensor mechanism of their leg,
helping to rule out a patellar sleeve fracture. Pain is commonly reproduced with
jumping in the exam room.

Testing

The presence of ossicles at the inferior pole of the patella on lateral knee radiograph
is not enough to make the diagnosis of SLJ and soft-tissue swelling at this site
should be noted (Fig. 8.1) [1]. This swelling may extend into the proximal patellar
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Fig. 8.1 Lateral
radiograph showing SLJ

tendon, with calcification/ossification seen in severe cases [4]. Ultrasound evalua-
tion may exhibit cartilage swelling, patellar tendon swelling at its proximal inser-
tion, and patellar fragmentation at the distal pole [2]. Further advanced imaging
should not be necessary to make the diagnosis but can be considered if ruling out
other pathologies, such as a patellar sleeve fracture.

Management

Relative rest of the knee to encourage a pain-free state is encouraged, as further
participation will likely increase pain or prevent resolution. Participation in athletic
activities should be encouraged once range of motion is full; strength is equal bilat-
erally; and the patient can land from jumps and run with minimal pain. A patellar
tendon counterforce strap may provide symptomatic relief and can be worn as
desired (Fig. 8.2). Stretching of the quadriceps, hamstrings, and calves can also help
decrease tension at the apophysis and should be encouraged independently or under
supervision with a rehab specialist [3]. Recalcitrant cases should undergo a biome-
chanics evaluation to ascertain if the knee is twisting or undergoing a valgus moment
(tibia deviating away from the midline) that may be preventing full recovery and
address neuromuscular deficits [6]. Local injection of corticosteroid into or around
the patellar tendon is contraindicated, due to risk of subcutaneous atrophy or tendon
injury [4].
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Fig. 8.2 Patellar
counterforce straps on an
11-year-old male

Demonstration Cases

Common Presentation

A 12-year-old boy presents to the office with anterior knee pain that is worsened
with physical activity. He can walk with a normal gait and points to the inferior pole
of the patella as the site of pain. Exam reveals mild swelling at the inferior pole of
the patella, full range of motion with some pain at end range passive flexion and
pain reproduced with jumping in the exam room. There is no evidence of internal
derangement of the knee (no knee effusion, unstable ligaments, negative meniscal
testing). Radiographs reveal an open apophysis at the inferior pole of the patella
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with surrounding soft tissue swelling. He is prescribed a patellar tendon strap,
stretches for knee flexion and extension, and relative rest until his pain improves.

Uncommon Presentation

A 12-year-old boy presents to the office with a report of pain with physical activity,
points to the inferior pole of the patella, has radiographs with an open apophysis, but
has a normal physical exam of the knee and hip without tenderness at the inferior
pole of the patella. This child may have a mild case of SLJ and should be encour-
aged to warm-up adequately before physical activity and may be given a stretching
program and patellar tendon strap. He should be instructed to follow-up if the pain
worsens.

Pearls and Pitfalls

» Consider SLJ as a diagnosis when an ambulating, early adolescent patient
presents with a history of insidious onset of knee pain at the inferior patella,
especially if pain is worsened with physical activity.

e SLIJ should be distinguished from a patellar sleeve avulsion fracture, a car-
tilaginous injury at the inferior pole of the patella associated with an acute
injury that removes a child from participation. Common findings of patel-
lar sleeve fractures include a knee effusion, loss of the extensor mechanism
of the knee, and a high degree of pain. X-ray may reveal a patella alta
deformity and a fragment at the inferior pole of the patella. MRI can help
distinguish between the two conditions, if not immediately apparent [8].

Chapter Summary

SLJ is a common cause of insidious onset of knee pain in early adolescent active
children. It is an apophysitis affecting the growth center at the inferior pole of the
patella with surrounding soft tissue swelling commonly extending into the proximal
patellar tendon. Diagnosis is made by tenderness at the site on physical exam and an
open apophysis on radiograph with associated swelling. Treatment consists of
ensuring pain relief, commonly with relative rest and assisted by a patellar tendon
strap; improving flexibility of the surrounding musculature; and ensuring good bio-
mechanical alignment at the knee.
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Suggested Websites

https://www.nationwidechildrens.org/specialties/sports-medicine/sports-medicine-
articles/why-does-my-knee-hurt-article

Review Table

Sinding-Larsen-
Johansson Syndrome

Description An apophysitis of the inferior pole of the patella
Epidemiology Common in children ages 10-14 who are physically active

Mechanism (common) | An overuse injury associated with running and jumping, but
occasionally due to blunt trauma

History and exam Insidious onset of pain at the inferior pole of the patella, worse with

findings physical activity, tender to the touch and sometimes with associated
swelling

Management A counterforce patellar tendon strap, stretching of the quadriceps,

hamstrings and calves, consider biomechanical analysis to ensure good
knee alignment
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Chapter 9
Patellar Sleeve Fracture

Steven Cuff

Pathology and Dysfunction

A patellar sleeve fracture can be described as an avulsion of a small fragment of
bone, and/or periosteum, retinaculum, and cartilage, which typically occurs at the
inferior pole of the patella [1, 2]. Articular cartilage is pulled from the deep surface
of the patella and periosteum and cartilage from the superficial surface [3].

Specific Pointers
Epidemiology

Patellar fractures, in general, are rare in children, comprising only about 1% of all
fractures [3-5]. This is likely the result of the high ratio of cartilage to bone and
increased mobility of soft tissues in the pediatric knee [5]. Sleeve fractures, how-
ever, account for the majority of such injuries, reported at between 42—72% of all
patellar fractures [1, 3, 5]. Patellar sleeve fractures are unique to the pediatric and
adolescent population, seen most commonly between 8 and 16 years of age, with a
peak incidence of 12.7 years [3, 6]. It is thought that this age group is most suscep-
tible, due to rapid growth with osteochondral transformation at the periphery of the
patella, relative patellar instability, and a high intensity of sporting activity [3].
Patellar sleeve fractures predominate in males with a ratio of between 3 and 5:1 [3,
4]. Injuries typically occur in activities involving explosive acceleration, such as
jumping, or in high energy sports, like skateboarding [3].
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Mechanism of Injury

The most common cause of patellar sleeve fracture is a rapid contraction of the
quadriceps muscle, while the knee is in a flexed position [1, 3, 5, 6]. Jumping is typi-
cally cited as an inciting mechanism [3, 5, 7], although case reports also describe
falls [2, 4, 8] and biking accidents [1, 8].

Diagnosis

Kids with patellar sleeve fractures typically complain of the acute onset of anterior
knee pain, swelling, and difficulty straightening their leg [1, 5]. Exam findings
include tenderness to palpation over the extensor mechanism, a joint effusion, and a
limp. Patients will have difficulty performing a straight leg raise or may be com-
pletely unable to do so. A high-riding patella and a palpable gap at the inferior pole
of the patella may be present [3, 7]. Plain radiographs may be helpful in making the
diagnosis, with a lateral x-ray of the knee being the most likely to show pathology.
X-rays may reveal a patella alta, a fracture line through the patella, and/or a small
fragment of bone distal to the inferior pole of the patella [S]. MRI can be utilized, if
there is a high clinical suspicion of patellar sleeve injury, despite normal x-rays, or
to assess the full extent of injury in known sleeve fractures [6]. Ultrasound has also
been described as a cost-effective and safe tool for visualizing patellar sleeve frac-
tures [9].

Management

Treatment of patellar sleeve fractures depends upon the amount of displacement of
the avulsed bony fragment. If the fracture is nondisplaced or minimally displaced
(<2 mm), then conservative treatment with a cylinder cast with the knee in exten-
sion for 4-6 weeks may be considered [1-3]. For displaced fractures, surgical cor-
rection with open reduction and internal fixation is the treatment of choice [1, 2].

Demonstration Cases

Common Presentation

A 12-year-old boy presents to the ED after injuring his knee that day during a track
meet. He reports the sudden onset of right, anterior knee pain after landing with his
knees flexed during the long jump. He is unable to bear weight without significant
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discomfort and notes that his knee is swollen, and he is having difficulty straighten-
ing his knee. On exam, he walks with a limp and has an obvious effusion. His patella
appears high-riding, and he is tender to palpation over the patella and patellar ten-
don. A palpable gap is apparent with palpation at the inferior pole of the patella.
X-rays reveal patella alta and a bony fragment displaced 1 cm inferiorly from the
base of the patella. MRI confirms the diagnosis of patellar sleeve fracture, and the
patient is referred to orthopedics for open reduction and internal fixation of the dis-
placed fracture fragment.

Uncommon Presentation

An 8-year-old girl presents to sports medicine clinic with a 9-month history of right
anterior knee pain. She initially injured her knee, when she fell while riding her
bike. She was seen in Urgent Care at the time and diagnosed with Sinding-Larsen-
Johansson syndrome, when x-rays showed an irregularity at the inferior pole of her
patella. Mom reports that she limped after the fall for a few weeks but then symp-
toms improved; however, the girl has complained of anterior knee pain since the
injury with prolonged walking and climbing stairs. The pain is worse with running,
jumping, and riding her bike, and she is still unable to straighten her knee fully. On
exam she has a somewhat high-riding patella on the right compared to the left side
and a firm density palpable inferior to the patella. She lacks ~5 degrees of extension
on the right. X-ray reveals abnormal bony formation along the patellar tendon. She
is referred to orthopedics for consideration of surgical management of an old patel-
lar sleeve fracture.

Pearls and Pitfalls

* A palpable gap in the patella may be present on exam in significantly dis-
placed fractures; however, this can be difficult to assess in a very swollen
knee [2].

* Some patients may still be able to extend their leg actively following a
patellar sleeve fracture, due to the presence of a posterior cartilaginous
hinge or a cartilaginous sleeve attached to the patella [1].

* Because much of the avulsed fragment is comprised of non-ossified carti-
lage, x-rays can significantly underestimate the extent of damage or even
miss patellar sleeve fractures altogether [5, 8, 10].

» Complications of patellar sleeve fractures include limitation in knee flex-
ion, extensor lag, patella alta, quadriceps atrophy, anterior knee pain,
development of ectopic bone within the knee and avascular necrosis [1, 2].
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Chapter Summary

Patellar fractures in children are uncommon; however, sleeve fractures comprise the
majority of such injuries, are unique to the pediatric and adolescent population, and
are more common in boys. They are typically caused by a rapid contraction of the
quadriceps muscle, while the knee is in a flexed position, often while jumping or
during a fall. These injuries most commonly present with the acute onset of anterior
knee pain, swelling, and difficulty straightening the leg and with a limp, tenderness
to palpation over the extensor mechanism, an effusion and often an extensor lag on
exam. A high-riding patella and a palpable patellar gap may be present, as well. A
lateral knee x-ray is helpful in making the diagnosis but can underestimate some
injuries, so MRI or ultrasound should be utilized, if there is a high index of suspi-
cion of patellar sleeve fracture. Minimally or nondisplaced fractures can be treated
conservatively with casting, while displaced fractures require surgery.

Table for Review

Condition Patellar sleeve fracture
Description Avulsion fracture of bone and cartilage from inferior pole of patella
Epidemiology Most common between 8—16 years old
Males > females
Mechanism Rapid contraction of quadriceps with knee flexed
(common) Jumping, falls
History and exam Acute onset of anterior knee pain
findings Swelling/effusion
Limp

Extensor lag
High-riding patella
Palpable patellar gap with significant injuries

Management Nondisplaced/minimally displaced fracture: cylinder cast with knee in
extension for 4-6 weeks
Displaced fracture: open reduction & internal fixation
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Chapter 10
Patellofemoral Pain Syndrome

Peter Gerbino

Introduction

Patellofemoral pain syndrome (PFPS) is the most common diagnosis for anterior
knee pain in pediatric and adolescent patients [1-4]. It is much more common in
adolescent females than males [5]. Unfortunately, there are many causes of anterior
knee pain, and without a precise physical examination it is not possible to identify
the source or sources of that pain accurately. Too often, the default diagnosis for
many of these conditions becomes PFPS.

If that were not bad enough, PFPS has gone by many other names, such as chon-
dromalacia patella, anterior knee pain, idiopathic knee pain, and others. Even worse,
many clinicians believe that PFPS has unknown causes and poor treatment options.

Anatomy

The anatomy of the knee is central to understanding the various pathological pro-
cesses. The patellofemoral mechanism consists of the quadriceps tendon, the patella,
the femoral trochlea, the patellar tendon, the tibial tubercle, and the medial and lat-
eral retinaculae (Fig. 10.1). Every one of these structures is innervated with pain
fibers with the notable exception of the articular cartilage [6—8]. That means that
PFPS pain can theoretically originate in one or more of those structures, but not
from the patellar cartilage or femoral trochlea cartilage.

In the optimal situation, the patella would be centered within the trochlea and
engage the trochlea at about 30 degrees of flexion [9]. The medial and lateral reti-
naculae and muscles would be evenly balanced and the quadriceps muscles would
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Fig. 10.1 Anatomy of the patellofemoral mechanism. All structures are innervated except the
articular cartilage

allow full flexion without excessive tension. This is never the case. Patellae tend to
track laterally; there can be patella alta or infera; there can be hypermobility; and
the quadriceps muscles can be tight. Despite these variations in anatomy and
strength and tension, not everyone develops PFPS. As is true throughout the body,
variable stress from differing anatomic alignments leads to cartilage and bone
toughness in proportion to these stresses. This is an important concept, as many of
the treatment protocols involve altering these anatomic variations.

Understanding the functions of the patella is also critical to understanding the
possible pathologies. The patella functions as a lever, a pulley, a friction reducer,
and a shock absorber. As a lever, it acts to increase the moment arm of the extensor
mechanism [9]. It alters the direction of the quadriceps action, a pully function [10].
The articular cartilage functions to provide a smooth gliding surface with the femo-
ral trochlea. Finally, the patella has a shock-absorbing function. It has the thickest
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articular cartilage [11-13] and subchondral bone [11, 14-16] in the body. It sees
forces 6.5 times body weight [17]. It has been shown to compress under physiologic
loads [18].

Another concept that is central to understanding PFPS is stress vs. force. Stress
is force divided by area. In the patella, stress and pressure are similar. Stress is what
leads to stress fractures, increased pressure, and stress-deformation of a structure.
Spreading the total force of patellofemoral compression over a broader area
decreases focal stress, whereas lateral tracking focuses stress to one part of the
patella. This concept is the basis of our understanding of what causes PFPS and how
to treat it.

Pathology

The first task is to identify the source or sources of pain. Because there are many
potential pain sites and because they are all very near to one another, it is easy to
incorrectly identify a particular painful site. If all sites are not examined, all sources
of pain cannot be addressed. That situation will frequently lead to oversimplified
diagnoses, standardized treatment, and frequent treatment failures.

In a prospective study of 100 consecutive patients with new onset anterior knee
pain, we examined the patella, medial and lateral retinaculae, proximal and distal
soft tissues, as well as other standard knee structures. We found that loading the
patella by pressing it into the trochlea was painful in the majority of patients. This
duplicated the pain experienced by climbing stairs, squatting, and jumping. We also
found that this patella pain was frequently accompanied by pain in the medial reti-
naculum and/or by pain in the anterior soft tissues [19]. These findings have been
augmented by Luhmann, ef al. who retrospectively determined that a large number
of those with PFPS had pain in the medial patellofemoral ligament portion of the
medial retinaculum [20]. These findings confirm what the members of the
International Patellofemoral Study Group (IPFSG) have stated, namely that PFPS
originates in the patella subchondral bone nerve fibers and can be accompanied by
pain in the retinaculae and anterior fat pad [21]. Others have found neoinnervation
in the lateral retinaculum of some patients with PFPS accounting for some pain [22].

If we assume that the three most likely components of PFPS are patella subchon-
dral bone pain, medial soft tissue pain, and fat pad pain, we can assess and manage
each as needed. For the patella subchondral bone pain fibers to fire, they must be
distorted or experience increased intraosseous pressure (stress). The increased pres-
sure theory was first proposed by Lemperg and Arnoldi in 1978 [23]. A second
study found that there were elevated intraosseous patella pressures in painful knees
[24]. Others have found elevated intraosseous patella pressures associated with
patellofemoral pain [25]. Unfortunately, osteotomizing the patella to decrease pres-
sure did not cure PFPS [24]. This means that increased intraosseous pressure may
not be a primary cause of PFPS but rather a secondary result of another source of
patella stress. It turns out that compressing the patella not only deforms the bone but
also increases intraosseous pressure [18, 24, 25]



78 P. Gerbino

The theory of patella compression causing the patella component of PFPS con-
forms to most of the published findings. Ficat determined that lateral compression
of the patella was painful [26]. It explains why activities with high patella compres-
sion force, such as climbing stairs, squatting, running, and jumping, are painful. It
explains why decreasing total force or by redistribution of patellofemoral stresses
with braces or taping relieves pain.

If patella compression is the cause of PFPS pain, the next question is why do some
patellae become painful and not others, given that most do not have ideal mechanics.
It has been speculated that most patellae accommodate to their mechanics and develop
thick enough cartilage and subchondral bone that they do not distort enough under
pressure to cause pain. This homeostasis can be disrupted by a single excessive force
or repetitive sub-injurious loading. That explains why a runner with no history of
knee pain can develop PFPS during a marathon. This would mean that PFPS patella
pain could arise from a single traumatic overload or multiple sub-threshold compres-
sions or be the result of a patella that can elastically compress to the point where the
subchondral bone nerves and pressure sensors are stimulated. It would mean that
PFPS is a subchondral patella stress fracture or results from elastic patella subchon-
dral bone deformation. In both cases, the treatment would be to decrease localized
stress and total compressive forces and to strengthen the patella subchondral bone.

The “Theatre Sign” or pain in the patellofemoral mechanism after sitting with
the knee flexed for an extended period of time is common in PFPS. It has been theo-
rized that this situation can be explained by tension in the soft tissues [20, 22, 27].
Another possible explanation could be that the patella is under continuous compres-
sion while sitting increasing deformation and intraosseous pressure to the point
where the nerves become stimulated [25]. Extending the knee relieves the pressure
and the pain resolves.

These concepts align with the “Patellofemoral pain consensus statement” from
The International Patellofemoral Study Group concerning the causes of pain in
PFPS [21].

Pathology in the medial soft tissues, when it exists with patella pain, could be
from tension in the MPFL [20], medial plica rubbing on the medial femoral condyle
and/or medial femoral condyle synovitis.

Pathology in the fat pad comes from enlargement, synovitis, and impingement.
These occur typically after prolonged knee inflammation. Fat pad syndrome is
described extensively in another chapter.

Epidemiology

PFPS occurs in two main populations, adults with osteoarthritis and adolescents.
Thirty percent of adolescents will develop PFPS [28]. Adolescent females will
develop PFSS 2-10 times more often than males [28]. If patella compressive over-
load is the cause of PFPS, anything that causes generalized patella loading or leads
to asymmetric patella overload can be implicated. A partial list of possible factors
that may be involved is presented in Table 10.1.
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Table 10.1 Factors that can Increased running mileage
lead to generalized or
asymmetric patella overload

Increased jumping

Running stairs

Poor shock absorption (shoes, surface,
muscles)

Anatomic variations

Positive J-sign

Increased Q-angle

Genu valgum
Patella Alta
Patella infera

Lateral patella tilt

Hyperlaxity

Quadriceps weakness
Hip external rotators, abductor weakness

Tight hamstrings

Foot pronation

Sports with a higher incidence of PFPS are those with higher demands on the
patellofemoral mechanism and more jumping. These are the running sports, basket-
ball, volleyball, and sports with squatting, such as weightlifting.

Mechanism of Injury

In PFPS, the exact mechanism of injury remains unknown. Despite the lack of clear
scientific proof, what is clear is that loading the patella with compressive force is
causative. We know what makes the pain worse and we know which interventions
decrease pain, so we know that altering patellofemoral compression helps. This can
only mean that the mechanism of injury is too much or too focal patellofemoral
loading, leading to patella subchondral stress fracture or compression as the source
of pain.

Mechanisms of injury for the pain arising in the soft tissues are also poorly
understood. A mal-tracking patella could put excess tension on the medial capsular
structures. An enlarged fat pad could impinge anteriorly. All soft tissues could
become painful from neoinnervation after chronic patellar pain.

Diagnosis

The medical history in PFPS can be variable. Most typically, patients will be ado-
lescent females who state that their knees have been painful for months to years.
Pain is noted on ascending and descending stairs, running, jumping, and squatting.
Conversely, the pain could have come on acutely after a long run or an increase in



80 P. Gerbino

training requiring jumping or squatting. Many will report a positive Theatre Sign
with patella pain after prolonged sitting.

The physical examination requires a stepwise progression, testing all possible
sites of pain and instability. Reserving palpation of the most painful sites for last is
always a good strategy. Begin by looking for an effusion or localized edema. Next,
assess range of motion, varus and valgus laxity, Lachman and patella mobility.
Mobility means how many quadrants the patella can be displaced medially and lat-
erally and whether there is apprehension. If increased mobility is found, test for
generalized hyperlaxity. Note whether there is patella alta or infera, lateral tracking,
a J-sign, an increased Q-angle, and any crepitus with motion. Test quadriceps and
hamstring strength and hip abductor and external rotator strength [29]. Finally,
assess sites of tenderness. Check the tibial tubercle, patella tendon, iliotibial band,
joint lines, quadriceps tendon, medial and lateral fat pad, medial and lateral reti-
naculae, and patella. The lateral retinaculum should be checked for tightness, as
well as tenderness. The medial retinaculum should be palpated for tenderness in the
medial plica, as well as in the MPFL.

The patella exam can be general, assessing for pain by loading the entire patella
as one presses it into the trochlea. This is different from some tests where the patella
is pressed down and distally as the quadriceps is contracted. That test, sometimes
referred to as the patella compression test, the patella grind test or Clarke’s Sign is
not specific to the patella. It is testing the quadriceps tendon, suprapatellar fat,
patella proximal pole, and trochlea. Pressing just the patella into the trochlea limits
the test mainly to patella subchondral bone nerves. Performing patella compression
with a small bump under the knee eliminates any hypertrophic suprapatellar fat that
might impinge and confound the test results (Fig. 10.2).

The patella examination can be further refined. The lateral facet, medial facet,
and proximal and distal poles can be individually compressed, isolating each of
those sites. Pain elicited with selective compression of the lateral facet isolates the
patella damage to that side. This specificity helps determine which interventions
will be most effective.

Fig. 10.2 Examination of | 4
the patella. Simple
compression of the patella
into the trochlea isolates
the possible sites of
tenderness to the patella
subchondral bone and
trochlea. Flexing the knee
30 degrees ensures that the
suprapatellar fat is not
within the

patellofemoral joint
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Imaging studies have not been very helpful in PFPS. Radiographs can show lat-
eral patella tilt or pathologies, such as patella osteochondritis dissecans or bipartite
patella. MRI can show an enlarged fat pad or plica and, in some cases, show edema
in the subchondral bone [30, 31]. Bone scintigraphy has been used to identify sub-
chondral stress fracture. The level of detail needed to see these injuries is high, but
patella subchondral injuries in PFPS have been repeatedly documented [32-35].

All elements of the history and physical examination are combined to arrive at a
complete diagnosis. A common pattern will be lateral patella facet pain, MPFL and/
or plica pain and lateral fat pad tenderness. Treatment will be tailored to address
each of those sites.

Management

If one examines which interventions have been helpful in PFPS, it is possible to
understand better the pathological processes in the syndrome. For the pain arising in
the patella, all successful interventions involve either reducing the total patello-
femoral compression force or altering the distribution of those stresses on the
patella. Total force reduction techniques consist of activity modification to limit
stairs, running, jumping, squatting, and bent-knee quadriceps strengthening.
Increased quadriceps strength has been shown to decrease PFPS pain, so straight-
leg isometric quadriceps strengthening is mandatory [36-38]. This exercise also
strengthens the vastus medialus obliquus (VMO), which can help realign a patella
that tracks laterally.

Altering patellofemoral stresses has been a major intervention to treat PEPS suc-
cessfully. Patella bracing, McConnell taping, kinesiotaping, and VMO strengthen-
ing all alter patella tracking, shifting the pressure points to a different or wider
distribution and help treat PFPS [37-39]. This consistent finding lends more cre-
dence to the theory that PFPS is a subchondral stress fracture or bone weakness. If
there is coexistent fat pad syndrome, the patella brace may put pressure on the lat-
eral fat pad causing pain and so would be contraindicated. Since lateral tracking is
the norm, medializing the patella with bracing or taping would also decrease tension
in the medial plica and MPFL, decreasing pain from those structures.

Some patients continue to have patella pain, despite these interventions.
Anecdotally, it has been found that some of these patients have low vitamin D levels
and osteopenia by DEXA [14]. This could mean that their patellae are not stiff
enough to withstand normal compressive forces.

In rare circumstances, surgery is required to treat PFPS. In the past, lateral reti-
nacular release was performed for several types of anterior knee pain. It is now
understood that this procedure is appropriate for situations with excessive lateral
retinacular tightness and/or lateral patella tilt [40]. In situations where patellofemo-
ral pain is the result of recurrent lateral dislocation, lateral retinacular release can be
combined with MPFL repair or reconstruction to realign and stabilize the patella [40].

A painful, fibrotic medial plica can be arthroscopically excised. An enlarged fat
pad can be partially resected. A painful bipartite patella can be excised or
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sometimes made less painful by releasing the lateral retinacular attachments to the
ossicle [41-43].

Patella alta, patella infera, and severe lateral tracking are more difficult to treat.
If non-operative methods are not effective, these conditions can be treated surgically
by patella advancement, recession, or anteromedialization of the tibial tubercle and
anterior tibial bone [44, 45]. The Fulkerson anteriomedialization of the patella ten-
don attachment site realigns the patella in the trochlea, shifting focal stresses and
elevates the tibial tubercle, decreasing patellofemoral compression force [45].
Measuring the tibial tubercle to trochlear groove (TT-TG) distance has been
advanced as a method to determine how much to correct patellar mal-tracking [46].
After any operation, regaining quadriceps, hamstring, and hip strength is critical for
optimal success.

Demonstration Cases

Common Presentation

A 14-year-old female presents with a 6-month history of anterior knee pain. There
was no trauma. She plays volleyball and notes sharp anterior pain with running,
jumping, and climbing and descending stairs. She has the same pain if she sits in a
car or at a movie for more than 1 hour.

Physical examination shows decreased quadriceps strength and a laterally track-
ing patella with a normal Q-angle and no J-sign. There is no effusion and range of
motion is —20 to 140 degrees with no pain. The patella translates 2 quadrants medi-
ally and laterally, but there is no apprehension. Beighton hyperlaxity exam shows
her to be level 4. There is no varus or valgus laxity and Lachman test is negative.

The patellofemoral exam shows lateral tracking with a “bayonet” attachment to
the tibial tubercle. There is exquisite pain with loading the lateral facet of the patella.
There is milder pain in the MPFL to palpation. The medial plica is non-tender. The
lateral fat pad has mild tenderness. Radiographs demonstrate no patella tilt, patella
alta, patella infera, bipartite patella, or osteochondral injury.

Diagnosis: PFPS with MPFL and fat pad secondary irritation. Initial treatment is
decreased running and jumping, a medializing patellofemoral brace and straight-leg
raising exercises until 10 1bs. can be raised easily. If symptoms persist, hamstring
and hip strengthening exercises are added. The brace is discontinued when symp-
toms are resolved.

Uncommon Presentation

An 18-year-old male presents with 2 weeks of anterior knee pain. He has had no
past history of knee pain. Symptoms began during a half marathon in the last few
miles of the race. Pain is severe and walking is now painful. He cannot run, jump,
or climb stairs. He has had no locking or giving way.
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On examination there is no effusion. Range of motion is normal but painful in the
range of 110-130 degrees of flexion. The only point tenderness is with compression
of the patella medial facet. Quadriceps, hamstring, and hip strength are excellent
and symmetrical bilaterally. There is no lateral tracking or patella alta. Radiographs
are normal.

Diagnosis: PFPS, most likely occult subchondral stress fracture of the medial
facet. Treatment is relative rest, so that there is no pain. Bracing or taping is added
to unload the medial facet, and steps are taken to ensure adequate calcium and vita-
min D in the diet to allow optimal bone healing. Pain should resolve in a few weeks,

and patella bone strength should improve over 6—8 weeks.

Pearls and Pitfalls

* The majority of pain in PFPS arises in the patella subchondral bone.

* Suboptimal patellofemoral mechanics do not cause PFPS but can be modi-
fied to decrease PFPS pain.

* Secondary sources of pain can be the medial soft tissues and fat pad.

* PFPS results from excessive patella compression forces.

* Failure to address all sources of pain leads to treatment failure.

* Decreasing patellofemoral forces and altering patella stresses leads to pain
relief and healing.

* Hip and knee muscle strength, as well as bone strength, must be optimized.

* Surgery is rarely required.

* When surgery is required, changes in tracking and pressure are most
beneficial.

Summary

PFPS is extremely common and leads to a large amount of medical care. A consis-
tent pathological lesion has not been identified, but the common sites of pain and
methods that reduce that pain present a theory that is reproducible. The most logical
conclusion is that patella deformation in compression causes most patellofemoral
pain and that medial soft tissues and an enlarged fad pad can add to the pain sources.

Successful treatment involves identifying all the sources of pain and addressing
each. Decreasing patella compression forces, altering the stressed areas of the
patella subchondral bone, and improving the strength of the patella subchondral
bone all contribute to resolving PFPS.

Condition Patellofemoral pain syndrome
Description Patella deformation in compression

Epidemiology 30% of adolescents will get PFPS
Adolescent females are 2—10 times more likely than males to develop PFPS
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Condition Patellofemoral pain syndrome

Mechanism Excessive patella compression forces

(common)

History and exam | Chronic anterior knee pain (esp. with climbing stairs, running, jumping,
findings and squatting)

Acute anterior knee pain after significant training episode (ex. long run)
Composite exam — test all possible sites of pain and instability; common
pattern = lateral patella facet pain, MPFL and/or plica pain and lateral fat
pad tenderness

Management Decrease patella compression forces

Alter the stressed areas of the patella subchondral bone
Improve the strength of the patella subchondral bone
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Chapter 11
Osgood Schlatter’s Disease

Matthew Sedgley

Anatomy and Normal Function

The extensor mechanism of the quadriceps, quadriceps tendon, patella, and patellar
tendon form a kinetic chain that attaches at the tibial tuberosity. The extensor mech-
anism of the pediatric or adolescent knee is different from that of an adult. While
there are still the same bones, open growth plates are present. In general, a growth
plate is a metabolically active zone of the bone that allows pediatric patients to con-
tribute to their growth. Primary ossification centers in the leg that typically help
with height gain are located at the diaphysis of bones and are developed prenatally.
Secondary ossification centers develop postnatally. One such secondary ossification
site, called the tibial tuberosity apophysis, is at the attachment of the patellar tendon
to the tibia [1].

The tibial tuberosity develops from being completely cartilaginous, usually at
age 10 or less, to an apophysis from ages 11 to 14, to complete bone via fusion
proximally with the tibial epiphysis from ages 14 to 18. Due to its cartilage nature
in youth, the tibial tuberosity is the weakest point along the extensor chain, as
opposed to the patellar tendon being weakest in adults.

Pathology and Dysfunction

The pathology of Osgood Schlatter’s Disease (OSD) starts with rapid bone growth
in the leg at the distal femur and proximal tibia. The elongation of the femur can
cause pulling at the apophysis. Repeated use of the quadriceps extensor mechanism

M. Sedgley (P)
MedStar Union Memorial Hospital, Westminster, MD, USA
e-mail: matthew.d.sedgley @medstar.net

© Springer Nature Switzerland AG 2021 87
N. Coleman (ed.), Common Pediatric Knee Injuries,
https://doi.org/10.1007/978-3-030-55870-3_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-55870-3_11&domain=pdf
https://doi.org/10.1007/978-3-030-55870-3_11#DOI
mailto:matthew.d.sedgley@medstar.net

88 M. Sedgley

(e.g., running, jumping sports, leg extensions) places further tension at the tibial
tuberosity. This repeated stress could initially cause pain and inflammation, result-
ing in inflammation of the cartilage. This is referred to as osteochondritis. In more
severe cases, and with continued repetitive stress upon the apophysis, the tibial
tuberosity may fragment. A load of excessive use during growth makes this condi-
tion more likely [2].

Epidemiology: Age, Gender, Common Sports

Without large databases, the exact epidemiology of OSD is hard to pinpoint. OSD
is, however, a condition of skeletally immature athletes. Both girls and boys experi-
ence OSD during growth spurts, girls from age 8 to 13 and boys from age 10 to 15.
Common sports with affected athletes include lacrosse, basketball, soccer, figure
skating, and gymnastics. Symptoms are reported bilaterally in 20-30% of cases [2].
Given that equal numbers of boys and girls present with OSD to general practice
clinics in the UK, there appears to be no role of gender being a true risk factor [1, 3].

Mechanism of Injury: Common/Likely, Uncommon/
Less Likely

The mechanism of OSD is often associated with a running or jumping sport in a
skeletally immature knee joint [4]. This is because these sports require adolescent
athletes to contract their quadriceps muscles more frequently. This contraction
increases the forces along the extensor mechanism. As mentioned above, this pull-
ing, coupled with rapid growth, places stress at the tibial tuberosity. This repetitive
injury eventually can cause irritation and micro-trauma [5]. When not addressed
with rest, the area can become inflamed and enlarged. In severe cases the apophysis
can fragment. Less commonly, one sudden traumatic event (e.g., a sprint, landing on
the tibial tubercle, or significant leap) can aggravate the underlying condition.
Medical providers must be cautious in these scenarios to exclude other causes of
pain caused by the trauma.

Diagnosis: History and Exam Findings, Testing

Diagnosis of OSD is predominantly clinical. There is a history of a sport that
involves running or jumping, coupled with anterior lower knee pain. There is no
history of instability, loss of range of motion, or swelling. The tibial tubercle is often
enlarged in the affected knee on inspection. There is no history of fevers or chills,
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suggesting osteomyelitis [6]. There is also no night pain or unexplained weight loss
to suggest malignancy [7].

Children with OSD are tender to palpation at the tibial tuberosity [8]. There is no
tenderness of the patella. Athletes do not report hip pain and have a normal hip
examination. There is often a report of overuse in jumping or running sports [5].
Physical examination may reveal pain with single leg hop on the affected side.

Radiographs may be helpful, as they can show widening or fragmentation of the
growth plate and exclude other diagnoses. While not required, radiographs are help-
ful in excluding tumors, both benign and malignant. Failure to respond to a trial of
conservative care is the most commonly recommended indication for radiographs
[6]. Magnetic resonance imaging (MRI) may be helpful in grading severity but is
not often required, unless suspicion exists for other causes of anterior knee pain,
such as a stress fracture from overuse. If the condition is recurrent, MRI may be
useful in distinguishing acute conditions, like a bone stress injury, from chronic
situations, like recurrent OSD.

Newer technologies, like portable musculoskeletal (MSK) ultrasound (US)
machines, are being used more often [9]. US can easily be used in the clinic at the
time of the visit. It is very cost-efficient and may be used on the contralateral side
for comparison. Additionally, there is no radiation. Similar to x-ray and MRI, US
may not be necessary for diagnosis of OSD. Due to radiation, computed tomogra-
phy (CT) and bone scan with SPECT (single photon emission CT) are not recom-
mended unless another diagnosis, like stress fracture, is being considered and MRI
is not an option [9, 6].

Management

Patients with OSD often respond to a course of rest for a few weeks. While simple,
this is the mainstay of treatment protocols. True rest can be challenging, as these
athletes are often used to being active many hours a week in one or more sports. Rest
and activity modification reduce the stress and load generated with knee extension
activities. This, in turn, gives the apophysis a break from these forces to heal. Icing
can be also helpful. Some sources recommend an infrapatellar strap which may be
of some help with pain, but there is not evidence in the literature to support this.

Gentle stretching of the thigh muscles and over-the-counter analgesics (e.g., ibu-
profen or acetaminophen) generally decrease the pain over a few weeks. Many cli-
nicians also recommend patellar straps for the pain; however, their effectiveness in
the literature has not been proven or disproven. Athletes with severe pain may take
months to recover, and cases lasting 12 to 24 months have been reported [8]. Rest
and reassurance with education is important to share with the patient and parent as
part of treatment.

Other less commonly used treatments for OSD include steroid injections and
surgical intervention. Steroid injections are discouraged, as the risks outweigh the
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benefits. Steroid injections increase the potential for infection, bleeding, pain, and
reactions to the injectate. In addition, subcutaneous fat atrophy may occur [5].
Allergies to lidocaine or other anesthetics could also be a concern. Steroids, even if
helpful for pain relief, have an effect that wears off in a few weeks. If the tibial
tuberosity has fragmented and that fragment is causing irritation, despite a trial of
rest and activity modification, surgery with arthroscopic removal of the fragment
may be helpful; this is rarely required, unless the pain persists beyond 2 years [0,
10, 11].

Case reports have presented ortho-biologicals (e.g., autologous blood products,
such as platelet-rich plasma, PRP) as novel treatments for patients with recalcitrant
presentations. Such options would carry risks similar to steroid injections, without
the risk of reacting to a foreign substance. As these procedures are often cash-only
procedures, their general availability is relatively low. Case reports in the literature
are confounded, as the patients receiving the PRP had also received patellar tendon
straps, taping, and physical therapy [8].

Demonstration Cases

Common Presentation

A 14-year-old male presents to the sports medicine clinic with his mother complain-
ing about right anterior knee pain for 6 weeks. His pain is located at the anterior
proximal tibia. The area of pain is enlarged, compared to his left knee. He denies
swelling in the joint, trauma, and instability. There is no hip pain or limping. He
denies fevers, chills, and night pain. His pain is better with ice and rest. Returning
to year-round soccer, basketball, and lacrosse makes the pain worse. On examina-
tion there is no effusion, but the tibial tubercle is enlarged on the right leg versus the
left. Palpation reveals tenderness at the tibial tuberosity of the right knee only.
Range of motion is normal. There is no ligament laxity on physical examination.
McMurray’s grind test is normal. Gait is normal. No radiographs are performed.

Uncommon Presentation

A 15-year-old tennis player presents with bilateral anterior knee pain. She plays
6 days per week for many hours each session. She has a healthy diet and reports
normal menstruation. She was diagnosed with OSD in the past, and periods of rest
have kept the pain away. A full recovery had been made last year. She has recently
increased her practice time with a new coach and now notes significant swelling at
the patellar tendon insertion at the tibial tuberosity. She has tried patellar straps, ice,
and rest. She denies numbness, fevers, and chills. Examination is benign without
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laxity of the ligaments and with normal range of motion and excellent symmetric
strength. Kneeling is painful. She has bilaterally enlarged tibial tubercles. X-ray
shows fragmentation of the tibial tuberosity, best seen on the lateral view. Due to the
recurrent nature of the knee pain bilaterally, an MRI was performed, showing no
ligament, tendon, or meniscus injury; however, there was evidence of inflammation
seen in the tibial tubercle, best seen on the axial views. No stress fracture or tumors
were seen.

Pearls and Pitfalls

While knee pain is a common presentation in adolescent athletes, not every
presentation can be assumed to be from OSD. Even if the patient presents
with a history of overuse, OSD should not be the sole consideration. Hip
pathology could possibly present with a history of limping; slipped capital
femoral epiphysis (SCFE) may present with knee pain. A patient with tears to
ligaments, tendons, or cartilage may present with knee pain but also with a
significant effusion. Neoplasms of the distal femur and knee joint may present
with pain and other symptoms, like night pain. Other conditions of internal
knee derangement, like an osteochondral defect (OCD) or meniscus tear, may
be the source of pain, when there is a history of knee instability, such as buck-
ling, locking, or giving out.

While OSD may be made worse with a sudden traumatic event, it usually
presents over time. On physical examination the location of knee pain is ante-
rior, and there is tenderness at the tibial tuberosity [4]. It should be empha-
sized that rest of the knee helps, and hip examination is normal. Lack of
improvement with rest and time should prompt reconsideration of the etiol-
ogy of the adolescent patient’s knee pain.

Imaging, such as x-ray, is often unnecessary but can often be reassuring,
with the exception of revealing a widened apophysis at the tibial tuberosity.
Physical examination of a patient with OSD should demonstrate normal find-
ings in the hip and the knee, with the exception of tenderness at the tibial
tuberosity [4].

Chapter Summary

OSD is a known cause of knee pain in the skeletally immature athlete. Typically
resulting from overuse, OSD is located at the tibial tuberosity. Diagnosis is often
clinical; excluding other potential diagnoses is key. Imaging, if warranted, may help
exclude other suspected causes of knee pain or grade the severity of OSD. Treatment
mainly involves the use of rest, ice, and gentle stretching. The duration of OSD pain,
while often only a few weeks, can last many months. Outside of the potential for
painful ossicles developing, the pain of OSD typically does not return, when the
growth plate fuses.
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Suggested Helpful Websites, Videos, Etc., for Readers
to Obtain Additional Information

https://www.aafp.org/afp/2006/0315/p1014.html

https://www.uwhealth.org/sports-medicine/clinic/osgood-schlatter-

disease/10109

https://www.ncbi.nlm.nih.gov/books/NBK441995/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5457541/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5738486/
http://www.aappublications.org/content/14/8/2.5

Chart/Table for Review
Condition Osgood Schlatter’s disease
Description Inflammation at the tibial tuberosity in adolescent athletes that occurs with

high levels of athletic activity prior to the growth plate closing.

Epidemiology Girls from age 8 to 13 and boys from age 10 to 15.

Mechanism Running and jumping sports causing micro-trauma at the apophysis
(common)

History and History is of inferior knee pain at the tibial tuberosity without other findings
exam findings suggestive of internal derangement; Exam is normal except for enlargement

and/or tenderness at the tibial tuberosity.

Management Success is often seen with rest, icing, and gentle stretching of quadriceps.

Rarely, surgery for fragment removal is needed but can be helpful.
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Chapter 12 )
Anterior Cruciate Ligament Injury

Check for
updates

Shelley Street Callender

Introduction

The anterior cruciate ligament (ACL) is one of the four main ligamentous structures
of the knee. It stabilizes the knee from rotational forces and attaches the femur and
the tibia. The anatomical location of the ACL is from the anterolateral femoral con-
dyle to the medial tibial condyle. Knowledge about the ACL has grown over the last
two decades, as the general population becomes more familiar with its structure,
function, potential injures, and rehabilitation. Much of this added awareness is due
to the increased frequency of ACL tears and the high-profile athletes who have suc-
cessfully returned to play after such injuries.

Epidemiology

ACL injury has become one of the most common ligamentous injuries of the knee.
While the skeletally mature athlete can have a mid-substance ACL tear, the young
athlete most often tears the ACL at the origin on the femur. Adolescent females are
1.6 times more likely to have ACL tears per athletic exposure than their male coun-
terparts [2]. A variety of anatomical, biomechanical, and hormonal reasons with
varying levels of evidence have been postulated for this difference, including a
higher body mass index, patella alta, increased quadriceps angle (Q-angle), ligament
laxity, genu valgum, dynamic valgus landing, and unbalanced quadriceps strength
[1,2,5].
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Mechanism of Injury

Most ACL injuries occur during a non-contact landing injury in a contact sport or
during a forced rotation of the knee while making a sudden turn, resulting in rapid
deceleration and external rotation of the knee [1]. The less frequent contact-related
ACL injury, due to direct trauma in contact-collision sports, is seen primarily in
male-dominated sports (i.e., American Football). The athlete will often describe
feeling and/or hearing a “pop” with immediate discomfort and instability of the
knee. He/she often is unable to continue participation. In addition to the sudden pain
and instability, affected athletes will develop rapid knee swelling, due to an effu-
sion, in this case a hemarthrosis, during the first few hours after injury.

On-Field Assessment

The on-field physical examination may be limited in scope by the athlete’s discom-
fort and swelling but must include a neurovascular assessment. For the neurovascu-
larly intact athlete, who has findings consistent with an ACL tear, acute treatment
consists of instating knee immobilization, maintaining a non-weight-bearing status,
and starting cryotherapy. Absence, or decreased intensity, of lower extremity pulses
on the affected side can indicate compromise of neurovascular integrity, which may
suggest a total knee dislocation (i.e., disruption of three or more ligaments in the
knee at one time). As the mechanism of an ACL injury can resemble that of a knee
dislocation, checking the neurovascular integrity of the limb is critical, as a knee
dislocation is a surgical emergency that warrants immediate orthopedic evaluation
and intervention to preserve the integrity of the lower leg.

In-Clinic Assessment

The initial knee effusion and limited range of motion noted on field often remain
present at the follow-up evaluation in the clinic. The degree of motion limitation is
due, in part, to the severity of the knee effusion and can also suggest the length of
time since the injury (ex. chronic injury usually has no effusion). There can be ten-
derness to palpation of the tibial plateau. Quadriceps strength is compromised, and
the anterior drawer and Lachman’s maneuvers should lack a solid endpoint. For
both tests, the knee is in flexion, and the tibia is quickly pulled forward. In the ante-
rior drawer test, the patient lies supine on the table with the hip flexed, the knee at
90 degrees, and the foot planted on the exam table. The examiner sits lightly on the
patients foot and places both hands around the proximal tibia to reach the pulling
position. In Lachman’s test, the patient lies supine on the table with the hip flexed
and knee at 20-30 degrees. The examiner stabilizes the femur in one hand and
places the other hand around the proximal tibia to reach the pulling position. Once
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again, the tibia is quickly pulled anteriorly in the same plane as the joint. A sudden
jerking to a stop (i.e., solid endpoint) reflects an intact ACL, as the ACL prevents
continued anterior motion of the tibia past the femur. The other ligamentous struc-
tures should be intact, unless concomitant damage has occurred. Meniscal pathol-
ogy is present with an ACL injury about 20%—-50% of the time; thus, McMurray
maneuver, a circumduction-based meniscus test, can be equivocal with ACL tears,
as there can be pain with this motion even in the absence of a true meniscus tear.

Diagnosis is highly suggested by the mechanism of injury described above and
by a physical examination consistent with an insufficient ACL. In youth, this injury
can be associated with a tibial or fibular fracture, due to the immature bone develop-
ment and presence of centers of ossification; therefore, knee radiographs, initially
AP and lateral views, are recommended. The definitive diagnosis of an ACL tear is
determined by obtaining magnetic resonance imaging (MRI) of the knee. The child
or adolescent with a suspected or confirmed ACL tear should be referred to a sports
medicine physician or a pediatric/sports orthopedic surgeon.

Management — Surgical

In children and adolescents, damage to the ACL can be partial or complete, but
often both require surgical intervention. One group with an exception to this require-
ment is the skeletally immature athlete or those less than 14 years of age with a
partial ACL tear, as they are often treated non-operatively [7].

There has been controversy surrounding ACL reconstruction methods and timing
following a complete ACL tear. For the skeletally mature athlete, immediate pro-
gression to ACL reconstruction remains the recommended course of intervention.
Previously, for the skeletally immature, the clinician would initiate conservative
therapy until skeletal maturity occurred, after which ACL reconstruction would be
completed. Because of the poor outcomes associated with that management plan,
repair is now typically performed on a timeline similar to that for the skeletally
mature, so as to limit additional damage and long-term problems [6, 9—11]. What
we currently know is that those that wait even 6—12 weeks have greater meniscus
and chondral damage, placing them at higher risk of early arthritis [2, 3]. Currently,
most patients undergo ACL reconstruction within a few weeks of injury. The more
challenging question for the skeletally immature athlete with an ACL tear, and his/
her surgeon, is the type of physeal-sparing surgical intervention or approach. There
are also options for the source and type of graft used to complete the repair. As the
concern for centers of growth no longer exists, the surgical approach for the skele-
tally mature youth athlete is similar to that for an adult. Someone familiar with the
challenges of surgical management should be involved in the conversation with the
family to facilitate the best decision for the athlete.

The predominance of females with ACL injury in sport does not correlate with the
retrospective information gathered regarding those that undergo ACL reconstruction
surgery [4]. In fact, in an epidemiology study from New York State, the number of
males that had ACL reconstruction was equal to the number of females [4]. This may
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be due to increased numbers of males who experience trauma in collision sports or
to a health care disparity between genders, regarding intervention. In this same study,
Dowdell et al. found that those who had public health insurance were less likely to
receive ACL reconstruction than those who had private insurance [4].

Management — Rehabilitation

As sustaining an ACL tear on one side increases the risk for tearing the contralateral
side and experiencing a second tear on the repaired side, rehabilitation and preven-
tion are important to limit or avoid, respectively, the profound long-term sequelae of
having an ACL tear and undergoing reconstruction. Hewett et al. studied preventive
measures and found that a functional rehabilitation program, with improvement of
the dynamic valgus positioning (see image) and hamstring strength, can result in
preventing ACL disturbance. In the group with a prior ACL reconstruction, incorpo-
ration of a prevention program is paramount. ACL prevention programs incorporate
strength training, jump training, and core muscle strengthening. The athletic pro-
grams that incorporate these exercises into their regular warm up and conditioning
program successfully promote an environment of injury prevention [8].

Outcomes

Although more children and adolescents return to play than adults after an ACL tear,
many do not return to their prior level of sport. There is also a higher risk of revision
due to graft failure and of subsequent ipsilateral and contralateral ACL injuries in
pediatric patients compared to their adult counterparts [2]. This is the reason to
stress the importance of primary prevention. As noted previously, it is common to
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have an associated meniscus injury with an ACL tear [3]. Any delay of treatment of
these injuries increases the athlete’s risk of having more extensive meniscus pathol-
ogy and/or chondral pathology of the medial femoral condyle and medial tibial
plateau [2, 3], which raises the likelihood of early arthritis.

Demonstration Cases

Common Case Presentation

A 16-year-old basketball player is going up for rebound and comes down awk-
wardly. She reports feeling a pop and immediate giving out of her left knee. She has
immediate swelling, pain, and discomfort. She is helped off the court by her basket-
ball coach and certified athletic trainer. Her knee is immobilized, and ice (cryo-
therapy) is applied.

She comes into the office wearing a knee immobilizer and using crutches for
ambulation the following day. Her pain is improved with acetaminophen, nonsteroi-
dal anti-inflammatory medications, and cryotherapy. There is a moderate knee effu-
sion on physical examination. She is unable to flex and extend the knee fully. There
is a loose endpoint on anterior drawer and Lachman tests with an intact posterior
drawer, suggesting an ACL disruption. She has an equivocal McMurray. Strength
testing in all directions of the hip and knee are decreased on the affected side. The
remainder of the hip and knee exams are normal.

Complete radiographs are obtained and show no evidence of fracture or disloca-
tion, but there is a large knee effusion. She is encouraged to continue cryotherapy
and the assistance with her ambulation. An MRI is obtained, as you suspect an
anterior cruciate ligament tear. The MRI demonstrates an ACL tear and a small
medial meniscus tear.

The patient is referred to orthopedics for surgical intervention. She is encouraged
to begin working on flexion and extension of the knee and to continue cryotherapy
for pain control. She has a successful ACL and meniscus repair, completes physical
therapy, and returns to sport 9 months later.

Uncommon Case Presentation

An 18-year-old girl is playing intercollegiate basketball. She jumps for a block,
lands awkwardly on her right knee, and falls down. She is slow to get up and run to
the other end of the court, and she continues to play the remainder of the game
without event.

The following day she comes into your office complaining about significant knee
swelling. She denies feeling a pop or giving out sensation in her right knee. She
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reports pain and discomfort that she attributes to the swelling. The pain has been
responsive to the nonsteroidal anti-inflammatory medication she took overnight.

On physical examination, there is a moderate knee effusion. She has limited
flexion but full extension. She has normal valgus and varus stress tests, suggesting
normal medial and lateral collateral ligaments. The anterior drawer test is loose but
does have an endpoint; Lachman test is positive; posterior drawer is intact.
McMurray test causes her significant pain and discomfort. Strength testing is full
and intact without significant abnormality. The remainder of the hip and knee exams
are normal.

Complete radiographs are obtained and show no evidence of fracture or disloca-
tion, but there is a large knee effusion. An MRI of the knee is obtained and shows
complete rupture of the ACL.

The patient is referred to orthopedics for surgical intervention. She is encouraged
to begin working on flexion and extension of the knee and to continue cryotherapy
for pain control. She has a successful ACL and meniscus repair, completes physical
therapy, and returns to sport 9 months later.

Summary

ACL injuries are increasing in frequency [3]. Primary prevention of the first ACL
tear is optimal, as those who have had an ACL tear are at a much higher risk of a
repeat injury. For those with a prior ACL tear, secondary prevention and rehabilita-
tion activities should be pursued. While some risk factors (ex. gender) cannot be
changed, lower extremity neuromuscular function and balance can be improved to
decrease the risk of a tear. Clinicians involved in the care of young athletes should
educate athletes, parents, and coaches about the value of incorporating ACL preven-
tion activities into their sport preparation. Most skeletally immature and mature
patients with a complete ACL tear should have it reconstructed in a timely manner
[3, 7]. For the skeletally immature athlete, there should be consideration for a phy-
seal- or growth plate-sparing procedure.

Condition Anterior cruciate ligament injury
Description Tear (complete or partial) of the ACL
Epidemiology Slight female predominance (1.6:1)
Mechanism (common) Plant and twist injury with knee in valgus

History and exam findings | Athlete felt/heard a pop, when pivoting

Immediate swelling and instability — not able to return to play
Effusion and limited motion on exam

Absent endpoint with Lachman’s and drawer tests

Management Acute symptoms management

Timely reconstruction followed by rehabilitation
Physeal-sparing reconstruction for skeletally immature
Primary prevention is key
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Chapter 13
Patellar Tendon Injury

Kiyoshi Yamazaki

Anatomy and Normal Function

The structure that connects the inferior patella (kneecap) to the proximal end of the
tibia (shin) is the patellar tendon. In reality, this structure is a ligament rather than a
tendon, composed of fibers connecting two bones together, rather than originating
from a muscle body; however, as the superior patella is directly connected to the
quadriceps muscle body by the quadriceps tendon, the patellar tendon indirectly
serves as a teammate in extending the knee joint [1]. Structurally, the patellar ten-
don fibers extend over the anterior aspect of the patellar bone joining the descending
fibers of the quadriceps tendon. The posterior aspect of the patellar tendon rests on
and slides over the infrapatellar fat pad and infrapatellar bursa [1]. In pediatric
patients, it is important to remember that the distal patellar tendon fibers attach to
the tibial tubercle, which is the precise location of repetitive traction on the growth
plate irritated in Osgood-Schlatter’s disease.

Pathology and Dysfunction

Known in layman’s terms as “jumper’s knee,” repetitive eccentric overuse of the
patellar tendon may result in irritation and/or inflammatory changes described as
patellar tendinopathy. Early on in the injury process, this might be labeled tendini-
tis, but we have recently come to understand the histopathology of this type of
overuse tissue injury as a more mucoid degeneration process than simple
inflammation [1, 2, 4]. This means that repetitive overuse that exceeds healing rest
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time can lead to collagen breakdown in the involved tendon [1-3]. The currently
accepted term for this condition is patellar tendinosis or patellar tendinopathy.
Predisposing conditions, like Osgood-Schlatter, Sindig-Larsen-Johanssen, or patel-
lofemoral (pain) syndrome, can be found in pediatric patients complaining of patel-
lar tendinopathy symptoms, either as concurrent diagnoses or as the initial etiology
of their complaint [1, 4].

Specific Pointers
Epidemiology

Because they still have open growth plates, skeletally immature adolescents and
children are less likely to sustain patellar tendon injuries than adults. These patients
still can acquire this pathology, however, with year-round sports participation and
early specialization (i.e., overuse). Pediatric patellar tendinopathy is most com-
monly seen in jumping sports, like volleyball, basketball, and ice skating, especially
in preteens and teens who engage in repetitive submaximal stresses to the tendon
[1-4]. The specific site of injury to the extensor mechanism occurs at the attachment
at the inferior pole of the patella more often than at the tibial tuberosity. Nearly 20%
of jumping athletes complain of this problem at some point in their sports participa-
tion, with a slightly greater incidence in males than females, due to increased load-
ing of the patellar tendon in male athletes [4, 5, 6]. Although the subject of ongoing
research, the gender difference in risk can range from almost equivalent to twice as
likely in male v female athletes [5, 6]. In addition, decreased quadriceps and ham-
string flexibility serves as a risk factor in developing this injury. In contrast to patel-
lar tendinopathy, the presence of tears and complete rupture of the patellar tendon
should prompt providers to consider secondary causes of tissue weakness, such as
performance-enhancing drugs, bone/kidney disease, quinolone use, or trauma [1-4].

Mechanism of Injury

Patellar tendon injury most often occurs as a result of repetitive forceful contraction
of the extensor mechanism of the knee. The eccentric contraction process of con-
trolled lengthening of the tissues under an excessive load is what results in the
microtears within the tissue matrix that develop into patellar tendinopathy. As such,
the landing phase of a jump contributes more to the injury pathway than the take-off
phase [1-4].
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Diagnosis

The history and physical examination of the pediatric patient will provide the main
diagnostic evidence for patellar tendon injury/dysfunction. These patients and their
family members will usually present with insidious onset of anterior knee pain and
tenderness at the proximal patellar tendon. The stage of injury is defined by the
extent of life interference caused by the infrapatellar pain. Early Stage I patellar
tendon injury will be characterized by discomfort after activity/sport, while a Stage
II injury will cause pain at the beginning and end of activity/sport; advanced Stage
IIT injury pain occurs both at rest and during activity/sport. Complete patellar ten-
don rupture, classified as a Stage IV injury, will not be discussed in detail in this
chapter [1-4].

On examination, the patient will report point tenderness at the proximal patellar
tendon, worse with the knee in extension rather than flexion. A positive Basset Sign
describes this phenomenon of tenderness to palpation of the relaxed patellar tendon
and lack of tenderness to palpation of the taut tendon. Activation, as well as over-
stretching, of the extensor mechanism will also elicit discomfort. It is uncommon to
find knee joint effusion, ligament instability, or direct bony tenderness in the pedi-
atric patient with isolated patellar tendinopathy [1-4].

X-ray imaging should typically be normal, aside from occasional proximal cal-
cifications found in more chronic cases or bony changes consistent with concurrent
Sinding-Larsen-Johansson or Osgood-Schlatter’s traction apophysitis. Though not
usually necessary for the diagnosis of patellar tendinopathy, ultrasound (US) and
magnetic resonance imaging (MRI) can display unique findings with this condition.
US will reveal focal hypoechoic regions with enlargement of the tendon and occa-
sional neovascularization in more chronic cases. An MRI may show increased sig-
nal within the deep region of the tendon distal to the patellar attachment [1-4].

Management

The mainstay of patellar tendinopathy management is non-operative, consisting of
ice, relative rest, NSAIDS, counterforce strapping, and physical therapy. This
approach has resulted in pain-free return to activity within 6 months for 90% of
patients with isolated patellar tendinopathy [1-4, 7]. The early phases of rehabilita-
tion should focus on pain reduction, quadriceps flexibility, and isometric strength-
ening; only after symptoms have resolved should rehabilitation progress to eccentric
exercises. While some clinicians advocate for steroid injection in intractable cases,
steroid usage is not recommended, due to the risk of patellar tendon rupture and the
evolving understanding of steroid’s potentially collagen-disruptive effects on ten-
don tissue [1-4, 8]. In more severe or recalcitrant cases, needle tenotomy,
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orthobiologics, or operative tenotomy may be considered. Needle tenotomy, which
involves fenestration (creating multiple windows or holes) of the stalled degenera-
tive tendon fibers, combined with an orthobiologic injection, like platelet-rich
plasma (PRP), can be utilized as a non-operative means of restoring the diseased
tendon. The goal with this technique is to prime the damaged tissue target and then
introduce concentrated autologous bioactive factors to restart the healing cascade.
Surgical tenotomy, the traditional operative version of this procedure (involving
resection, debridement, and reattachment of the damaged tendon), can be performed
if the needle tenotomy and orthobiologic approach fail. Finally, regardless of the
treatment course chosen, once the patient’s patellar tendon has healed from injury
(exhibiting full passive and active range of motion without pain), it is essential to
initiate a preventative exercise protocol to help avoid reinjury and allow for a suc-
cessful return to sport and activity.

Demonstration Cases

Common Presentation

An 11-year-old male volleyball athlete presents to the sports medicine clinic with
about 1 month of left anterior knee pain. He states that the pain came on insidiously
during the season and denies ever feeling a pop or definitive moment of injury. The
pain is worse when he ascends or descends stairs, as well as when he jumps or runs.
Although his pain is relieved temporarily by ice, rest, and oral NSAIDs, it returns
whenever he tries to run quickly or play volleyball. Recently, he has been complain-
ing of this anterior knee pain even at rest. Physical examination reveals point tender-
ness at the proximal patellar tendon, especially when his knee is kept in extension.
There is no joint effusion found, and both ligament and meniscus testing were nega-
tive. On-site x-ray images do not show any acute fracture or dislocation; the growth
plates are open. A counterforce brace was selected and applied to facilitate relative
rest while the athlete remained active, and a detailed sports medicine rehab program
was initiated with physical therapy. This athlete was able to return to play volleyball
immediately, while in the brace, and progressed appropriately to full sports clear-
ance in about 8 weeks.

Uncommon Presentation

A 14-year-old left-handed female cheerleader is accompanied by her mother, as she
presents to the sports medicine clinic with a complaint of 8 months of anterior right
knee pain. The patient states that she first noticed a dull ache inferior to her knee-
caps, when both of her knees began to ache off and on, especially when she would
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kneel or squat down deeply. The family was told these were symptoms of growing
pains that, though irritating, would eventually subside once the patient finished
growing. After joining competitive cheerleading 6 months ago, the patient noted
increased intensity and frequency of her knee pain, right worse than left. While the
discomfort was still anterior, it seemed to move upward toward the inferior pole of
her kneecaps. The pain worsened with tumbling and aerial activities. As she contin-
ued to participate in competitive cheerleading, despite her pain, she noticed knee
discomfort with simple walking to class or getting on and off a chair. Currently, she
avoids any squatting and opts to bend at the waist to pick something up from the
floor. Her only relief comes from rest and avoidance of running, squatting, and
cheerleading stunts. Physical examination reveals point tenderness from the inferior
pole of the patella down to the mid-body of the patellar tendon, especially when her
knee is kept in extension. There is also mild tenderness at the tibial tubercle and,
what appears to be, a bony prominence there. There is no joint effusion, and both
ligament and meniscus testing are negative. On-site x-ray images do not show any
acute fracture or dislocation; the growth plates are open; some micro-fragmentation
at the tibial tuberosity is noted. A counterforce brace was selected and applied to
facilitate relative rest while the athlete remained active, and a detailed sports medi-
cine rehab program was initiated with physical therapy. This athlete was able to
return to play volleyball immediately, while in the brace, and progressed appropri-
ately to full sports participation in about 10 weeks. There was expected residual
tenderness and mild ache at her tibial tubercles, which spontaneously resolved with
the closure of her growth plates around her seventeenth birthday.

Pearls and Pitfalls

e Not all anterior knee pain in pediatric patients is Osgood-Schlatter’s dis-
ease; a thorough history and hands-on examination is essential in making
the complete diagnosis and successful management plan.

* Even for patients with patellar tendinopathy and a baseline of Osgood-
Schlatter’s disease, utilization of counterforce bracing and physical ther-
apy techniques can dramatically relieve patient discomfort and allow return
to sports, while the athlete is still actively growing.

* Bone and joint injuries, such as tibial avulsion or growth plate fractures,
can masquerade as patellar tendon injuries; an effusion, direct bony or joint
line tenderness, and pain with weight-bearing should be absent in pure
patellar tendinopathy. The presence of these findings should raise the sus-
picion for other diagnoses and prompt further workup.

e The presence of a complete tear or rupture of the patellar tendon in the
pediatric patient without a known traumatic injury should signal consider-
ation of secondary causes of tissue weakness such as performance-
enhancing drugs, bone or kidney disease, or quinolone use.
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Chapter Summary

Patellar tendon injury is a fairly common etiology of pediatric anterior knee pain.
While most always a non-surgical injury, this ailment can cause months of morbid-
ity and loss of sports playing time in athletes. For this reason, proper diagnosis
relies on detailed history-taking and a non-presumptive physical examination of the
knee, which will result in a management plan for successful healing and rapid return
to sport for the pediatric athlete. Early recognition of this diagnosis can help clini-
cians avoid unnecessary pain, delay in return to sports participation, and progres-
sion to stalled healing, tendinosis, or tear. Once the patient’s patellar tendon has
healed from injury, it is essential to initiate a preventative rehab protocol to help
avoid reinjury in the future.

Condition Summary Table

Condition Patellar tendon injury/patellar tendinopathy

Description Repetitive overuse injury of knee extensor tendon that can lead to severe pain
and dysfunction

Epidemiology | Boys slightly more than girls, jumping athletes

Mechanism Repetitive forceful eccentric contraction
History and Insidious patella tendon pain and tenderness, especially in extension, without
Exam effusion/instability

Management | PRICE (Protect, Rest, Ice, Compression, Elevation) for acute symptoms,
counterforce strap, PT; avoid steroid injection due to rupture risk.

For intractable cases, needle/surgical tenotomy, orthobiologics may be
considered
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Chapter 14 )
Quadriceps Tendon Injury

Check for
updates

Kelly Davis and Katherine Rizzone

Anatomy and Function

The quadriceps muscle group is made up of four muscles: the vastus lateralis, vastus
medialis, vastus intermedius, and the rectus femoris. All three vastus muscles origi-
nate on the femur. The vastus lateralis originates at the greater trochanter of the
femur. The vastus intermedius is the deepest muscular layer and originates on the
anterior surface of the upper two-thirds of the femur. The vastus medialis originates
at the intertrochanteric line of the femur. The rectus femoris is superficial to the
other three muscles and originates from the pelvis. The rectus femoris has two origi-
nation points: one on the upper rim of the acetabulum and a second on the anterior
inferior iliac spine. All four muscles then converge together to form the quadriceps
tendon that inserts onto the patella. The tendon then continues distally as the patellar
tendon and inserts onto the tibial tubercle.

These four muscles act together to accomplish the quadriceps’ primary function
of knee extension. They also act as stabilizers of the knee, assist in hip flexion (rec-
tus femoris), and assist in internal and external rotation of the knee (vastus medialis
and lateralis, respectively). The quadriceps muscle is the only muscle that acts to
extend the knee joint.

Another important role of the quadriceps muscle is as an antagonist to the ham-
strings. Over-activation of the quadriceps may lead to imbalanced forces on the
anterior cruciate ligament (ACL), potentially increasing the risk of injury. The bal-
ance of activation of the quadriceps with the hamstrings is an important part of ACL
injury prevention.
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In addition to the four primary muscles, there is a fifth muscle called the articu-
larsi genus. This is a small flat muscle deep to the vastus intermedius that is respon-
sible for tightening the synovial membrane during knee extension to prevent
impingement of the synovial tissue between the femur and the patella [1].

The lateral circumflex femoral artery (LCFA) is the primary blood supply to the
quadriceps muscle.

The muscle is innervated by the femoral nerve branches L2-1.4.

Pathology and Dysfunction, Evaluation and Management
Quadriceps Tendinitis

Quadriceps tendinitis is inflammation of the quadriceps tendon from overloading of
the knee’s eccentric extensor mechanism. This leads to microscopic tears in the
tendon, resulting in pain with activity. Risk factors include participating in running
and jumping sports, such as basketball, volleyball, track, long jump, and high jump
[2]. It is most commonly seen in adult male athletes.

On exam, the patient will have tenderness to palpation in the area of the quadri-
ceps tendon, swelling, and pain with resisted knee extension. X-rays and ultrasound
imaging can be performed to rule out other pathology. Magnetic resonance imaging
(MRI) should be obtained, if there is concern for a tendon rupture.

Treatment for quadriceps tendinitis includes rest from the aggravating activity,
ice, anti-inflammatory medication, and physical therapy. Physical therapy typically
focuses on quadriceps muscle flexibility and eccentric strengthening to help allevi-
ate the pain.

Quadriceps Tendon Tear

Quadriceps tendon tears are an uncommon injury (1.37/100,000) [3]. Males are
four-to-eight times more likely to experience this injury than females [3, 4]. Tears
are very rare in the pediatric population and mainly occur in men 40 years of age
and older. Risk factors for a quadriceps rupture include a history of a chronic comor-
bidity, such as diabetes, renal failure, gout, rheumatoid arthritis, lupus, obesity, or
hyperparathyroidism. Anabolic steroids, corticosteroid injections, and fluoroquino-
lone usage can also be associated with tendon ruptures [5].

Rupture of the tendon can occur, due to direct trauma or excessive eccentric
loading of the quadriceps muscle. In athletes, tears are associated with a sudden
forceful contraction of the quadriceps muscle during knee extension. This occurs
when the foot is planted and the knee is slightly flexed. The tendon rupture usually
occurs distally, one to two centimeters superior to the tendon insertion onto the
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superior patella. This area of the quadriceps tendon is a zone that is relatively hypo-
vascular making it more vulnerable to rupture [6].

On exam, there is often pain and swelling at the superior aspect of the patella. In
complete ruptures, the patient will be unable to perform knee extension and there
can be a palpable defect just superior to the patella. In partial tears, the patient will
have pain over the quadriceps tendon and will have difficulty extending the leg
against resistance.

If a tear is suspected, plain films of the femur and knee should be performed to
rule out a patellar or femur fracture. A complete tear of the tendon should be sus-
pected on x-rays, if the patella appears inferior on the lateral view. If concerned, a
contralateral lateral film can be taken for comparison. X-rays will not accurately
visualize the soft tissue of the tendon. An ultrasound and/or an MRI should be per-
formed to evaluate the integrity of the tendon. In complete quadriceps tendon rup-
tures or partial injuries resulting in loss of knee extension, prompt surgical evaluation
and tendon repair is the most appropriate management. A partial tear with an intact
extensor mechanism can be treated with knee immobilization in extension for
6 weeks followed by progressive knee range of motion and strengthening [7].

Quadriceps Muscle Strains

Quadriceps strains are a common acute injury in athletes. Strain injuries are more
frequently seen in athletes participating in sprinting and jumping sports, such as
soccer, rugby, and football [8]. A strain injury is due to an overstretching or sudden
forceful eccentric contraction of the muscle with the knee flexed and the hip
extended. The partial tearing of the fibers usually occurs at the ends of the muscle at
the musculotendinous junction [9]. The rectus femoris is the most frequently injured
quadriceps muscle. It is the only quadriceps muscle that crosses two joints, the hip
joint and the knee joint, thus placing it at greatest risk for injury [9].

On exam, patients will have pain over the anterior thigh in the injured area and
pain with resisted hip and knee motion testing. Grading of the strain can help pro-
vide guidance on eventual return to play. Grade I strains are due to minor tearing of
the muscle and present with mild to moderate pain, full strength, and no palpable
muscle defect. Grade II strains indicate more severe muscle fiber tearing and present
with significant pain, decreased strength, and an occasional palpable defect. Grade
IITI strains are a result of a complete tear of the muscle and present with severe pain,
total loss of strength, and a palpable defect in the muscle [8]. Hematoma collection
and bruising can be late findings after a strain occurs.

X-ray imaging should be considered to rule out any underlying fracture of the
femur. X-ray images are often normal in the acute injury. Musculoskeletal ultra-
sound or MRI imaging can be performed to evaluate further the size of any develop-
ing hematoma and to evaluate for complete versus partial quadriceps muscle or
tendon tears.
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Treatment for quadriceps strains is focused on symptomatic treatment of the pain
with compression, ice, anti-inflammatories, and rest from sports. Cryotherapy for
quadriceps strains has been shown to decrease the pain associated with the injury
[10]. After the initial period of rest (3—5 days), physical therapy should be initiated
to introduce stretching, range of motion, and, eventually, strengthening. Once the
athlete is pain-free, demonstrates full range of motion of the hip and knee, and has
near full strength, when compared to the non-injured leg, gradual return to play can
be initiated. Operative treatment may be considered for some cases of complete
muscle tears that involve the musculotendinous junction or if there is persistent pain
after conservative treatment.

Quadriceps Contusions

Quadriceps contusions are a common injury in athletes participating in contact
sports, such as football, soccer, karate, judo, and rugby [11]. Contusions are a result
of a direct blunt force trauma to the muscle. The muscle belly of the quadriceps
rectus femoris is the most common location, in which to sustain a contusion [12].

On exam, patients will have pain and swelling over the area with decreased
motion at the knee. Occasionally, a palpable mass can be felt if there is a large
hematoma collection in the thigh.

X-ray imaging should be considered to rule out any underlying fracture of the
femur. Musculoskeletal ultrasound or MRI imaging can be done to evaluate further
the size of the hematoma and identify any concomitant quadriceps muscle or tendon
tears that may also be present.

Treatment after a contusion injury consists of quadriceps muscle immobilization
with the knee flexed to 120° for 24 hours. Anti-inflammatory medication can be
taken to help decrease pain and inflammation in the area. After the initial period of
immobilization, physical therapy and early motion should be started. Therapy
should focus on passive and active stretching, as well as knee range of motion. As
pain and motion improve, therapy can advance to quadriceps strengthening and
eventual return to sport-specific activity, once strength and range of motion is equal
to the contralateral side.

Complications can occur following quadriceps contusions. Due to the large
amount of potential space in the quadriceps muscle area, extensive bleeding can
generate a large hematoma [13]. This can lead to the development of compartment
syndrome in the thigh, which is a surgical emergency that needs to be recognized
and addressed rapidly. Myositis ossificans can also develop in the area of the contu-
sion as it heals, approximately 3 weeks after the initial injury. There is more infor-
mation on both of these conditions in the sections that follow.



14 Quadriceps Tendon Injury 115
Myositis Ossificans

Myositis ossificans, also known as heterotopic ossification, is a post-traumatic pro-
liferation of bone and cartilage within a muscle following the formation of an intra-
muscular hematoma. This process occurred in 9-20% of muscle strains or contusions
in studies of post-traumatic quadriceps hematomas [14, 15]. The formation of het-
erotopic bone after injury is more common in males than females. It most com-
monly occurs in adolescents and young adult athletes and is rare in athletes under
the age of 10 years old. The quadriceps femoris and adductor muscles of the thigh
are two of the most common sites for the formation of heterotopic bone [11].

Heterotopic ossification occurs as a result of liquefaction and formation of non-
specific sheets of cells that form at the center of the damaged muscle after the initial
muscle injury. Local tissue exposure to inflammatory markers further recruits
inflammatory cells and macrophages into the necrotic tissue of the muscle, which
cause release of osteogenic bone mediators. These mediators encourage the forma-
tion of heterotopic bone in the damaged muscle. The new bony formation is laid
down in an outside-to-inside pattern, which helps to distinguish it from an osteosar-
coma, which typically begins centrally and then progresses outward. In the center of
the myositis ossificans lesion is a mass of immature fibroblasts [16].

On exam, signs typically include a palpable firm mass, pain, tenderness, ery-
thema, soft tissue swelling, and stiffness with progressive loss of range of motion.
X-rays, an MRI, and/or ultrasound are the imaging modalities of choice to make the
diagnosis. X-ray images (see Figs. 14.1 and 14.2) will show a peripheral ring of
mature trabecular calcification with no calcification visible in the center of the lesion.

Myositis ossificans treatment includes rest, ice, anti-inflammatory medication,
compression, and physical therapy. Anti-inflammatory treatment with indomethacin
is considered the standard, but the use of ibuprofen, naproxen, or diclofenac are also
effective treatment options [17—19]. Two additional therapies that are available for
cases that are resistant to conservative treatments include bisphosphonates and
extracorporeal shock wave therapy. Bisphosphonates have a similar structure to
inorganic pyrophosphatates. These molecules play an important role in calcium—
phosphate metabolism. Bisphosphonate suppresses bone turnover, slowing down
the mineralization process by binding to hydroxyapatite, which decreases the trans-
formation of amorphous calcium phosphate into hydroxyapatite crystals [20].
Bisphosphonates should not be used in the treatment of myositis ossificans in pre-
menopausal women. Extracorporeal shock wave therapy has been utilized with the
theory that the sound waves will disrupt the heterotopic bone formation [21, 22].
Neither of these additional therapies have been widely studied, and they have only
been studied in conjunction with traditional therapies. More information is needed
before using these therapies in place of standard management.
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Fig. 14.1 Myositis
ossificans bony formation
after a quadriceps
contusion injury on lateral
knee x-ray

If the symptoms caused by myositis ossificans do not resolve with appropriate
conservative therapy, surgical resection should be considered. Patients with persis-
tent pain should be referred to an oncologic orthopedist for evaluation and eligibil-
ity as a surgical candidate. If the bony lesion is still metabolically active on a bone
scan, resection may need to be postponed given the high rate of recurrence of the
lesion after resection [23].
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Fig. 14.2 Myositis
ossificans bony formation
after a quadriceps
contusion injury on AP
view knee x-ray

Saphenous Nerve Entrapment

The saphenous nerve is a sensory branch of the femoral nerve that provides sensa-
tion to the medial leg. It is the largest and longest branch of the femoral nerve. Its
course runs deep to the sartorius muscle traveling laterally to medially as it descends
distally in the thigh. It exits through Hunter’s canal at the medial knee and then
travels distally into the calf [24]. The exit site at the medial knee can be a site for
entrapment of the nerve.
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Saphenous nerve entrapment is a rare and often challenging diagnosis to make.
On exam, it presents as vague medial knee pain with occasional radiation down the
medial aspect of the leg into the foot [25]. It is often misdiagnosed as other more
common etiologies of medial knee pain, such as a medial meniscus tear, medial col-
lateral ligament sprain, or patellofemoral pain. Compression of the nerve can also
be caused by kneeling for a prolonged period. This is called surfer’s neuropathy.

Treatment is most often non-operative. Ice, anti-inflammatories, and heat can
help relieve the pain. The use of knee pads or refraining from kneeling is beneficial
in the case of surfer’s neuropathy. For more refractory cases of nerve pain, injection
with an analgesic medication and steroids can be effective in treatment and pain
relief [22]. Surgical decompression can be performed, if pain is not improved with
conservative treatments.

Compartment Syndrome

The thigh is composed of three compartments: the anterior compartment, medial
compartment, and posterior compartment. The compartments of the thigh are much
larger than those found in the forearm and lower leg. Due to the larger sizes of the
compartments, a significantly higher amount of increased pressure is needed to cre-
ate an environment conducive to compartment syndrome. The anterior compart-
ment of the thigh is most often affected, potentially due to femur fractures, external
compression, direct blunt trauma, quadriceps contusions, and atraumatic prolonged
muscle use [26].

Athletes who participate in ball sports, such as soccer, basketball, and handball,
have been shown to be at increased risk for trauma to the thigh and a resulting com-
partment syndrome [27-29]. Athletes participating in bodybuilding and spinning
have also been shown to be at risk due to excessive use of the quadriceps muscles in
these sports [30, 31].

Pain in the anterior thigh out of proportion to the mechanism of injury is often
the first presenting symptom. Other symptoms include pain with passive stretching,
weakness, and hyperesthesia [32, 33].

Treatment for compartment syndrome is rapid identification with surgical inter-
vention and fasciotomy to relieve compartment pressures. Although compartment
syndrome in the thigh is an uncommon injury, it is a surgical emergency, requiring
a high index of suspicion for diagnosis and rapid treatment. Delays in treatment can
result in significant muscular ischemia with possible loss of the limb or even death.

Rhabdomyolysis

Rhabdomyolysis is an uncommon but potentially life-threatening event that can be
caused by excessive extreme exercise. After strenuous exercise, there is breakdown
of the skeletal muscle, resulting in the release of creatine kinase (CK), aldolase,
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lactate dehydrogenase, and myoglobin into the bloodstream. The breakdown prod-
ucts are then filtered out of the blood and excreted from the body by the kidneys.
The more strenuous and the longer the duration of activity, the more muscle break-
down is sustained. In high concentrations, this can lead to renal tubular obstruction
and acute renal failure [34].

Young male athletes are at highest risk of developing rhabdomyolysis after activ-
ity. Other risk factors for developing rhabdomyolysis include use of creatine supple-
ments, alcohol use, concurrent viral infection, sickle cell trait, extreme exercise,
competition settings, and hot humid weather [35, 36].

Muscle soreness and dark tea-colored urine are common complaints. Other
symptoms include muscle stiffness, nausea, headaches, increasing fatigue, cramps,
disorientation, and confusion [31, 33]. A urine analysis should be performed to
evaluate for myoglobinuria, and blood levels of creatine kinase, lactate dehydroge-
nase, and liver enzymes should be checked, if there is suspicion of rhabdomyolysis.
In acute rhabdomyolysis, CK levels will be in the thousands. A high index of suspi-
cion is needed with rapid onset of treatment to prevent serious renal injury and/
or death.

Treatment for rhabdomyolysis includes aggressive fluid rehydration and support-
ive care, while monitoring for electrolyte imbalances, renal failure, compartment
syndrome, and hemodynamic instability. In severe cases, dialysis may be needed
until the patient’s kidney function has recovered [31].

Once fully recovered, a slow gradual return to previous activity is needed to
monitor carefully for the reoccurrence of symptoms. The return protocol monitors
urine and CK levels at rest, at initiation of light activity, and then ultimately as the
athlete gradually returns to full sport. Maintaining hydration and adequate rest with
activity are also key components of successful return to sport and prevention of
future recurrence [33].

Specific Pointers

Epidemiology: Pathology is more common in young male athletes participating in
contact sports, kicking sports, and sports that require a lot of jumping. There is a
higher incidence of injury among football, rugby, mixed martial arts, judo, karate,
and soccer athletes. A second peak of injury is evident in men older than 40 years
old, especially those with additional risk factors, such as renal disease, steroid use,
and diabetes.

Mechanism of injury: Common causes of quadriceps injury are overuse and
direct trauma to the muscle in athletes. Less common causes of injury can include
anabolic steroids, fluoroquinolones, or corticosteroid injections. Chronic comor-
bidities, such as diabetes, renal failure, gout, rheumatoid arthritis, lupus, obesity, or
hyperparathyroidism, can also be rare causes of tendon rupture.

Diagnosis: History and physical exam. On exam, evaluate for an extension lag or
inability to extend the knee, a palpable defect of the quadriceps tendon, and swell-
ing. Additional testing includes plain film x-rays, ultrasound, and/or MRI.
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Management: Anti-inflammatory medications and physical therapy are the pri-
mary management for quadriceps tendinitis, contusions, and myositis ossificans.
Prolonged immobilization should be avoided in these cases. Quadriceps tendon
tears should be treated with immobilization and referral to surgery. Maintain a high
index of suspicion for serious complications including compartment syndrome and
rhabdomyolysis. Prompt intervention is required for treatment and can be life or
limb saving.

Demonstration Cases

Common Presentation

A 17-year-old male athlete active in rugby presents after being kneed in his right
anterior thigh by an opposing player during a game earlier that day. He notes pain
in the anterior mid-thigh. He is only able to weight-bear minimally on the right with
a limp. Ice was applied at the time of injury on the field.

On exam, there is mild swelling of the thigh with loss of full knee extension due
to pain. He has tenderness to palpation of the anterior compartment of the thigh. No
bruising. Normal sensation. Mild 4/5 weakness with quadriceps knee extension test-
ing, with otherwise normal strength of the hamstring, calf, and foot.

His history and physical exam are consistent with the diagnosis of a quadriceps
muscle contusion. X-rays of the thigh may be performed to rule out an underlying
fracture. Treatment consists of immobilization for a 24-hour period with the knee in
120 degrees of flexion, followed by mobilization with physical therapy, ice, and
anti-inflammatories. Evaluation for compartment syndrome, large hematoma, and
myositis ossificans should be performed throughout the healing process. Return to
play is determined by the resolution of his pain, normal range of motion of the knee,
and normal strength with testing of the quadriceps muscle.

Uncommon Presentation

A 21-year-old male amateur bodybuilder presents with inability to extend the right
knee after missing a step when walking downstairs 2 days ago. He reports feeling a
painful pop in his knee, followed by inability to bear weight and swelling. Pain is
located over the anterior proximal knee. When prompted, he does report a history of
intermittent anabolic steroid use over the past several years, when training for body-
building competitions.
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On exam, there is notable swelling over the anterior knee. When seated, he is
unable to extend the knee. There is a palpable defect in the area of the quadriceps
tendon. X-rays performed demonstrate an inferiorly displaced patella with edema
without fracture.

History and physical exam are concerning for a complete tear of the quadriceps
tendon. An MRI is performed and confirms the diagnosis. The knee is immobilized
in extension and prompt surgical referral for evaluation and surgical repair is the
next appropriate step in management.

Pearls and Pitfalls

e Although uncommon, it is important not to miss a quadriceps tendon tear.

* Do not forget to ask about anabolic steroid use, even in high school athletes.

* Do not immobilize a quadriceps strain/muscle belly tear for too long.
Prolonged immobilization can lead to development of myositis ossificans.
Early physical therapy and motion is key.

* Maintain a high index of suspicion for serious complications after quadri-
ceps muscle injuries: myositis ossificans, compartment syndrome, or
rhabdomyolysis.

Chapter Summary

The quadriceps muscle group consists of four muscles (vastus lateralis, vastus
medialis, vastus intermedius, and rectus femoris) that converge together to form the
patellar tendon. They act in conjunction to produce knee extension. Quadriceps
injuries are sustained more frequently in contact and collision athletes. Severe
injury to this muscle group is rare in the pediatric population. Quadriceps tendinitis
and contusion injuries are much more common than serious injury to the muscle
(compartment syndrome, myositis ossificans, or rhabdomyolysis) and account for
about 90% of quadriceps injuries [9]. Although rare, serious complications after a
quadriceps injury can occur. Close follow-up and monitoring are required with
rapid intervention as needed.

Helpful Resources

Websites: orthobullets.com, orthoinfo.aaos.org
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Table for Review

Quadriceps Saphenous
Quadriceps | Quadriceps | muscle Quadriceps Myositis nerve Compartment,
Condition tendinitis tendon tear | strains contusions ossificans entrapment | syndrome Rhabdomyolysis
Description | Inflamma- | Complete | Overstretch- | Bruising of the | Post- Entrapment | Increased Skeletal muscle
tion of the | rupture of | ing of the muscle due to | traumatic of the pressure due | breakdown after
tendon the tendon | muscle fibers, direct blunt proliferation | saphenous | to bleeding or| strenuous
leading to force to the of bone and | nerve at the | external activity
partial or muscle cartilage in | medial knee | compression | resulting in
complete muscle elevated CK
tearing levels (>1000)
Epidemiology Athletes in | Men > age | Jumping and| Contact Adolescents | Rare and Soccer, Young male
running and | 40-years- | sprinting — | athletes — and young often basketball, athletes
jumping old soccer, football, rugby,| adults. Rare | misdiag- and handball
sports Anabolic | rugby, martial arts before age 10.| nosed athletes
Males > steroid use | football Males >
Females Females
Mechanism | Repetitive | Direct Overstretch- | Direct trauma | Inflammation | Prolonged | Increased Strenuous
overloading | trauma or | ing or to the muscle | leading to compression| pressure prolonged
of the knee’s | excessive | sudden bony of the accumulation| exercise, often
extensor eccentric | forceful formation in | saphenous | in the in hot humid
mechanism | loading of | eccentric muscular nerve with | anterior conditions
leading to the muscle | contraction hematomas | kneeling compartment
microscopic of the after injury of the thigh
tears quadriceps often due to
muscle bleeding after|
injury
History and | Pain with Swelling, | Pain on Contact sport | Muscle Medial knee| Pain on exam| Muscle
exam findings activity, pain, and | exam with | athlete with contusion pain with out of soreness,
tenderness of| inability to | decreased direct trauma | with radiation proportion to | cramps, dark
the tendon | extend the | strength with| to the muscle. | continued down the leg history, urine,
on palpation,| knee knee Pain and pain and firm | into the foot | swelling, headaches,
and pain extension swelling over | palpable pain with nausea,
with resisted and possible | the area with | mass, passive confusion
knee palpable decreased swelling, loss stretching,
extension muscular motion at the | of motion. weakness,
defect knee. Ossification hyperesthesia
Occasionally a | on x-rays
palpable mass
can be felt if
there is a large
hematoma
collection in
the thigh
Management | Rest, ice, X-ray, Rest, ice, Immobilization| Rest, ice, Ice, Rapid Supportive care
anti- ultrasound | compression,| with knee in indomethacin,| anti- identification | with aggressive
inflammato- | and/or MRI| cryotherapy | 120 degrees compression, | inflammato- | with surgical | fluid
ries, physical imaging (.e., flexion for physical ries, heat, | interventions | resuscitation
therapy Surgical exposure to | 24 hours therapy. avoid and and monitoring
repair extreme followed by +/— bisphos- | kneeling, fasciotomy | of renal function
cold, physical phonates or | knee pads and
ex. — therapy, ice, extracorporeal hemodynamic
100 °C), anti- shock wave status
anti- inflammatories | therapy
inflammato-
ries with
prompt start
of physical
therapy
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Chapter 15 )
Infrapatellar (Hoffa’s) Fat Pad Conditions

Check for
updates

Valerie E. Cothran and Svetlana Dani

Anatomy and Normal Function

The infrapatellar fat pad (IPFP), also known as Hoffa’s fat pad, is the largest of three
fat pads in the anterior knee (Fig. 15.1). The pediatric IPFP, much like the adult
IPFP, is an intracapsular but extrasynovial structure, bordered anteriorly by the
patellar tendon, superiorly by the inferior pole of the patella, inferiorly by the proxi-
mal tibia and the deep infrapatellar bursa, and posteriorly by the joint synovium. It
is attached to the anterior horns of both the medial and lateral menisci. The IPFP is
the largest soft tissue structure in the knee joint.

Function

The exact role of the IPFP is not completely understood. It is a soft mobile structure
and changes position as the knee moves through range of motion. It becomes later-
alized and moves posteriorly in flexion. During extension, it moves anteriorly, away
from the anterior tibia. It is easily deformable, which allows the expansion of the
synovial compartment and facilitates the distribution of the joint fluid. It is made of
adipocytes and connective tissue. Additionally, it is a potent generator of stem cells,
which allows the IPFP cells to differentiate into osteoblasts and chondrocytes but
also predisposes it to scarring [12]. The IPFP has been shown to play both a
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Fig. 15.1 A midsagittal
view of the knee joint. (1)
IPFP, (2) posterior fat pad,
(3) anterior suprapatellar
fat pad, (4) posterior
suprapatellar fat pad. The
IPFP is located inferior to
the patella and posterior to
the patellar tendon. It is
covered by the joint
capsule (white arrow) and
is anterior to the synovium
(black arrow); thus, it is an
intracapsular but
extrasynovial structure

biomechanical role in patella stabilization, as well as an inflammatory role in the
knee joint by secreting pro-inflammatory or anti-inflammatory cytokines, which
may play a role in degenerative osteoarthritis later on in life.

Innervation

The IPFP is heavily innervated, which makes it very sensitive to pain. The predomi-
nant nerve supply to the IPFP is the posterior tibial nerve, which provides the major-
ity of fibers to the popliteal plexus. Fibers course from the popliteal plexus
innervating the posterior capsule and the cruciate ligaments and then course anteri-
orly up to the IPFP [1].
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Blood Supply

The IPFP blood supply comes from the upper and lower geniculate arteries. Its vas-
cularization is an anastomosis made of two vertical arteries and two or three hori-
zontal arteries connecting the vertical arteries. These anastomoses allow for rich
vascularity at the periphery but poor blood supply in the center (Fig. 15.2) [1, 8].

Pathology and Dysfunction

Pathologic conditions affecting the IPFP are typically caused by inflammation and
fibrosis associated with trauma. Trauma may be from a direct blow, acute hyperex-
tension, chronic irritation, or postsurgical scarring (due to trauma from portals
placed during arthroscopic surgery).

Epidemiology

IPFP injuries occur more commonly in young women. Athletes that participate in
sports that require forceful terminal extension of the knee, such as dance, gymnas-
tics, swimming, martial arts, and jumping field events (high jump, long jump, and
triple jump), are also at a higher risk [2]. In both athletes and nonathletes, individu-
als with ligamentous laxity are at increased risk, likely due to hypermobility, caus-
ing repetitive hyperextension of the knee.

Fig. 15.2 Vascularization
of the infrapatellar fat pad
(IPFP). Spalteholz
preparation of a 2 cm thick
sagittal section of the right
knee from a 33-year-old
male showing the
anastamotical connection
between the IPFP and the
anterior cruciate ligament
(small arrow); middle
genicular artery (open
arrow), posterior capsule
(arrowheads) [12]. FP = fat
pad; P = popliteal artery
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Mechanism of Injury

The most common disorder of the IPFP is Hoffa’s disease or IPFP impingement, an
intrinsic injury to Hoffa’s fat pad stemming from impingement of the IPFP between
the femur and the tibia during extension [9]. This causes inflammation of the fat
pad, which leads to hypertrophy and then to a cycle of bleeding, acute inflammation,
and, ultimately, chronic inflammation with necrosis, fibrosis, and even ossification
of the IPFP [3, 10].

Diagnosis (History/Exam Findings/Testing)

Patients often report anterior knee pain, especially when climbing and descend-
ing stairs. Physical examination of the athlete with IPFP impingement should
begin the same as for other knee injuries. On inspection, there may be no visible
gross signs. Often there is localized swelling adjacent to the patellar tendon.
Some patients may have a small joint effusion. There may be diffuse tenderness
over the patellar tendon. The IPFP can be palpated by placing a finger on either
side of the proximal patellar tendon. Passive and active knee extension and flex-
ion should be assessed and compared to the contralateral side. Young athletes
may have pain with terminal extension and may exhibit decreased range of
motion as compared to the unaffected side. Strength testing of the affected knee
should be compared to the contralateral side. There may be pain with resisted
knee extension.

As with other components of the knee, there is a special test to evaluate for IPFP
impingement, Hoffa’s Test. To start Hoffa’s test, the patient is made to lie supine on
the examination table with the knee in flexion (30°-60°). The examiner puts pres-
sure on the anterior fat pat by placing a finger on either side of the proximal patellar
tendon. The patient is instructed to straighten the knee. The test may also be per-
formed with passive extension of the knee by the examiner. The test is positive when
the pain is reproduced with extension of the knee.

Imaging can be obtained but is often unnecessary for IPFP impingement, unless
other injuries are also suspected, based on the patient’s history and exam. Plain
radiographs are often normal. In some cases, a small joint effusion or soft tissue
swelling may be seen. Ultrasound (US) is a cost-effective, point-of-care imaging
modality that may be used to evaluate the IPFP. It may demonstrate enlargement
and/or decreased echogenicity within the IPFP. Color Doppler US may demonstrate
the increased vascularity associated with inflammation. Dynamic US may demon-
strate impingement of the fat pad during terminal extension. Magnetic resonance
imaging (MRI) allows a detailed assessment of the normal anatomy of the IPFP and
other internal knee structures [6].
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Management

Conservative treatment is first-line therapy: relative rest, anti-inflammatory medica-
tions, local cryotherapy, and physical therapy (strengthening of the quadriceps).
Evaluation of biomechanics with corrective physical therapy is important for reha-
bilitation and for prevention of future issues [3]. Avoidance of terminal extension
should be reinforced. Superficially, taping the knee can reduce the amount of tilt of
the patella. Injections of corticosteroids into the IPFP have been effective in treating
pain. This should be done with caution to avoid fat atrophy. If the above measures
fail, arthroscopic resection is the treatment of choice [4].

Inflammatory and Neoplastic Conditions

Inflammatory and neoplastic diseases can arise in the fat pad, as well. Although the
majority are benign lesions, malignant tumors have been observed. These patients
present with pain and swelling of the anterior knee. A palpable lump is seen some-
times. There is usually no history of trauma. The most common pediatric IPFP
benign tumor is a hemangioma. These lesions are responsive to conservative treat-
ment and will usually become asymptomatic with time. If symptoms of pain and the
feeling of fullness persist, resection of the hemangioma is recommended [5, 7].

The pediatric malignant tumors of the IPFP observed in literature are synovial
sarcomas, which seem to be unique to the pediatric population. Differences in the
presentation of benign and malignant tumors have not been observed. MRI is the
diagnostic study of choice for the evaluation of IPFP tumors. An x-ray may be help-
ful in identifying calcifications, which can be seen in synovial sarcomas. US may be
helpful, as well. A combination of a soft tissue mass with calcifications or ossifica-
tions should raise the suspicion of a synovial sarcoma in pediatric patients. A biopsy
is required to confirm the diagnosis. Open arthrotomy and excision ensures com-
plete removal, which is not always possible with arthroscopy [5, 7].

Ganglion cysts arising from the IPFP have been described in the pediatric popu-
lation, as well. They present with prolonged painless swelling at the anterior aspect
of the knee. MRI is the diagnostic tool of choice for evaluation, if the cyst causes
pain and discomfort, arthroscopic resection is the definitive cure.

IPFP Herniation

In children with a painless knee mass at the anterolateral aspect of the infrapatellar
region, herniation of the IPFP through a defect in the lateral retinaculum should be
suspected. This is seen mostly in the pediatric population and is likely due to con-
genital weakness of the lateral retinaculum. These children present with a painless
mass and are not tender to palpation. There is never any history of preceding trauma



130 V. E. Cothran and S. Dani

or overlying skin changes. The mass is not visible or palpable during full-knee
extension. A dynamic US is the best modality for evaluation and will show a focal
defect in the anterolateral aspect of the lateral retinaculum with Hoffa’s fat pad her-
niating through the defect during knee flexion and reducing with knee extension. If
US is not available, an MRI may offer the answer. Consider obtaining views in knee
flexion. When diagnosed, this condition can be managed conservatively; however,
there are case reports of painful IPFP herniations. In those cases surgical repair of
the lateral retinaculum defect is possible and helpful [11, 13].

Chapter Summary

Although we lack completely understanding about the function of the IPFP, it can
present with significant pain and disability. The first-line therapy for IPFP impinge-
ment is conservative treatment, although steroid injections and surgery have been
effective, when conservative measures fail. We must keep inflammatory and neo-
plastic conditions in the differential, especially if the patient presents with a knee
mass. IPFP herniation may be seen in the pediatric population, as well.

Chart/Table

Condition Infrapatellar fat pad impingement

Description Impingement of the IPFP during terminal extension of the knee.
Epidemiology Seen more commonly in young women and in individuals with

ligamentous laxity.

Mechanism (common) | Overuse — Chronic terminal extension.

History and exam Anterior knee pain.

findings Point tenderness over the IPFP (adjacent to the proximal patellar
tendon).

Increased with terminal extension of the knee.

Management Relative rest.

Activity modification (avoid terminal extension).
Physical therapy.

Surgical excision is reserved for recalcitrant cases.
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Chapter 16
Posterior Cruciate Ligament Injury

Stephanie Lamb, Steven Koch, and Nathaniel S. Nye

Anatomy and Normal Function

The posterior cruciate ligament (PCL) is the largest ligament in the knee and is
nearly twice as strong as the ACL. The PCL is an intra-articular ligament and is sur-
rounded by a synovial sheath [1-3]. The PCL lies between two meniscofemoral
ligaments: the ligament of Humphrey is anterior to the PCL, while the ligament of
Wrisberg lies posterior to the PCL [1]. It originates along the anterolateral aspect of
the medial femoral condyle, within the intercondylar notch, and inserts on the pos-
terior aspect of the tibial plateau just distal to the joint line [2, 4]. Its blood supply
comes from the middle genicular artery, and it is innervated by branches of the tibial
nerve [1, 2].

The primary function of the PCL is to resist excessive posterior translation of the
tibia relative to the femur; however, the PCL plays an important role in rotational
stability, as well [2, 3]. The PCL is comprised of two bundles, the larger anterolat-
eral bundle (ALB) and the smaller posteromedial bundle (PMB). Historically, these
two bundles were believed to function independently in a reciprocal nature, with the
ALB acting in knee flexion and the PMB acting during knee extension; however,
recent research suggests that they actually function synergistically and play a cru-
cial role in stabilizing the knee during all angles of knee flexion [2, 3].
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Specific Pointers

In acute cases, pain and guarding may make initial examination both difficult and
unreliable. Re-examination within 1 week of injury and additional diagnostic imag-
ing should be considered for proper diagnosis.

PCL avulsion fractures are easily missed on radiographs but are best seen on
lateral views. Stress views (posterior tibial stress or kneeling views) are helpful to
rule out instability.

MRI is highly sensitive and specific in acute cases but may give false negatives
in cases of chronic PCL deficiency.

Pathology and Dysfunction

Reports of PCL injuries in children are rare; thus, the natural history of PCL defi-
ciency in the pediatric population is unknown. PCL injuries in children with open
physes most commonly involve an avulsion fracture at either the femoral or tibial
insertion site. Mid-substance tears are rarely seen until after the physes have closed
[4-8]. Femoral-sided avulsion fractures are more commonly reported than tibial-
sided avulsion fractures in the pediatric population [5, 9].

As knowledge of the anatomy and biomechanics of the PCL grows, so has under-
standing of the importance of the PCL. PCL deficiency leads to abnormal loading
and kinematics with functional activities. These abnormal biomechanics, along with
chronic instability, are linked to increased risks of articular cartilage degeneration,
osteoarthritis, meniscal injury, and subsequent total knee replacement [2, 10, 11].

Epidemiology

Due to the infrequency of PCL injuries in children, the epidemiology is not yet
certain. PCL injuries are more common in boys [6, 12, 13]. PCL injuries are more
commonly seen in sports, especially ballistic or pivoting sports that carry risk of
falling on a flexed knee or a direct blow to the anterior tibia, such as football, bas-
ketball, skiing, soccer, track, and gymnastics [14]. Other common activities for PCL
injuries in children include falling off bicycles, knee hyperextension on trampo-
lines, and falling off playground equipment, such as monkey bars [9, 14].

Mechanism of Injury

Traffic accidents and sport/play activities are the most common causes of PCL inju-
ries in children. Typical mechanisms include a posteriorly directed force applied to
the anterior aspect of the tibia, while the knee is in a flexed position (“dashboard
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injury”) and falling onto the knee with the foot in a plantarflexed position. Non-
contact mechanisms are less common and include knee hyperflexion and hyperex-
tension [3, 5, 6].

Diagnosis
History

Children typically present with pain, swelling, limited range of motion, and diffi-
culty bearing weight after acute injury occurs [1, 3, 7, 9]. Symptoms are typically
mild and vague. Unlike with ACL injury, no “pop” or “tear” is usually reported [1].

From a functional standpoint, some children are able to compensate for their
PCL deficiency rather well, and symptoms may not present right away. Children
with delayed symptoms generally report having repeated episodes of effusion, pain
in the anterior knee, and difficulty performing regular activities, due to calf fatigue
and pain. They may also report difficulty with squatting and sitting cross-legged on
the ground [7].

Exam Findings

Acute PCL injuries typically present with a knee effusion, tenderness in the popli-
teal space, and limited range of motion at the knee. There may be a contusion, lac-
eration, and/or abrasion on the anterior aspect of the tibia, providing clues to the
specific mechanism of injury. The posterior drawer test, posterior sag sign, quadri-
ceps active test, Clancy sign, and dial tests are all used to assess the integrity of the
PCL. The posterior sag sign is the most sensitive test for PCL integrity, while quad-
riceps active test is the most specific test. The posterior sag test is performed with
the patient in a supine position with both the hips and knees flexed to 90 degrees
while the provider supports the lower legs. Posterior sagging of the tibia signifies a
positive test. The quadriceps active test uses the same patient and provider position-
ing required for the posterior drawer test (see Fig. 16.1). In a PCL-deficient knee,
the tibia will be dynamically reduced, when the patient performs an isometric quad-
riceps contraction. A positive Clancy sign is the loss of normal medial and lateral
tibial plateau prominences beneath the femoral condyles with palpation when the
knee is flexed to 90 degrees and neutrally rotated. The dial test is used to assess for
combined lesions to the posterior lateral corner (PLC) of the knee by assessing
external rotation asymmetry. Increased external rotation of 10 degrees or more is
considered abnormal. With the patient in either a supine or prone position, the pro-
vider should apply an external rotation force to both feet with the knees at 30 degrees
of flexion and then again at 90 degrees of flexion. Increased external rotation at 30
degrees only is consistent with isolated PLC injury, while increased external rota-
tion at 30 and 90 degrees is consistent with PLC and PCL injury. Laxity may be
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Fig. 16.1 The quadriceps
active test is performed in
the same starting position
as the posterior drawer test,
with the knee flexed to 90°
and the foot flat on the
exam table. The examiner
then stabilizes the ankle
and asks the patient to flex
their quadriceps, watching
for auto reduction of

the knee

easily missed in acute stages, due to reflexive muscle spasm and painful mobiliza-
tion. Clinical examination should include careful comparison to the contralateral
knee [1, 3,5,7, 8, 11].

Tests, such as the posterior drawer test, allow PCL tears to be graded based on
the position of the medial tibial plateau relative to the medial femoral condyle,
while the knee is in 90° of flexion. In this position, the medial tibial plateau is
roughly 10 mm anterior to the medial femoral condyle. With grade I injuries,
0-5 mm of laxity is seen with posterior drawer, and the tibia is still anterior to the
femoral condyles, but the distance is slightly diminished. Grade II injuries are char-
acterized by 5-10 mm of laxity, and the tibia is even with the femoral condyles.
Grade III injuries (complete PCL rupture) typically demonstrate greater than 10 mm
of laxity, and the tibia can be pushed posteriorly beyond the medial femoral condyle
[3, 4, 15].

Testing

Imaging tools, such as radiographs and MRI, should be included as part of the clini-
cal evaluation. Plain radiography is recommended as first-line imaging, due to low
cost, high availability, and high specificity for associated injuries, such as fracture,
but has a low sensitivity for PCL tears. Standard weight-bearing radiographs should
be used to assess joint space and congruity and to detect bony abnormalities. Lateral
views are important for identifying an avulsion fracture. Fragments displaced more
than 10 mm on radiographs are easily visualized, but fragments displaced less than
10 mm are easily overlooked [5]. Posterior stress radiographs provide an objective
measurement of posterior knee laxity and may be helpful for diagnosis, if instability
is noted during physical exam. Alternatively, kneeling stress radiographs may be
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Fig. 16.2 Femoral sided avulsion of PCL without fracture seen on MRI, sagittal PDFS image.
Note buckling of the PCL

used to measure the magnitude of posterior tibial displacement on the femur and
allow for comparison between injured and uninjured sides [1, 3, 5].

MRI is highly accurate in diagnosing acute PCL tears and is useful for ruling out
derangement of other internal knee structures (see Fig. 16.2); however, in chronic
cases, MRI is less sensitive (may give false negatives), because the natural process
of tissue healing after a PCL tear may mimic the MRI appearance of a native, unin-
jured PCL [1, 3].

Management

Due to the rarity of PCL injuries in pediatric populations, management is generally
comparable to accepted protocols for adult populations [4, 7, 8]. Some isolated mid-
substance tears and many non-displaced or minimally displaced avulsion fractures
are often given a trial of nonoperative management, reserving surgical intervention
for cases with persistent symptoms of pain or instability. Surgical reduction and
internal fixation should be considered for avulsion fractures with greater than
5-7 mm displacement [5, 11]. Given that chronic PCL deficiency in adults is associ-
ated with instability and degenerative changes, it stands to reason that optimization
of treatment is even more crucial in pediatric populations to preserve knee function.

A three-phase rehabilitation protocol has been utilized for both nonoperative and
postoperative treatment [5]. Phase one consists of immobilization and limited
weight bearing for 6 weeks, while focusing on quadriceps strengthening and ham-
string stretching. To optimize ligament healing in the initial phase of rehabilitation,
posterior tibial translation should be avoided. This is most commonly done by using
a hinged knee cage brace with progressive range of motion; however, a dynamic
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anterior drawer brace or a cylindrical cast with posterior support to preserve the
appropriate tibiofemoral alignment may also be used [3, 5, 15, 16]. Full weight
bearing is resumed during the second phase, while continuing to focus on knee and
hip strength and range of motion. The third phase focuses on returning to sport-
specific activities and begins approximately 12 weeks following injury [5, 17].

Demonstration Cases

Common Presentation

PATIENT 1: 14-year-old male complaining of left posterior-medial knee pain x
11 days.

Mechanism of injury was falling while playing soccer. Special tests included a
(+) posterior drawer, (+) tibial sag, and (+) quadriceps-active test. Standard radio-
graphs of the knee were normal. Given the exam findings, an MRI was obtained and
demonstrated a complete avulsion of the tibial attachment of the PCL with the liga-
ment substance intact. The patient was treated by open reduction with internal fixa-
tion, using bioabsorbable anchors. Postoperatively, the patient completed a
rehabilitation program and recovered fully, returning to play at 6 months after sur-
gery [11].

PATIENT 2: 12-year-old female complaining of right knee pain x 7 days.

Mechanism of injury was blunt force trauma while in a flexed-knee position.
Special tests included a (+) posterior drawer, (+) posterior tibial sag, and a (+)
quadriceps-active test. X-rays demonstrated avulsion fracture at the tibial insertion
of the PCL. MRI revealed intact PCL mid-substance with avulsion fracture of the
tibial insertion, with fragment displaced 10 mm, but no other internal derangement
of the knee was noted. The patient was treated via open reduction with internal fixa-
tion using a 4.00 mm cannulated screw and washer. The patient recovered without
complication, with return to limited sporting activity at 9 months and to full sporting
activity at 12 months.

DISCUSSION: PCL avulsion fracture in pediatrics may or may not be apparent
on plain radiographs. When x-rays are negative but clinical suspicion for PCL injury
remains, an MRI should be obtained.

PRECAUTIONS: Surgical fixation may disturb the physes; therefore, care
should be taken with surgical planning.

Uncommon Presentation

PATIENT: 9-year-old male with left knee injury 3 hours ago.
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Mechanism of injury was a fall from a climbing frame. The patient became sus-
pended upside-down by a screw caught on his left trouser leg. Physical exam dem-
onstrated a (+) posterior drawer. After non-stress radiographs demonstrated posterior
displacement of the tibial plateau, an MRI demonstrated a femoral-sided avulsion
fracture of the PCL. The fracture was reduced operatively with transosseous non-
absorbable femoral sutures. Traumatic vascular damage required repair with saphe-
nous vein bypass graft. At I-year post-op, follow-up examination demonstrated
intact peripheral perfusion and sensation. There were no degenerative changes [18].

Pearls and Pitfalls

* Because pediatric PCL injuries are uncommon, relatively little data exist
on the epidemiology, natural history, and optimal management of these
injuries.

* Long-term PCL deficiency in adult populations may be associated with
increased degenerative joint disease, and this can likely be extrapolated to
children.

* Pediatric PCL injuries are typically divided into ligament avulsion from
the tibial attachment, avulsion from the femoral attachment, or mid-
substance tear.

* Pain and guarding in acute injury may make the initial exam difficult and
unreliable.

e Children may not complain of symptoms right away; those with delayed
presentation may complain of calf pain and fatigue, difficulty sitting cross-
legged, and difficulty with squatting.

* MRI is excellent for diagnosis of acute PCL injuries but less sensitive for
chronic PCL deficiency. Stress radiographs are preferred for evaluation of
suspected chronic PCL injuries.

» Easily visualized fragments on radiographs are typically displaced more
than 10 mm, but fragments displaced less than 10 mm are easily over-
looked. This is important because surgical fixation is often recommended
for fragments displaced more than 5-7 mm.

* Surgery must be performed with care to avoid disturbing open physes,
which may cause growth disturbances.

Chapter Summary

Pediatric PCL injuries are rare, and diagnosis and management can be challenging.
A detailed initial exam with repeated follow up evaluations are important for proper
diagnosis. The initial diagnosis is frequently missed, due to a seemingly normal
physical exam and radiographs, and delayed treatment can lead to secondary
changes in the knee. Management is adapted from treatment algorithms used in
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Table 16.1 Chapter summary
Condition PCL Tear

Description Mid-substance tear, avulsion fracture from femoral attachment, avulsion
fracture from tibial attachment

Epidemiology | More common in boys; more common in football, basketball, skiing, soccer,
track, and gymnastics

Mechanism Direct blow to anterior tibia; falling on knee with foot in plantarflexed
position
History and Effusion and tenderness in popliteal space, limited range of motion, positive

exam findings | posterior drawer test, posterior sag test, quadriceps active test; radiographs
may show avulsion fracture and are useful for obtaining objective
measurements of laxity; MRI useful in acute injuries but less reliable in
chronic cases

Management | Isolated mid-substance tears and non-displaced or minimally displaced
avulsion fractures treated nonoperatively; surgical intervention for displaced
avulsion fractures and cases in which conservative treatment has failed

adult populations. A trial of nonoperative treatment is usually recommended for
mid-substance tears or minimally displaced avulsion fractures, while surgical treat-
ment is recommended for displaced avulsion fractures or conservative treatment
failure. Optimization of treatment is crucial in pediatric populations to preserve
knee function and prevent long-term degenerative joint disease (Table 16.1).

Disclosure The opinions expressed herein are those of the authors, and do not represent official
policy of the US Air Force or the Department of Defense. The authors have no conflicts of interest
or financial relationships related to this work.
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Chapter 17
Popliteus Injury

Valerie E. Cothran

Anatomy and Normal Function

The popliteus is the deepest muscle of the knee joint. It is a thin flat triangular
muscle that forms part of the floor of the popliteal fossa [2].

Origin and Insertion

It is said to have a reverse origin and insertion, as its proximal attachment is its
tendinous portion, whereas its muscle belly sits distally [3, 4]. The tendinous origin
lies on the anterior part of the popliteal groove on the lateral surface of the lateral
femoral condyle anteroinferior to the proximal attachment of the LCL.

Attachment

There is a direct attachment to the lateral meniscus, produced by the popliteomenis-
cal fascicles (variable) [4]. The muscular attachment to the tibia lies just proximal
to the soleal line (popliteal line) but below the tibial condyles (Fig. 17.1). The pop-
liteus also has a constant and strong attachment to the fibula through the popliteo-
fibular ligament (Fig. 17.2).
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Fig. 17.1 Attachments and course of the popliteus. (a) Drawing of the knee (posterior view)
shows the muscular belly (blue) and tendinous attachment (red) of the popliteus. (b) Posterior
drawing of the knee shows the course of the popliteus musculotendinous unit in relation to the LCL
(arrowhead) and biceps femoris (partially resected). Yellow = fibula [2]

Course

The popliteus muscle takes a unique path as its tendon courses through the popliteal
hiatus to become intracapsular (though extra-articular and extrasynovial); it then
passes under the arcuate ligament and becomes extracapsular before finally joining
its muscle belly.

Function

The popliteus muscle and tendon provide both static and dynamic functions at the
knee. It provides static stability, primarily resists external rotation, and has been
termed the fifth ligament of the knee [5]. It also provides some stability to posterior
tibial translation, as well as to varus stress. In the non-weight-bearing state, when
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Fig. 17.2 Attachments of
the popliteus to
neighboring structures of
the posterolateral knee.
The popliteus has a
constant and strong
attachment to the fibula
through the popliteofibular
ligament (white arrow).
The attachment of the
popliteus to the posterior
horn of the lateral
meniscus (black arrow) is
more variable [2]

the knee is in terminal extension, it “unlocks the knee” by internally rotating the
tibia. In the weight-bearing state, the popliteus acts on the femur to externally rotate
it on the leg [2]. When the knee flexes, it retracts the posterior meniscus via the
popliteomeniscal fascicles (variable). This helps to prevent meniscal injury.

Innervation

The popliteus is innervated by the tibial nerve (L4, L5, S1).

Blood Supply

The popliteus receives its blood supply from the medial inferior genicular branch of
the popliteal artery and the muscular branch of the posterior tibial artery.
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Pathology and Dysfunction

Pathologic conditions affecting the popliteus muscle range from a muscle strain or
tendinopathy to complete tendon rupture. The severity of the injury may be graded
or classified using historical muscle injury classification systems. Chronic dysfunc-
tion may lead to subtle attenuation or thickening of the tendon, which has been
shown to cause repetitive lateral pain and popping (snapping popliteal tendon).

Specific Pointers
Epidemiology

Popliteus muscle strain and popliteal tendinopathy occur more commonly in ath-
letes that run on hills or banked surfaces [6, 7]. They are also more commonly seen
in athletes with increased pronation of the ankle and excessive internal rotation of
the tibia [8]. In nonathletes, popliteal injury can be seen in hiking and back-
packing [9].

Popliteal tendon ruptures are rare in isolation. In an imaging study of 24 popliteal
tendon injuries, only 8.3% were isolated [5, 10]. Popliteal tendon ruptures occur
more often after trauma in combination with other posterolateral corner knee injuries.

Mechanism of Injury
Popliteus Muscle Strain/Popliteal Tendinopathy

Mild-to-moderate popliteus muscle injuries typically occur as a result of chronic
overuse of the muscle tendon unit with downhill running. The popliteus functions to
stabilize the knee by preventing anterior femoral translation and tibial external rota-
tion while running [9].

Popliteal Tendon Rupture

A more severe popliteus muscle injury, a popliteal tendon rupture, often occurs after
direct anteromedial force and is usually associated with other posterolateral corner
knee injuries. When a popliteal tendon rupture occurs in isolation, the mechanism
of injury has been less well defined. It may be due to direct or indirect trauma. There
have been many case reports that identify several proposed mechanisms including
the following: direct blow to the anteromedial knee, sudden forcible external rota-
tion of the tibia in a partially flexed knee [11], sudden forced varus in an externally



17 Popliteus Injury 147

rotated leg, and forced hyperextension with the tibia in internal rotation. Popliteal
tendon ruptures may also be seen in road traffic accidents or falls, during which the
knee is hyperextended.

Diagnosis (History/Exam Findings/Testing)
Popliteus Muscle Strain/Popliteal Tendinopathy

Patients often report the insidious onset of posterior or posterolateral knee pain, usu-
ally during weight bearing, when the knee is between 15 and 30 degrees of flexion,
or during the early swing phase of gait [12, 13]. Athletes may also report a recent
increase in activity, especially downhill running or running on banked surfaces
[6, 12].

Historically, athletes will describe symptoms beginning at 2—3 miles of running.
It is often severe enough to prevent continued running [9]. Injuries isolated to the
muscle belly present as posterior pain, whereas injuries isolated to the tendon pres-
ent with more posterolateral pain. With continued use, symptoms occur even earlier
during activity and, in chronic cases, will occur at the commencement of running.

Physical Examination of a Popliteus Muscle Strain/Popliteal Tendinopathy

There are often no visible gross signs of popliteal injury on examination.
Occasionally, there may be localized swelling at the area of the popliteal tendon.
Palpation of the popliteal tendon may elicit pain. The popliteal tendon should be
palpated at its origin, inferior and anterior to the LCL. This is best done with the
patient’s leg in the Fig. 4 position.

Passive and active knee extension and flexion should be assessed and compared
to the contralateral side. Passive and active internal and external rotation of the tibia
should also be assessed at 90° of knee flexion. There may be pain with full passive
external rotation, as well as with active internal rotation. Strength testing of the
affected knee should be compared to the contralateral side. There may be subtle
weakness with internal rotation of the leg.

Special tests to evaluate for a popliteus muscle strain or popliteal tendon injury
include Garrick’s Test and the Shoe Removal Maneuver. Additional tests should be
performed to rule out other concomitant injuries. Lachman’s Test (assesses ACL
stability), Posterior Drawer (assesses PCL stability), Valgus Stress Test (assesses
MCL stability); Varus Stress Test (assesses LCL stability); Dial Test, Posterior
Lateral Drawer, and ER Recurvatum (Posterolateral Corner): all are negative in iso-
lated popliteal tendon ruptures. Although McMurray’s Test should be negative in
isolated popliteal tendon ruptures, due to the relationship of the popliteal tendon
with the posterior horn of the lateral meniscus, there may be posterior joint line pain
with this maneuver.
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Garrick’s Test

The patient may be seated, supine or prone with the knee at 90°. The examiner
grasps the heel and foot and brings the tibia into internal rotation. The examiner
then instructs the patient to hold that position, while an external rotation force is
applied to the foot and heel (the patient is holding internal rotation against resis-
tance). A positive test is pain or tenderness over the proximal aspect of the popliteal
tendon with this maneuver.

Shoe Removal Maneuver

The patient is instructed to remove contralateral shoe by internally rotating affected
leg to reach the contralateral heel (as you would do to remove the shoe while stand-
ing). A positive test is posterior or posterolateral pain during the maneuver.

Symptoms are best reproduced by allowing the athlete to exercise just prior to
the physical exam. Having the patient run downhill just prior to evaluation may
assist in localizing pathology [12].

Imaging

Imaging is not necessary to confirm the clinical suspicion of a popliteus injury. It
may be used for confirmation and to rule out any concomitant injuries.

Plain radiographs are often normal. In chronic cases, there may be calcifications
visualized within the tendon. Musculoskeletal ultrasound (US) has recently emerged
as an alternative to advanced imaging. Advantages of US include the increasing avail-
ability of bedside US equipment, the relatively low cost of the procedure, the capacity
for dynamic evaluation, and the use of nonionizing radiation [14]. Due to its relatively
superficial origin, US is an excellent point-of-care imaging modality for viewing pop-
liteal tendon injuries (Fig. 17.3). US may show focal tendon enlargement, hyper-
echoic or hypoechoic signal within the tendon, or fluid within the tendon sheath.

The popliteus is visualized clearly on MRI. There may be increased signal within
the muscle or tendon. Focal tendon enlargement may also be identified.

Popliteal Tendon Rupture

With a popliteal tendon rupture, patients often report the acute onset of sharp pos-
terolateral pain, often with a perceived pop after trauma (direct or indirect). Many
patients report the inability to return to activity because of severe pain with ambula-
tion. Some will report perceived instability with ambulation.
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Fig. 17.3 Ultrasound
image of the lateral knee
shows a normal popliteal
tendon at its origin

Physical Examination of a Popliteal Tendon Rupture

There may be localized swelling at the area of the popliteal tendon. Due to the
intracapsular path of the popliteal tendon, there may also be an effusion. Palpation
should proceed along the popliteal tendon from its origin inferior and anterior to
the LCL. Significant swelling or inability to palpate popliteal tendon may indicate
a complete avulsion. A neurologic exam should be done to rule out concomitant
injuries to the common peroneal nerve. Decreased sensation over the proximal
anterolateral lower leg (common peroneal nerve), distal anterolateral lower leg
(superficial peroneal nerve: SPN), dorsum of the foot (SPN), or first webspace
(deep peroneal nerve: DPN) is suggestive of injury to the associated nerve.
Additionally, weakness in ankle dorsiflexion (DPN), great toe extension (DPN), or
ankle eversion (SPN) should be assessed. Passive and active knee extension and
flexion should be assessed and compared to the contralateral side. Patients may
exhibit decreased ROM or pain with both terminal flexion and extension. Passive
and active internal and external rotation of the tibia should also be assessed at 90°
of knee flexion. There may be pain with full passive external rotation, as well as
with active internal rotation. Strength testing of the affected knee should be com-
pared to the contralateral side. There may be weakness with internal rotation of the
tibia with the knee flexed to 90°.

Special tests to evaluate for a popliteal tendon rupture include Garrick’s Test and
the Shoe Removal Maneuver. Additional tests should be performed to rule out other
concomitant injuries, as noted above.
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Imaging

Plain radiographs may demonstrate displaced ossified fragments avulsed from the
lateral femoral condyle. US may be used to identify partial and complete tendon
ruptures. Popliteal tendon ruptures are easily identified on MRI.

Management

Popliteus muscle strain and popliteal tendinopathy are treated as other muscle
strains and tendinopathies throughout the lower extremity. Treatment plans typi-
cally include relative rest, anti-inflammatory medication, training modification
(may start with running on level surfaces or in the opposite direction on the track),
flexibility training, and evaluation of lower extremity biomechanics with corrective
physical therapy [9].

Treatment of popliteal tendon ruptures has not been well established, as there
is no consensus on the management of isolated popliteal tendon injuries. Support
in the literature exists for success with both operative and nonoperative treat-
ments (14). Operative treatment should be considered, if there is any instability
on exam. Operative treatment should also be considered, when the popliteal ten-
don rupture is associated with an osteochondral avulsion that could be reattached.
Partial popliteal tendon tears have also been successfully treated with surgical
repair. Nonoperative treatment, consisting of ice, rest, and range of motion exer-
cises, has also been successful (14). Physical therapy should start with non-
weight-bearing stability exercises and advance to weight-bearing stability

exercises as tolerated.

Demonstration Cases

Common Presentation

A competitive distance runner presents with the sudden onset of posterolateral knee
pain. The symptoms occurred suddenly midway through a training run; there was
no inciting event. The patient denies an indirect or direct trauma. The patient did not
hear or feel a pop; “it just started to hurt mid run.” The physical exam revealed a
small effusion, sharp localized pain in the posterolateral knee at the lateral femoral
condyle in the area of the origin of the popliteal tendon. MRI of the knee confirmed
an isolated popliteal tendon rupture.

MRI - coronal, sagittal, and axillary images of an isolated rupture of the popli-
teal tendon.
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The athlete was treated conservatively with rest, symptom control with oral anti-
inflammatory analgesics as needed, and physical therapy. She returned to nonre-
stricted running after 6 weeks of physical therapy and graded activity progression.

Uncommon Presentation

A professional soccer player presents with the immediate onset of posterior lateral
knee pain and swelling after a direct trauma. The athlete was chasing down a ball,
made a quick cut in the opposite direction, and was struck on the medial side of his
knee by an opposing player (i.e., he sustained a varus force on a fixed and externally
rotated knee). The physical exam revealed a small effusion and localized swelling
in the area of the origin of the popliteal tendon. The athlete was tender to palpation
in the posterolateral knee. This pain was increased with full active extension. MRI
of the knee confirmed an isolated popliteal tendon rupture.
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MRI —Coronal and axial view of an acute isolated rupture of the popliteal tendon.

The athlete was given the option of operative debridement versus physical ther-
apy. He elected for operative debridement but was lost to follow-up.

Pearls and Pitfalls

* Popliteus muscle strain or popliteal tendinopathy should be considered in
runners with posterior or posterolateral knee pain.

» Posterolateral pain associated with an acute effusion in a stable knee
should lead to suspicion of an isolated popliteal tendon injury.

 Isolated popliteal tendon ruptures are rare; thus, concomitant injuries must
be ruled out, specifically injuries to the posterolateral corner, PCL, poste-
rior horn of the lateral meniscus, common peroneal nerve, and/or tib-
ial nerve.
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Chapter Summary

Popliteal tendinopathy has been reported as the cause of lateral and posterolateral
knee pain.

Overuse injuries to the popliteus muscle develop gradually and are more com-
mon in runners. These injuries tend to be a result of biomechanical issues (overpro-
nation). Popliteal tendinopathy is commonly seen in athletes who run on hills or
banked surfaces or after downhill running, walking, or hiking [1, 6].

Rupture of the popliteal tendon may occur after a significant force to the knee.
This injury is more commonly seen in combination with an injury to other struc-
tures in the posterolateral corner of the knee. When a popliteal tendon rupture
occurs in isolation, the mechanism of injury has been less well defined. It is com-
monly seen in road traffic accidents or falls, during which the knee is hyperex-
tended. It might also be injured through impacts that force the knee into a varus
position.

Suggested Helpful Websites

https://www.sportsinjurybulletin.com/popliteus-assessment-and-rehabilitation

Chart/Table

Condition Popliteus muscle strain / popliteal tendinopathy

Description Overuse or tearing of the muscle fibers or muscle tendon unit of the
popliteus muscle

Epidemiology Seen more commonly in distance runners

Mechanism (common) | Downhill running or running on banked surfaces

History and exam Posterior or posterolateral knee pain

findings Point tenderness at the tendon origin (lateral femoral condyle)

Increased with resisted internal rotation of the tibia (with the knee at
90° of flexion

Management Relative rest

Activity modification (running on flat surfaces or in the opposite
direction on the track)

Flexibility training

Gait and biomechanical evaluation followed by corrective PT
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Condition Popliteal tendon rupture

Description Complete tear of the popliteal tendon from its proximal attachment to
the femur.

Epidemiology Rarely seen in isolation.

Mechanism (common)

Acute direct/indirect trauma to the anteromedial knee.

Sudden forcible external rotation of the tibia in a partially flexed knee.
Sudden forced varus in an externally rotated lower leg.
Forced hyperextension with the tibia in internal rotation.

History and exam Posterior or posterolateral knee pain after trauma.
findings Knee effusion may be present.

Point tenderness at the tendon origin (lateral femoral condyle).
Increased pain with resisted internal rotation of the tibia (with the knee
at 90° of flexion).

Management Currently, there is no consensus on the best treatment for isolated

popliteal tendon rupture.

Both operative and nonoperative treatments have been proposed.
Operative treatment is best performed in the first 3 weeks.

Operative treatment should be considered if there is any instability on
exam.

Operative treatment may also be considered when the popliteal tendon
rupture was associated with a bony avulsion.

Nonoperative treatment consists of rest and PT.

PT should begin with range of motion and advance to non-weight-
bearing stability exercises followed by weight-bearing stability
exercises as tolerated.
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Chapter 18 )
Hamstring Injury

Check for
updates

Jonathan Napolitano and Atul Gupta

Introduction

Hamstring strains and tears are among the most common injuries seen in sports.
Involvement of the distal hamstring is a rare yet important consideration in the
evaluation of a pediatric patient with posterior knee pain. Understanding the contri-
butions of the hamstring to knee function lays a foundation for how injuries to these
muscles cause dysfunction and pain at the knee. This chapter’s aim is to provide an
overview of the hamstring complex, pathology associated with its distal compo-
nents, and spectrum of treatments available to improve function and pain outcomes.

Anatomy and Function

The hamstrings are a group of three biarticular muscles, crossing both the hip and
knee joints posteriorly. During the gait cycle, the hamstring muscles antagonize the
quadriceps and are responsible for both hip extension and knee flexion with concen-
tric contraction. At higher speeds, this group of muscles plays a role in deceleration
of both hip flexion and knee extension with eccentric contraction. Additionally, the
hamstrings serve to stabilize both the hip and knee joints throughout the gait cycle.
The distal hamstring tendons act in conjunction with the anterior cruciate ligament
(ACL) to prevent anterior tibial translation; therefore, hamstring strengthening has
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become an important component of ACL prevention programs [1]. Each of these
muscles has a large distal tendon that originates deep within the muscle belly and
runs close to the entire length of the muscles [2]. The central tendon is attached to
the muscle fibers in a symmetric pennate arrangement, like a feather. These long
tendons allow for a “spring” effect of contraction and lengthening that accentuates
performance but also leads to injury susceptibility [3]. From medial to lateral, this
muscle group includes the semimembranosus, the semitendinosus, and the biceps
femoris (Fig. 18.1).

The semimembranosus originates from the superolateral portion of the ischial
tuberosity of the pelvis. The proximal tendon of the semimembranosus is the lon-
gest proximally of the three hamstring muscles and courses both medial and ante-
rior to the other muscles of the posterior thigh [4]. The muscle belly of the
semimembranosus is the largest of the three, generating the greatest force but also
the slowest velocity [5]. The distal tendon of the semimembranosus inserts on the
posterior aspect of the medial tibial condyle. The distal tendon of the semimembra-
nosus crosses that of the medial gastrocnemius at the posteromedial knee. This
intersection has been identified as the most common location for the “stalk” of a

Fig. 18.1 Hamstring
anatomy

Biceps femoris
muscle

Semitendinosus (long head)

Semimembranosus Biceps femoris
muscle

(short head)
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popliteal cyst. There is a chapter on popliteal cyst, which can provide more informa-
tion on that condition.

The semitendinosus and long head of the biceps femoris originates from the
inferomedial portion of the ischial tuberosity dividing from a conjoint tendon to
become two separate muscles. The semitendinosus is named for its long distal ten-
dinous component formed at the midpoint of the posterior thigh, and the longest
distal tendon of the three hamstrings [1]. The distal tendon courses medially over
the medial femoral condyle, to the anterior medial tibia condyle, where it joins the
tendons of the gracilis and sartorius to form the pes anserine. There is a chapter on
pes anserine pain, which can provide more information on that condition.

From the conjoint tendon the long head of the biceps femoris courses laterally
down the thigh deep to the Iliotibial band. The short head of the biceps originates
from the lateral supracondylar ridge of the femur, thus acting only at the knee joint
and not at the hip. The origin of the short head of the biceps is commonly used as
the level to differentiate a proximal from distal hamstring injury [6]. The distal ten-
dons of the long and short heads of the biceps femoris form a complex network of
attachments to the fibular head, the iliotibial band, the lateral collateral ligament, the
posterior lateral tibial condyle, and the posterolateral joint capsule at the level of the
posterior horn of the lateral meniscus [7]. This complex is key to providing rotatory
stability to the posterolateral corner of the knee. There is a chapter on posterolateral
corner injury, which can provide more information on that condition.

The semimembranosus, semitendinosus, and long head of the biceps femoris are
innervated by the tibial component of the sciatic nerve, primarily the L5 nerve root
but with additional input from S1 and S2. The medial hamstring reflex can be used
to evaluate the L5 nerve root. The short head of the biceps femoris is innervated by
the common fibular branch of the sciatic nerve and can be tested in electromyogra-
phy as the last muscle innervated before the common fibular nerve crosses the fibu-
lar head, a common site of entrapment or injury.

Pathology and Dysfunction

The powerful and complex hamstring muscle group is highly vulnerable to injury.
Hamstring injuries account for up to 29% of all injuries in athletes [8]. In the pedi-
atric, skeletally immature athlete, the weakest link in the kinetic chain is the ischial
apophysis, which begins to ossify between the ages of 15 and 17. This apophysis
does not fuse to the ischium until the ages of 19 to 25 [9]. Injuries to the hamstrings
themselves are more common proximally than distally. The most common location
of muscle injury is the proximal myotendinous junction [6, 10, 11]. These proximal
injuries are out of the scope of this book on knee injuries, and the remainder of this
chapter will focus on middle-to-distal hamstring injuries.

Hamstring injuries are typically the result of an eccentric muscle contraction or
elongation against contraction and not caused by contact. Hamstring injuries range
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from a mild strain to a complete rupture. In the mildest injuries, only the myofibrils
are damaged, releasing creatine kinase and resulting in pain. More severe injuries
involve disruption of the extracellular matrix, fascia, and myotendinous architecture
with the release of muscle enzymes, collagen and proteoglycan degradation, and
local inflammation. When this damage involves the blood vessels supplying the
muscle, this leads not only to increased bleeding and bruising but can result in a
local ischemic environment, leading to additional muscle damage and impaired
healing.

Various factors have been identified for their contribution to hamstring injuries,
including but not limited to the following: high training volume, poor hamstring and
quadriceps flexibility, poor muscle strength, improper or no warm-up, muscle
fatigue and overexertion, and various anatomic imbalance of muscle strength and
posture [3]. Many of these factors are especially applicable to the pediatric and
adolescent athlete. For example, during periods of rapid growth, hamstring flexibil-
ity and muscle balance is lacking, potentially leading to increased risk of injury.

Specific Pointers
Epidemiology

A systematic review and meta-analysis of risk factors for hamstring injury in sport
by Frecklton and Pizzari identified age as a significant risk factor for hamstring
injury, with athletes over the age of 23 at an increased risk (OR:2.46, 95% CI 0.98
to 6.14, p = 0.06) [12]. Gabbe et al. attributed the increased risk with age to signifi-
cant differences in hip flexor flexibility, hip internal rotation, and ankle dorsiflexion
range of motion, total body weight, and body mass index, when comparing athletes
older or younger than 20 years of age [13]. The majority of studies on hamstring
injuries in athletes report highest incidence between 18 and 30 years of age. Valle
et al. reported on 50 hamstring injuries among a large cohort of 1157 young athletes
with an average age of 13.56 years and with the youngest hamstring injury occur-
ring in a 9-year-old. They reported an age-related increased rate of injury with a
peak incidence at age 17 [14]. Most commonly, hamstring injuries are seen in sports
that involve explosive running, rapid acceleration and deceleration, kicking, and
hurdling, including soccer, football, track and field, and dance.

Mechanism of Injury

The mechanism of hamstring injuries most commonly is an acute tensile overload.
This can happen anywhere along the length of the hamstring from the proximal
insertion on the ischial tuberosity, the proximal muscle tendon, the intramuscular
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area, the distal muscle tendon junction, or the distal insertions on the tibia and fibula
[3]. Regardless of the location, acute hamstring injuries occur, most commonly,
while sprinting full speed or attempting to overstride, immediately before or after
foot contact. Distal hamstring injuries are often seen with hyperextension of the
knee [15].

Hamstring injuries, less commonly, occur with chronic low-grade tensile over-
load forces, leading to microtear and tendinosis, or in the skeletally immature ath-
lete apophysis at the bony origin.

Diagnosis: History and Exam Findings, Testing
History

With an acute hamstring injury, most athletes report a sudden sharp pain to the pos-
terior thigh or knee. Injuries can occur with hip flexion and knee extension or hip
extension with knee extension. The history may or may not include the report of a
single identifiable stride as the cause of injury or an audible or palpable “pop.” In a
case series of professional soccer players with acute hamstring injuries, the timing
of the injury was not discernible on video analysis [16]. Athletes who have sus-
tained distal hamstring injuries often report a knee hyperextension moment and a
sense of knee instability [15].

Physical Exam

After hamstring injury, most athletes present with a “stiff-legged” gait pattern in an
attempt to avoid simultaneous hip flexion and knee extension [17]. While examin-
ing the patient in the prone position, there may or may not be swelling or ecchymo-
sis to the posterior thigh or knee (Fig. 18.2). Ecchymosis can be an indication of a
more severe injury, indicating significant macrotearing of the hamstring.

Despite the location of pain or bruising, the exam should include the entire ham-
string from ischial tuberosity down to the distal insertions on the tibia and fibula.
Palpatory exam may reveal a focal defect, secondary to muscle retraction, or, more
consistently, focal tenderness over the muscle, tendon, or bony insertion.

In the prone position, hamstring strength should also be assessed with the knee
flexed to 90 degrees against the examiner’s forced extension to 30 degrees and com-
pared to the contralateral side. This position reproduces an eccentric load to the
hamstring and may help to identify the location of injury more precisely. Higher-
grade injuries may demonstrate decreased knee flexion strength; however, dimin-
ished strength may also be a result of fear avoidance or guarding in more mild
injuries.
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Fig. 18.2 Posterior thigh ecchymosis

Range of motion should be assessed in the supine position, assessing the popli-
teal angle with the hip and knee both flexed to 90 degrees and slowly extending the
knee. This should be compared to the contralateral side.

Inspection, palpation, strength, and range of motion are often sufficient to iden-
tify a hamstring injury, but the Puranen-Orava test and bent-knee stretch test are
specialized tests with moderate-to-high validity and reliability in identifying both
proximal hamstring tendinopathy and strain; they may also be positive with a distal
hamstring injury [18]. The bent-knee stretch test is performed in the supine position
with the knee and hip placed into full flexion. The knee is then extended with repro-
duction of pain indicating a positive finding. The Puranen-Orava test is performed
in a standing position with the knee fully extended and foot on a low-lying table.
The spine is then flexed forward with a positive exam reproducing pain.

If a distal hamstring pathology is suspected, the physical exam should also
include an evaluation of the other structures of the posterolateral corner. This should
include a varus stress test of the lateral collateral ligament (LCL), a posterolateral
drawer test (posterior drawer test with foot externally rotated to 15 degrees), and a
dial test. Please refer to the chapter on posterolateral corner injury for more
information.
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Testing

The physical exam is the most beneficial diagnostic tool for most hamstring inju-
ries; however, in skeletally immature athletes, and in those in which an insertional
injury is suspected, radiographs should be obtained to evaluate for a bony avulsion.
This includes an AP view of the pelvis to evaluate the ischial tuberosity or an AP
and lateral view of the knee to evaluate for distal avulsion fractures.

To grade the extent of injury better, soft tissue imaging modalities can be very
helpful, as well. Point-of-care musculoskeletal ultrasound (US) can be used to eval-
uate the hamstring from origin to insertion for convenient, timely, and reliable infor-
mation in the clinic or training room. Detected abnormalities can range from a bony
avulsion with displacement of the hyperechoic bony cortex, a tendon or muscle tear
or rupture with hypoechoic signal within a muscle or tendon, or a more subtle par-
tial tear or strain with loss of the normal muscle or tendon architecture and sur-
rounding edema or hematoma. US can also be used to monitor interval healing of a
hamstring injury. An added benefit of US is directly correlating a region of pain on
palpation with pathologic changes. US has been shown to be as sensitive as mag-
netic resonance imaging (MRI) in imaging acute hamstring injuries, though it is
important to mention that the diagnostic utility of US is highly operator depen-
dent [19].

A noncontrast MRI of the thigh has been shown to be more reliable than US for
deeper hamstring injuries and, therefore, frequently viewed as the modality of
choice due, in part, to the reliability and availability across institutions [19]. A T2
hyperintense signal on MRI represents muscle or tendon edema or hemorrhage in
the setting of acute injury. Sagittal and coronal sequences on MRI can also best
longitudinally approximate the amount of muscle or tendon retraction in complete
avulsions or ruptures. When there is a concern for a severe distal hamstring injury
and knee instability, a noncontrast MRI of the knee is best to evaluate and differenti-
ate the extent of a distal hamstring injury in the setting of concomitant posterior
lateral corner injuries, as outlined above.

Management

Goals in managing hamstring injuries are focused on returning an athlete to his/her
prior level of function while minimizing risk for reinjury.

Initial management strategies depend on the severity of the injury. In the most
severe situation of a complete distal hamstring avulsion injury, surgical referral
should be urgent [20], though the more common scenario of hamstring strains will
follow a three-phase progressive rehabilitation protocol.

Phase 1 in rehabilitation, the acute phase, focuses on the reduction in pain and
edema and on the prevention of excessive scar formation. The RICE (rest, ice, com-
pression, elevation) protocol can be used during this phase of healing. Nonsteroidal
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anti-inflammatories (NSAIDs) or acetaminophen can be used for pain reduction
during this phase. There lacks consensus around the use of NSAIDs during this
early phase in recovery, as some data have shown NSAIDs impair muscle function
and recovery, when used in this phase [21]. Immobilization can be considered but
should be limited to less than 4 days to prevent excessive scar formation [22]. Short-
term immobilization can also prevent excessive scar formation and contracture [23].
Range of motion during this phase is important but should be within a protected
range of motion. A shortened stride with ambulation is recommended. The use of
crutches is considered, when the injury is higher grade and the patient’s functionally
is limited. Avoidance of resistance training during this phase is also strongly recom-
mended, and progressive agility and trunk stabilization exercises should be per-
formed at only low-to-moderate intensity. Progression to phase II can occur when
there is a normal, nonantalgic gait; the ability to jog pain free at low speed; and the
ability to perform an isometric hamstring contraction in prone knee flexion at 90
degrees with at least 50-70% the total resistance force of the uninjured contralateral
hamstring [24].

Phase II, the subacute phase, will focus on pain-free range of motion, correction
of muscle imbalances, neuromuscular control, and low resistance eccentric loading
of the hamstring. Emphasis is placed on a progressive increase in intensity and
speed of exercises for neuromuscular control, agility, and trunk stability, based on
tolerance. Strength should be maximized in mid ranges of motion. End range of
motion loading should be limited during this phase in recovery. Pain medications
during this phase can lead to overwork and further injury of the healing hamstring;
therefore, they are generally not recommended during this phase of rehabilitation.
Ice is the pain relief option of choice in this phase of recovery. Completion of this
phase occurs with two specific parameters. The first is a pain-free isometric contrac-
tion with full resistance in a prone position and the knee flexed to 90 degrees. The
second is the ability to jog both forward and backward at 50% maximum speed.
This phase is the preparation phase for exercises specific for return to sport or activ-
ity [24].

Phase IIT will focus on higher level neuromuscular control and eccentric loading
exercises. Multidirectional movement activities and an increase to full strength uti-
lization at end ranges of motion should be emphasized during this phase. Return to
activity criteria include lack of palpatory tenderness over the injury, full concentric
and eccentric strength without pain, and absence of kinesiophobia [24].

Injectable Therapeutic Options

- There is very limited data on the use of corticosteroids for the treatment of ham-
string strains. Levine et al. looked retrospectively at a group of 58 professional
football players, who received corticosteroid injection within 72 hours of hamstring
strain onset. Their primary conclusion was that steroids did not cause any



18 Hamstring Injury 165

detrimental side effects and that there may be an accelerated recovery time for
return to play [25]. Corticosteroids have been shown to be both myotoxic and teno-
toxic [26], and data are lacking on a proven benefit.

Platelet-rich plasma, most commonly known as “PRP,” is a regenerative medi-
cine treatment that involves injecting a concentrated solution of platelets into a dam-
aged area within the body to enhance the body’s own ability to heal. It is considered
to both accelerate healing early during injury recovery and to promote healing when
rehabilitation efforts have not resolved pain and functional limitations. PRP has
been shown to increase the expression of myogenic molecules within the body,
thereby modulating anabolic and myogenic responses to injury [27]. Studies have
both supported and refuted the efficacy of PRP injection for accelerated return to
play after hamstring injury and prevention of injury recurrence. Rossi et al. used
return to play and recurrence rate as outcome measures in a study comparing PRP
injections (34 patients) to control (38 patients) with hamstring injuries [28].
Rehabilitation course post-injection was standardized [28]. Mean time to play was
4.9 days faster in the PRP versus control group (p = 0.001) [28]. In this study, the
rate of recurrence did not show a statistical difference between the groups [28].

Sheth et al. published a systematic review looking at the benefit of PRP on a
standard return-to-play rehabilitation program for a variety of muscle injuries. This
study looked at 268 athletes across five studies with follow-up at 12 months [29].
When incorporating all muscle groups, there was a six-day decrease in return to
sport noted in those who received a PRP injection; however, with a subgroup analy-
sis focusing just on hamstrings, there was not a noted difference between control
and PRP groups [29].

Another paper by Reurink et al. did not find a difference between hamstring
reinjury rates in athletes who received PRP injections in acute hamstring strains
versus those who did not [27].

Additional high-level randomized controlled trials that standardize for the intrin-
sic makeup of PRP being used are needed to confirm whether there is truly a benefit
in using platelet-rich plasma injections for hamstring injuries.

Injury Prevention

Hamstring strains occur during excessive eccentric loading of the muscle tendon
unit; therefore, eccentric strengthening has been proven to be the mainstay of ham-
string injury prevention. Specifically, the Nordic hamstring lowering exercise has
been shown to be effective in limiting recurrence of injury [22]. (Fig. 18.3) This
exercise is performed with the athlete in an upright kneeling position. The feet and
calves are stabilized by an assistant, and the patient maintains the hips and knees in
parallel. The patient then lowers his body (from knees to chest) to the floor in a
controlled fashion. Research has shown that use of the Nordic hamstring exercise
reduces the rate of hamstring strains by more than 60% and reduces the rate of
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Fig. 18.3 Nordic hamstring exercise

recurrence by 85% [22]. The addition of neuromuscular control exercises of the
lumbopelvic and lower extremity region have also been shown to help prevent
injury [23]. Lastly, varying trunk positions for activity or sport-specific drills has
been shown to reduce the hamstring injury occurrence rate [24]. Another key pre-
vention strategy, especially in the pediatric athlete, is maintenance of good ham-
string flexibility.

Demonstration Cases

Common Presentation

A 17-year-old female soccer player chases a ball to prevent it from going out of
bounds. The sudden increase in speed causes a severe sharp pain with an associated
snapping sensation in the posterior thigh. The player is able to limp off the field with
support. There is no immediate bruising or ecchymosis. Tenderness is appreciated
along the distal third of the posterolateral thigh. No palpable focal defects are appre-
ciated. Knee range of motion incites pain over the region. Lachman maneuver, ante-
rior drawer test, McMurray’s, and dial test of the knee are all negative. There is
reproducible pain with knee flexion strength testing. A point-of-care US performed
in the locker room 3 hours post-injury shows small areas of hypoechogenicity
involving 25% of the distal myotendinous junction of the hamstring.

A moderate distal hamstring strain of the biceps femoris is diagnosed. The player
should be taken through a structured and graduated rehabilitation program as noted
above, followed by a return-to-play protocol.
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Uncommon Presentation

A 14-year-old male football player begins to develop posterolateral knee pain insid-
iously through the preseason football practices of his freshman year. He does not
recall a specific event but rather a discomfort-like feeling that slowly becomes more
noticeable. His only prior medical history is a history of Osgood-Schlatter disease
2 years ago. He feels the pain predominantly, when his foot is planted with the knee
in full extension or hyperextension. The pain noticeably limits his ability to move at
full speed.

He comes into the clinic for evaluation. On exam, he exhibits no focal defects in
muscle structure, no visible knee effusions anterior or posterior, and no skin discol-
oration. He is tender over the posterolateral knee. He has full knee range of motion
and strength testing. Popliteal angle is only 45 degrees bilaterally. He has a negative
anterior drawer, Lachman, McMurray’s, Thessaly’s, and dial test. He does have a
positive bent-knee stretch test and Puranen-Orava test. Simulated sprinting in the
clinic reproduces pain. X-rays do not reveal any bony abnormalities or avulsion. No
further imaging is indicated.

His diagnosis is consistent with a mild strain of the distal hamstrings, as a result
of poor flexibility. Rehabilitation for this type of injury would focus on a progres-
sive rehabilitation program of the hamstring (as noted above) and on hip flexor
stretching, followed by return-to-play protocol.

Pearls and Pitfalls

* Acute isolated distal hamstring injuries are rare, and special consideration
should be given to a full knee evaluation to rule out concomitant postero-
lateral corner injury.

* Hamstring injury recurrence rates are high and most often seen in the first
3 weeks of return to sport.

* The Nordic hamstring strengthening exercise has been proven to be benefi-
cial in injury prevention.

Chapter Summary

Distal hamstring injuries are rare but an important injury consideration in the dif-
ferential diagnosis of posterior thigh and knee pain in the adolescent patient. It is
important to understand that the hamstring is a biarticular tendon-muscle complex
that crosses both the hip and knee. This makes it susceptible to both stretch and
eccentric load type injuries. Rehabilitation from distal hamstring injuries can be
achieved with a graduated protocol and progressive return to play. Platelet-rich
plasma injections have not been rigorously studied to prove efficacy in strain-like
injuries, though safety of use has been identified in the available literature [27-29].
Prevention is aimed at maintaining flexibility and working on progressive eccentric
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loading exercises, with the Nordic hamstring lowering exercise proving to be supe-
rior in prevention management [23].

Chart/Table for Review

Condition Hamstring Injuries

Description Acute or chronic strain of biarticular muscle crossing the hip and knee
at the posterior thigh

Epidemiology Age-related increased rate with a peak incidence at age 17
Explosive sports involving rapid acceleration and deceleration, kicking,
and hurdling

Mechanism Hyperextension of the knee

(common) Excessive eccentric load with hip flexed and knee extended

History and exam Audible pop with inability to continue play

findings Ecchymosis and/or palpable defect

Pain with passive stretch of knee extended with hip flexed

Management Graduated rehab protocol
Focus on hamstring stretching and eccentric loading
Progressive return to sport
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Chapter 19
Gastrocnemius Injury

Lindsay W. Jones

Anatomy and Normal Function

The gastrocnemius or “calf muscle” consists of two heads and is located within the
posterior fascial compartment of the leg. It spans two joints, the knee and the ankle.
The medial and lateral heads of the gastrocnemius originate from their respective
femoral condyles and join the soleus muscle at the mid to distal third of the posterior
leg to form the common tendon, called the Achilles tendon. This tendon then inserts
onto the calcaneus posteriorly. Another related muscle is the plantaris, running par-
allel to the gastrocnemii, originating just superior to the lateral gastrocnemius, and
coursing between the two to the medial aspect of the Achilles, often joining it or
occasionally inserting on the posterior medial calcaneus adjacent to the Achilles
insertion. Occasionally, a sesamoid bone may be found in the lateral head of the
gastrocnemius. This is often referred to as a “fabella.” The function of these muscles
is to plantar flex the foot and to flex the leg at the knee.

Pathology and Dysfunction

Injury pathology related to the gastrocnemius is typically a strain or small tear at the
myotendinous junction or the muscle belly of the medial head of the gastrocnemius
[6, 7]. Rarely, it may present with posterior medial knee pain, related to an avulsion
injury at the proximal aspect of the medial head. This injury occurs more often in
skeletally immature patients. Injury to this area results in an inability to ambulate
with a normal heel-toe foot progression, due to pain at the injury site. Knee flexion
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beyond 30—45 degrees and terminal knee extension may be limited, secondary to
pain. The chosen resting position is typically flexion to 20 or 30 degrees, as full
extension causes pain, as well.

Specific Pointers
Epidemiology

While the gastrocnemius muscle is commonly injured in adults, it is less commonly
associated with pediatric musculoskeletal injuries [6, 7]. Nonetheless, it does occur
on occasion, typically in young adults rather than in children. There is no known
gender propensity identified in the literature. Gastrocnemii injury occurs more com-
monly in basketball, soccer, lacrosse, football, or any other sport that involves rapid
knee flexion and plantar flexion of the foot with change of direction and push off [7].

Mechanism of Injury

The typical mechanism of injury occurs during eccentric contraction of the gastroc-
nemius complex with resultant traction at the medial head of the gastrocnemius.
The knee is typically flexed, and a sharp pain occurs at the posterior medial knee
while planting the foot or pushing off with the foot to change to the contralateral
direction. Alternative mechanisms of injury include forced dorsiflexion of the foot
with the knee extended and knee hyperextension injuries with a planted foot [2,
3,5-7].

Diagnosis

Components of history reported may include sudden onset of pain, followed by an
antalgic gait; development of edema or ecchymoses at the level of the injury; and
distal pain, improved with rest, ice, and/or nonsteroidal anti-inflammatory medica-
tions, and worsened with activity and ambulation [6]. Examination often demon-
strates superficial edema, occasional ecchymoses, and invariable tenderness at the
site of injury. Pain may be reproduced at the end-range of knee extension, with knee
flexion beyond 45 degrees, with foot dorsiflexion, and/or with activation of the gas-
trocnemii in resisted knee flexion and resisted plantar flexion. Similarly, there may
be pain with functional testing, including walking with a normal heel-toe progres-
sion; performing squats, both double and single leg; raising up on the toes; heel
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walking; and jumping. If pain is located near the origin of the gastrocnemius, at the
knee, radiographs should be obtained to evaluate for an avulsion injury, typically at
the medial head of the gastrocnemius [2, 3, 7]. This can be seen best on the lateral
view. If pain is located at the belly of the muscle, not related to the knee, radio-
graphs may not be warranted, unless there is concern for a tibial or fibular stress
fracture/reaction. Advanced imaging, such as MRI, may be useful to evaluate the
displacement of an avulsed bony fragment or to identify a radiographically occult
medial gastrocnemius avulsion fracture [3—-5]. MRI may also be considered if there
is clinical suspicion for a proximal fibular stress fracture.

Management

Treatment of gastrocnemii myotendinous injuries is different from that for a bony
avulsion injury. Strain pattern injury management generally consists of instituting a
minimum of 10 days of rest from activity (with the affected leg); immobilizing the
leg in a pneumatic walking boot, depending on severity of injury and difficulty with
daily activities; applying ice 2 to 3 times per day for 20 minutes; and using NSAIDs
regularly for 3—5 days. Return to normal walking, followed by gradual progression
back to regular activities over a 4- to 6-week time-frame, is a typical recovery time-
line for this injury. Occasionally, physical therapy is employed to regain baseline
activity level and to prevent re-injury [7, 8].

Medial head of the gastrocnemius avulsion injury is typically managed nonop-
eratively; however, if there is displacement of the bony fragment on radiographs or
MRI, surgical fixation should be considered [2, 3, 7, 8]. Treatment of the avulsion
injury is similar to that of other fractures at tendon insertions, including nonweight
bearing for 4-6 weeks, with gradual progression to weight bearing, as tolerated,
after evidence of bony healing [8]. Medication management with an NSAID is rec-
ommended, as needed, for severe pain. Cryotherapy, elevation, and gentle compres-
sion may also be utilized for pain management. Full return to activity usually occurs
within 3 months. Physical therapy is not always utilized, unless there is residual
pain or range of motion limitation.

Demonstration Cases

Common Presentation

A 13-year-old male football player presents with acute onset of right posterior
medial knee pain, while pushing off on the affected leg to cut around another player.
He denies a notable popping sensation at time of injury. His pain was persistent, and
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he required assistance off the field, as he was unable to ambulate after the injury.
Mild swelling developed in the calf region. He presented for evaluation at the spe-
cialist’s office within 3 days of the injury. Examination was notable for an antalgic
gait and limited knee range of motion, lacking 5 degrees of extension and 30 degrees
of flexion, due to pain. Strength was intact with resisted knee and ankle motion.
There was no appreciable knee effusion. He was neurovascularly intact. His radio-
graphs were normal, without obvious fractures or abnormalities, and with open phy-
ses. His pain improved gradually and resolved by week 5 of rest and limited weight
bearing. He had a full recovery without residual concern or limitations.

Uncommon Presentation

Anl8-year-old male football player presented after a direct blow by an opponent’s
shoulder to the anterior knee while the foot was planted. The athlete had immediate
pain and inability to ambulate. The athletic trainer assessment on the field included
no deformity and an intact neurovascular examination distal to the injury; however,
given the concern for possible vascular disruption, based on the mechanism of
injury, the patient was transported by emergency medical services (EMS) to the
local trauma center for evaluation. Diagnosis of avulsion of the medial head of the
gastrocnemius was made by radiographs, and an MRI ruled out associated injuries.
Nonoperative management with nonweight bearing for 6 weeks was followed by a
gradual return to activity.

Posterior knee dislocation has been reported in the literature as a rare mechanism
for avulsion of the medial head of the gastrocnemius. It is more common in high
velocity trauma, such as car accidents or skiing, than in team sports [2, 3]. When the
mechanism for gastrocnemius avulsion includes dislocation, there are typically
multiple associated injuries, including ligamentous and meniscal tears [2—4].

Pearls and Pitfalls
A key element of the injury history for gastrocnemius injury is acute onset.
Patients typically recall the exact moment the injury occurred. Any reference
to an insidious onset, progressive pain, or an overuse pattern of injury is less
likely to be consistent with this diagnosis [2, 3, 6, 7].
Inspection may be normal; however, there is usually an area of tenderness
on palpation and reproducible pain on activation of the gastrocnemius [2].
This injury can be confused with a few alternative conditions. The differ-
ential diagnosis list includes posterior medial or lateral meniscal tear, with or
without a Baker’s cyst; posterior medial or lateral corner injury; and distal
hamstring injury, including medial- or lateral-sided, semimembranosus or
semitendinosus, and biceps femoris, respectively.
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Chapter Summary

Gastrocnemius injuries, causing posterior knee pain in the pediatric population, are
rare and may be related to an avulsion at the origin of the muscle. Older pediatric
patients may have muscle-tendon strain patterns of injury, typically seen in the
adult population; however, those injuries present with posterior leg pain, rather than
knee pain. Patients with a gastrocnemius avulsion present with acute onset pain
after injury playing sports and usually describe an eccentric contraction at the knee
with a planted foot. Pain is located posteromedially and is worse with full flexion
and extension, as well as with ambulation. Nearly all gastrocnemius injuries, includ-
ing avulsions, heal with nonoperative management. Despite the rarity of this condi-
tion, understanding the anatomy and presentation of the injury is necessary for the
proper evaluation and management of patients presenting with posterior knee pain.

Condition Knee-related gastrocnemius injury

Description Avulsion injury at the bony origin of the medial head of the gastrocnemius
muscle—tendon unit

Epidemiology Exceedingly rare and often missed, when present

Mechanism Eccentric contraction of the muscle with a flexed knee and planted foot; may
(common) be more likely, if the tibia is externally rotated

History and Acute onset posterior medial knee pain in a skeletally immature athlete,
exam findings while playing sports; subsequent pain with movement.

Exam notable for antalgic gait, tenderness over the posteromedial knee at the
femoral origin of the medial gastrocnemius.

Management 3-6 weeks of conservative care, including rest from weight bearing;
avoiding eccentric muscle activation; compression, elevation, icing, NSAIDs
for a short course of treatment or as needed for pain management.

Gradual return to sport using pain as a guide, once normal ambulation has
resumed and full painless range of motion has returned.
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Chapter 20
Posterolateral Corner Injury

Jeffrey M. Mjaanes

Anatomy and Normal Function

The lateral compartment of the knee is inherently unstable compared to the medial
compartment, given the opposing convexities of the lateral femoral condyle and the
lateral tibial plateau [1]. Several primary structures (Fig. 20.1) contribute to stability
of the posterolateral knee: the lateral (fibular) collateral ligament (LCL), the poplit-
eus muscle—tendon complex, the popliteofibular ligament (PFL), and the posterolat-
eral capsule.

The LCL attaches proximally on the lateral femoral condyle and distally on the
fibular head. This ligament serves as the primary restraint to varus opening of the
knee, especially in the initial degrees of knee flexion.

The popliteus tendon attaches proximally on the lateral femoral condyle, and the
muscle has its distal attachment on the posteromedial tibia. From the tendon origi-
nate three popliteomeniscal fascicles that attach to the lateral meniscus and confer
stability. More distally, the popliteofibular ligament connects the popliteal myoten-
dinous junction to the fibular styloid and aides in stabilizing the knee against exter-
nal rotation forces.

Finally, the lateral portion of the joint capsule itself provides some stability to the
knee. The dual-layered, thickened lateral joint capsule has confluences and connec-
tions with numerous lateral compartment structures. A Y-shaped thickening of the
posterolateral capsule, which attaches the fibular styloid to the lateral gastrocnemius
and the oblique popliteus ligament, is also referred to as the arcuate ligament.
Related structures that confer dynamic stability include the biceps femoris, the ilio-
tibial band (ITB), and the lateral gastrocnemius.
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Fig. 20.1 Illustration of
posterolateral knee.

A. Popliteus muscle/
tendon. B. Popliteofibular
ligament (PFL). C. Lateral
gastrocnemius. D. Lateral
collateral ligament (LCL)

Pathology and Dysfunction

PLC structures act synergistically to resist external rotation of the tibia, posterior
translation of the tibia, and varus stress to the knee. Injuries to the PLC can,
therefore, result in instability in posterior and lateral directions. The extent of
disability often correlates with the specific structure(s) injured and/or the degree
of injury.

Isolated injury to the LCL may result in varus, but not posterior, instability espe-
cially at lesser degrees of knee flexion; however, injury to the popliteus complex and
PFL can result in posterolateral instability, especially at higher degrees of knee
flexion, due to diminished ability to withstand external tibial rotation.

Additionally, most PLC injuries do not occur in isolation. Studies indicate that
the majority of PLC injuries occur in combination with ruptures of the anterior
cruciate ligament (ACL), the posterior cruciate ligament (PCL), or both [2]. The
PCL serves to limit posterior translation of the tibia, especially with increased
degrees of knee flexion; the posterolateral corner (PLC), though, acts as the pri-
mary restraint to posterior translation as the knee nears full extension; therefore,
a high-grade injury to both the PCL and the PLC will result in a significantly
unstable knee at all degrees of flexion. In a combined injury, the clinician should
maintain a high index of suspicion for a knee dislocation, which spontaneously
reduced. This should prompt a thorough assessment of neurovascular structures,
especially the popliteal artery and common peroneal nerve. Evidence indicates
that 15-29% of PLC injuries have an associated common peroneal nerve
injury [4, 8].
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Specific Pointers
Epidemiology

PLC injuries have been traditionally thought to be uncommon to rare; however, they
are becoming increasingly recognized and studied in sports medicine. Given that
these injuries are under-reported, their true incidence is unknown, but they are esti-
mated to represent 5-9% of all knee injuries [3]. Typically, these injuries result from
significant force, such as motor vehicle collisions, falls, and high-speed sports,
including football and rugby. They can occur regardless of age and gender. Common
mechanisms of injury to the PLC include a direct blow to the anteromedial tibia,
contact and non-contact hyperextension, external rotation twisting injury, contact or
non-contact varus force, or a direct blow to a flexed knee [6]. Injuries can also occur
with dislocations of the knee joint [1].

Diagnosis: History and Physical Exam

The initial step in diagnosis is to obtain an accurate history of the injury and any
symptoms present. The clinician should inquire about the manner the injury occurred
and should suspect a PLC injury in cases with one of the common mechanisms
described earlier. The clinician should inquire about feelings of instability in the
joint, any associated numbness or tingling along the anterolateral lower leg and
dorsum of foot, and any weakness, especially with ankle dorsiflexion and toe
extension.

Acutely, the physical exam may reveal intra-articular swelling, as well as tender-
ness of the posterolateral structures. The patient may be unable to bear weight, or
the gait will likely be significantly antalgic. In chronic cases of PLC injury, gait
typically takes on a ‘“varus thrust” pattern, in which the lateral compartment sub-
luxes into varus on foot strike. A complete ligamentous exam, including assessment
of the anterior and posterior cruciate ligaments, is imperative, due to the high fre-
quency of concomitant injuries.

On exam, special testing can be utilized to evaluate the integrity of the various
PLC structures.

The varus stress test is used to assess the LCL. The test is first performed by
applying a varus stress on the knee at 0 degrees of flexion. Then, the examiner pas-
sively flexes the knee to 20-30 degrees and, using the exam table to stabilize the
thigh, again applies a varus stress to the knee. In both cases, the clinician assesses
the degree of laxity, or opening, on the lateral joint line. Comparison to the unaf-
fected knee is advised. Greater laxity at 30 degrees often correlates with significant
injury to the LCL, while positive varus stress at 0 degrees suggests injury to other
posterolateral corner structures, in addition to the LCL.
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A test of posterolateral rotation, the dial fest can be done with the patient supine
or prone. With the patient in the prone position and knees together, the examiner
grasps the ankles and flexes the knees to 30 degrees of flexion (Fig. 20.2). Then the
examiner externally rotates the feet. An increase in external rotation of 10 degrees
or more on the affected side indicates a posterolateral knee injury. The clinician then
repeats the test at 90 degrees of flexion. If external rotation increases at 90 degrees

Fig. 20.2 (a) Dial test at
90 degrees of knee flexion.
(b) Dial test at 30 degrees
of knee flexion
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of flexion compared to at 30 degrees, this is highly suggestive of a combined PLC
and PCL injury.

Several other tests exist to assess for posterolateral instability. In the posterolat-
eral drawer test, the patient is supine, and the clinician flexes the knee to 80-90
degrees, externally rotates the foot, and then applies a posterolaterally directed force
on the tibia (Fig. 20.3). If the lateral tibial plateau rotates externally and posteriorly
with respect to the medial plateau, the test is considered positive. In the external
recurvatum test, the examiner holds the supine patient’s great toes and lifts the heels
off the table. In the PLC-deficient knee, the tibia will rotate into varus as the knee
hyperextends compared to the unaffected side. Finally, one can also use the reverse
pivot shift test to assess the PLC. In this test, the clinician passively takes the knee
from 90 degrees of flexion to full extension, while applying a valgus load. At
approximately 20-30 degrees of flexion, the lateral tibial plateau will abruptly sub-
lux in the PLC-deficient knee, due to action of the iliotibial band.

Fig. 20.3 Posterolateral
drawer test. With the
patient’s knee flexed to
80-90 degrees, a posterior
and laterally directed force
(blue arrow) is applied to
tibia and clinician assesses
for external rotation and
posterior motion
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Imaging

Plain radiographs are indicated in cases of knee trauma. Often in PLC injuries
radiographs will be normal; however, occasionally they may demonstrate tibial pla-
teau or avulsion fractures. Avulsion injuries can involve the arcuate ligament off the
fibular head (the “arcuate sign”), the popliteal tendon from its femoral attachment,
the ITB from Gerdy’s tubercle, or the lateral capsule from the lateral tibial plateau
(“Segond fracture”).

MRI is a useful modality for revealing the injured structures in the complex pos-
terolateral corner. In addition to the standard sequences in the sagittal, axial, and
coronal planes, thin-slice coronal oblique images through the fibular head and sty-
loid may improve the accuracy, sensitivity, and specificity of identifying the LCL,
PFL, popliteus tendon, and other PLC anatomy. One study suggests that early MRI
(<12 weeks) is >90% accurate in diagnosing injuries to the posterolateral corner;
however, this decreases to 27%, when performed more than 12 weeks after injury [3].

Classification/Grading

The most commonly used classification system for PLC injuries is the Hughston
system. Grade I sprains have minimal-to-no (0-5 mm) laxity on varus stress,
minimal-to-no (less than 5 degrees) rotational instability on dial test, and no evi-
dence of capsule-ligamentous injury. Grade II injuries have moderate varus laxity
(6-10 mm lateral opening), moderate rotational instability (6—10 degrees), and par-
tial ligamentous injury. Grade 11l injuries have severe instability with >10 mm lat-
eral opening on varus stress, >10 degrees external rotational instability on dial test,
and complete ligament disruption [4].

Management
Non-operative

In low-grade PLC injuries, non-operative treatment may result in acceptable clinical
outcomes. In grade I and many grade II injuries, non-surgical management consists
of immobilization with a hinged knee brace in full extension and protected weight
bearing with crutches for 3—6 weeks, during which time the patient may engage in
isometric quadriceps strengthening. After the initial period of immobilization, the
patient begins a program of progressive motion, weight bearing, and strengthening.
Closed kinetic chain exercises, in which the distal end of the extremity is fixed on
the ground, may begin around 6-8 weeks; however, many clinicians advise avoid-
ance of hamstring strengthening exercises until 8—10 weeks post-injury. Resumption
of full activity tends to occur around 3—4 months.
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Operative

In grade III and some more severe grade II injuries, surgical intervention is often
indicated. Operative management may consist of direct repair or primary recon-
struction. Factors influencing surgical decision-making include the timing (acute or
chronic) and the nature (isolated or combined) of the injury.

Some controversy exists as to whether PLC repair is preferred over reconstruc-
tion, although most authors agree that earlier intervention, repair or reconstruction,
is favored over late reconstruction. Reasons cited for earlier intervention include
increased risks of later soft-tissue stretching and capsular scarring; ultimately, scar
formation may obscure the anatomy, especially the location and course of the com-
mon peroneal nerve [5]. Acute, isolated PLC injuries are often treated by direct,
anatomic repair, ideally within the first 3 weeks. Nevertheless, as mentioned, some
authors support early reconstruction over repair, citing increased failure rates with
repair [7]. For the LCL, acute high-grade ruptures may be treated with repair of the
intrasubstance tear and graft reconstruction. Avulsion and tibial plateau fractures
should be stabilized either with internal fixation or suture anchors. In any case,
many authors advocate postponing surgery by a week or two after injury to allow for
the acute inflammation to subside; arthrofibrosis may result from surgery, particu-
larly reconstructions, performed too early [2].

When the PLC is injured acutely along with other ligaments, surgical interven-
tion to all involved structures can be performed at the same time or in staged proce-
dures. At least one recent systematic review advocates for contemporaneous
intervention, revealing that repair of acute grade III PLC injuries with staged cruci-
ate ligament reconstruction is associated with a 38% failure rate; however, concur-
rent cruciate reconstruction results in a 9% mean failure rate [2]. Many surgeons
now opt for repair and reconstruction at the same time. In cases of chronic PLC
instability, reconstruction is performed with the goal of stabilizing the posterolateral
corner but not necessarily reestablishing the normal anatomic relationships of the
damaged structures.

Demonstration Cases

Common Presentation

A 19-year-old wrestler attempts to extend the left knee from flexed position in prac-
tice, when the opponent collides with the anteromedial knee forcing him into varus
with external rotation. The athlete feels and hears a pop and has immediate pain
over the posterolateral left knee.

On examination several days later, he has a mild effusion and tenderness along
the left lateral collateral ligament proximally, as well as along the lateral aspect of
the popliteal fossa. Range of motion and strength is normal. He has negative
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anterior and posterior drawer testing but has pain and 5 mm laxity with stress testing
the left knee at 30 degrees of flexion, compared to a painless firm endpoint on the
right. Varus stress testing at 0 degrees is symmetric. Dial test is negative.

MRI reveals a partial intrasubstance tear of the proximal fibers of the LCL, as
well as intrasubstance fluid within the soleus muscle and surrounding the popliteus
tendon distally (Figs. 20.4 and 20.5).

Fig. 20.4 Coronal MRI
showing attenuation in
signal of proximal LCL
(A) consistent with
partial tear

Fig. 20.5 Sagittal MRI
showing strain of popliteus
tendon (A) and fluid in
soleus muscle (B)
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The athlete was diagnosed with a grade I-1I LCL sprain and low-grade injury to
the popliteus. He was treated with hinged knee brace immobilization for 3 weeks,
followed by progressive rehabilitation, and was able to return to sport by 6 weeks
post-injury.

Uncommon Presentation

An 18-year-old football player is running with the ball, when he is struck from the
side and knocked off balance, forcing his extended right knee into varus, with resul-
tant hyperextension and external rotation. He is unable to bear weight and is trans-
ported off the field. He has significant pain in the entire right knee and rapidly
develops a hemarthrosis, as well as tingling along the dorsal aspect of his right foot.

On examination he has intraarticular swelling and tenderness along the lateral
aspect of the knee. He has significant difficulty actively flexing the knee. He has a
positive Lachman’s and anterior drawer test and significantly positive varus stress
testing at 30 degrees, with no firm endpoint noted on these tests. Dial test is positive
on the right compared to the left. He has intact sensation along the right lower
extremity distally, intact ankle dorsiflexion and great toe extension, and a normal
dorsalis pedis pulse.

Plain radiographs are unremarkable. An MRI is obtained, which reveals a com-
plete rupture of the anterior cruciate ligament (Fig. 20.6), partial tearing of the PCL
(Fig. 20.7), a complete avulsion of the biceps femoris and lateral collateral ligament
off the fibular head (Fig. 20.8), partial tearing of the popliteus tendon and arcuate

Fig. 20.6 Sagittal MRI
showing complete rupture
of the anterior cruciate
ligament (A). Vacant
normal anatomic location
outlined in black
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Fig. 20.7 Sagittal MRI of
same patient showing
thickened, tortuous
posterior cruciate ligament
(B), consistent with

partial tearing

Fig. 20.8 Coronal view
showing avulsion of the
biceps femoris tendon and
lateral collateral ligament
off the fibular head

(black arrow)

ligament (Fig. 20.9), tear of the posterolateral capsule, and a strain of the lateral
gastrocnemius.

The athlete’s knee was immobilized and a surgical consult obtained. Twelve days
post-injury, he underwent surgical intervention, consisting of anterior cruciate
reconstruction with patellar tendon autograft, primary repair of the LCL and biceps
femoris, and repair of the posterolateral capsule.

Post-operatively he was kept non-weight bearing for 4 weeks, and then he began
a progressive weight bearing, motion, and strengthening program. Full, pain-free
return to sport was achieved in 10 months of post-injury.
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Fig. 20.9 Partial tearing of
popliteus muscle—tendon
unit (C)

Pearls and Pitfalls

e Literature suggests that up to 70% of PLC injuries are misdiagnosed on
initial presentation [3]. Based on mechanism of injury, the clinician should
have a high index of suspicion for PLC injuries.

e Isolated PLC injuries are relatively rare entities. Combined injuries are
being more commonly recognized.

* Remember to perform a complete ligamentous evaluation, as well as a neu-
rovascular assessment to rule out concomitant injuries to the cruciate liga-
ments, popliteal artery, and common peroneal nerve.

e The clinician should become familiar with common tests for assessing the
integrity of the PLC, such as the varus stress test and the dial test.

e Earlier use of MRI may be more accurate in identifying injured structures

* Most grade I and grade II injuries can be managed non-operatively. The
general clinician should consider surgical consultation for all higher-grade
injuries. In acute injuries, earlier surgical intervention appears to lead to
improved outcomes.

Chapter Summary

The posterolateral corner is an often misunderstood anatomic region of the knee, yet
it plays a critical role in conferring stability against varus, external rotation, and
posterior forces. Injuries can span the spectrum from mild to severe and from
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Table 20.1 Chapter Review

Condition Posterolateral Corner (PLC) Injuries
Description Injury to one or more of the following structures: lateral collateral ligament
(LCL), popliteal muscle—tendon complex, popliteofibular ligament (PFL).
Often seen with concurrent injury to ACL, PCL, or both
Epidemiology High-energy injury: motor vehicle collisions, falls, high-energy sports
Mechanism 1. Direct blow to the anteromedial tibia
(common) 2. Contact and non-contact hyperextension
3. External rotation twisting injury
4. Contact or non-contact varus force
5. Direct blow to flexed knee
6. Knee dislocation
History and Posterolateral pain, intraarticular swelling, instability

exam findings

Positive varus stress test

Positive dial test

May have positive external rotation recurvatum, posterolateral drawer, and/or
reverse pivot shift tests

MRI useful in identifying injured structures

Management

Grade I and most grade II injuries can be managed non-operatively with
early immobilization followed by progressive motion, weight bearing, and
strengthening.

Grade III and some grade II injuries require surgical intervention. In general,
earlier intervention is preferred, and more commonly concomitant repair
and/or reconstruction of involved structures leads to improved outcomes.

isolated to involving multiple structures. In general, isolated injuries are now recog-
nized as rare, and the clinician should have a low threshold for suspecting concomi-
tant injuries to structures, such as the anterior or posterior cruciate ligaments, lateral
meniscus, popliteal artery, and peroneal nerve. Early diagnosis and management are
the keys to improved clinical outcomes. While low-grade injuries can be managed
non-operatively, higher-grade injuries, especially those involving multiple struc-
tures, should be treated surgically (Table 20.1).
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Chapter 21
Popliteal Cyst

Joseph M. Powers and Tracy Ray

Anatomy

The popliteal fossa is bounded superomedially by the semimembranosus and semi-
tendinosus and superolaterally by the biceps femoris. The two heads of the gastroc-
nemius create the inferior border. The popliteal fascia forms the roof of the fossa,
and the floor is formed by the posterior aspect of the distal femur [1, 2]. Popliteal
cysts, also known as the eponymously named Baker’s cyst, originate from the bursa
between the medial head of the gastrocnemius and the semimembranosus. There
may be occasional involvement of the subgastrocnemius bursa, as well [3].

In children, the majority of these cysts have no communication with the joint
capsule, may arise spontaneously, and may be referred to as primary popliteal cysts
[3-5]. In the adult population, popliteal cysts are frequently associated with a joint
effusion and internal derangement, and 70% of cysts communicate with the knee
joint [1, 6]. Popliteal cysts in children with communication to the joint via associ-
ated effusions from trauma or inflammatory conditions resemble those seen in
adults and may be termed secondary popliteal cysts [5].

Epidemiology

Popliteal cysts occur approximately twice as often in males compared to females
[4, 7]. The peak prevalence is 4-7 years of age, but they have been reported in chil-
dren as young as 2 [8, 9]. On retrospective review of pediatric knee MRIs, the
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prevalence of popliteal cysts has been estimated at 6.3%, considerably lower than
the adult population [10].

Associated Conditions

The majority of popliteal cysts in children arise spontaneously and are usually an
incidental finding on exam. There has been speculation that, in some cases, repeated
trauma to the popliteal fossa, such as swinging legs against the front a chair, may
lead to inflammation and bursal distension [5]. In most instances, however, there is
no clear precipitating event.

Intraarticular pathology, such as meniscal or ligamentous tears, chondral lesions,
or osteochondritis dissecans, may result in effusions; thus, popliteal cysts may be
observed with these conditions.

Children with juvenile idiopathic arthritis (JIA) may develop popliteal cysts,
which can become symptomatic. These are typically associated with underlying
joint effusions. Popliteal cysts may be noted in up to 61% of children with JIA [11].

Infectious causes of popliteal cysts are rare. There have been reports of Lyme
arthritis causing popliteal cyst development. Additionally, brucellosis, tuberculosis,
candidiasis, and aspergillosis have been implicated [12].

Rupture of a popliteal cyst may create inflammation and swelling of surrounding
soft tissues, mimicking thrombophlebitis. If swelling extends beyond the popliteal
fossa, consideration should be given to the diagnosis of deep venous thrombosis [13].

Other conditions rarely associated with popliteal cysts include connective tissue
disorders, such as Ehlers Danlos [4]. There has been one case report in the literature
of a ruptured popliteal cyst in a child with hemophilia A [14]. Additionally, there
has been one case of synovial sarcoma in a 13-year-old girl with bilateral popliteal
cysts [15].

Diagnosis

The majority of popliteal cysts will present with a history of fullness or mass in the
popliteal fossa without associated pain. Primary popliteal cysts may rarely be
observed bilaterally. If a history of trauma is elicited, a thorough examination of the
knee to evaluate for internal derangement should be undertaken. If other systemic
symptoms or additional joint involvement is suggested (i.e. effusion), a workup for
an underlying inflammatory condition should be considered.

On exam, the clinician will notice a fullness or mass arising behind the knee in
the popliteal fossa, typically involving the posteromedial aspect [5]. Physical exam
alone may be sufficient for diagnosis in many cases. For secondary popliteal cysts,
Foucher’s sign may be present as follows: when the knee is in full extension, the
gastrocnemius and semimembranosus muscles occlude passage of fluid from the
cyst into the intraarticular space, making the cyst more prominent and firm; when
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the knee is partially flexed, the cyst becomes more compressible and softer [16].
Transillumination has been described as one technique to investigate this area
further, as well [4].

Radiographs are frequently normal, when obtained in the workup of popliteal
cysts, although soft tissue swelling may be observed on the lateral view. The addi-
tion of a tunnel view may reveal irregularity of the chondral surface of the femoral
condyles that can be seen with osteochondritis dissecans. This condition may pro-
duce an effusion, causing a secondary popliteal cyst.

With the increasing availability of ultrasound, this modality may be considered
an excellent option for evaluating popliteal cysts. Serial exams may be conducted to
monitor changes in the appearance of the cyst. Ultrasound is also helpful for dif-
ferentiating a cyst from other soft tissue masses, such as soft tissue tumors [4].
Additionally, Doppler may be utilized to confirm the absence of blood flow to the
cyst, which may be seen with a popliteal artery aneurysm [13]. Ultrasound has also
been used to observe Foucher’s sign, in secondary popliteal cysts in the adult popu-
lation [16].

Under ultrasound, popliteal cysts will appear as a well-defined anechoic mass.
Occasionally, septations and synovial proliferation and thickening may be present.
Debris may be identified within the cyst, as well. With hemarthrosis, seen with
trauma or hemophilia, it may be possible to identify layering of the components
with ultrasound. Hemarthrosis may also produce synovial hypertrophy, secondary
to associated irritation. As previously mentioned, popliteal cysts may rupture, and,
in these cases, ultrasound will reveal a fluid collection with indistinct margins [13].

If there is concern for internal derangement, magnetic resonance imaging (MRI)
may be considered to evaluate further. Additionally, if atypical extension of the cyst
is suspected, the high-resolution and multiplanar imaging with MRI can help to
delineate the popliteal cyst further. For an isolated primary popliteal cyst, obtaining
an MRI is likely unnecessary [4, 13].

Vascular lesions, ganglion cysts, parameniscal cysts, synovial chondromatosis,
and soft tissue tumors should be considered in the differential diagnosis of popliteal
cysts [5].

Management

Observation alone is typically recommended for primary popliteal cysts. The pres-
ence of an associated effusion should prompt the clinician to probe for other pathol-
ogy. If underlying inflammatory disorders are identified, treatment may lead to
eventual resolution of the cyst. Similarly, if underlying structural pathology is pres-
ent, the cyst should resolve upon treatment of the causative condition.

There is no consensus in the literature regarding frequency of monitoring with
serial ultrasounds. Mean time to resolution has been reported from 28 to 35 months
with a wide range. Unless there is a change in clinical status, infrequent monitoring
is sufficient. If the cyst is enlarging or long standing, consider workup of JIA [5].
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Ultrasound can be used to guide aspiration of popliteal cysts, if more aggressive
treatment is desired. This may be considered in those with discomfort or if the cyst
is exerting mass effect on surrounding structures. There are no studies identified in
the literature in the pediatric population regarding aspiration of primary popliteal
cysts. Once again, if the popliteal cyst is secondary to underlying joint pathology,
treatment should be directed at the primary condition. If aspirating, care should be
taken to avoid the neurovascular structures within the popliteal fossa. Recurrence of
the cyst may occur after aspiration.

It has been suggested that popliteal cysts with involvement of the subgastrocne-
mius bursa may be more likely to persist on serial exams than those exclusive to the
gastrocnemio-semimembranosus bursa [3]. If asymptomatic, continued watchful
waiting may be all that is required.

Surgical intervention for primary popliteal cyst may be considered for those
patients with pain, restricted motion, or restricted activity after other secondary
causes have been ruled out and a sufficient period of observation has been
undertaken.

Demonstration Cases

Common Presentation

A 6-year-old male presents for evaluation of fullness in the right popliteal fossa. He
denies pain. His parents noticed the fullness approximately 1 month ago. They have
not observed a limp or other limitation in activity. There are no systemic symptoms.

On exam there is no evidence of effusion. There is fullness and the suggestion of
swelling in the posteromedial aspect of the popliteal fossa, but there is no tenderness
to palpation. The area of swelling is non-pulsatile. There is slightly restricted end
range flexion on the affected knee, which is pain free. Extension is full. Strength is
full bilaterally. There is a normal, non-antalgic gait.

Consideration could be given to ultrasound at this point to confirm the presence
of primary popliteal cyst. If the clinician is confident in the diagnosis of a primary
popliteal cyst, watchful waiting and observation until resolution of cyst would be
recommended.

Uncommon Presentation

An 8-year-old male presents for evaluation of fullness in the right popliteal fossa.
He notes occasional pain but has difficulty describing the quality of the pain. His
parents noticed the fullness approximately 1 month ago. They feel as though there
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may be some mild swelling of the knee and an occasional limp. Teachers and other
caregivers have also noticed the limp. There is no history of witnessed trauma, and
the child cannot recall any trauma. There is no significant family history for rheu-
matologic conditions.

On exam there is trace swelling and effusion. There is fullness and the suggestion
of swelling in the posteromedial aspect of the popliteal fossa. The area of swelling
is non-pulsatile. There is slightly restricted end range flexion on the affected knee,
which is pain free. Extension is full, as is strength bilaterally. There is a mild limp
appreciated, favoring the affected side.

Given the presence of an associated effusion, this is likely a secondary popliteal
cyst. At this point, further investigation of underlying inflammatory condition would
be warranted.

Pearls and Pitfalls

Most popliteal cysts in children are incidental, isolated findings that do not
cause pain or disability and have an excellent prognosis. Typically unilateral
and more frequently seen in males, primary popliteal cysts are expected to
resolve spontaneously. Diagnosis is based upon history and physical exam,
and may be supplemented by ultrasound or, occasionally, MRI. If a primary
popliteal cyst is identified, reassurance may be provided and watchful waiting
undertaken with repeat exams until resolution of the cyst is documented.

If other systemic symptoms are present or if there is associated joint effu-
sion or a history of trauma, a more thorough investigation is required to iden-
tify the causative source of the popliteal cyst. Resolution of the cyst would be
expected upon treatment of the underlying condition.

Condition Popliteal cyst

Description Primary—painless swelling over the posteromedial knee
Secondary—due to intraarticular pathology, inflammatory, or infectious
causes

Epidemiology More commonly seen in males (2:1), typically observed in early school age
years

Mechanism Primary—usually no associated trauma or mechanism. Speculation that mild
repetitive trauma may be implicated

History and Primary popliteal cysts may be incidental findings or brought to attention by

exam findings parents. Exam reveals fullness in the popliteal fossa. If other systemic
symptoms are present or there is a history of trauma, suspect secondary
popliteal cyst.

Management Primary—reassurance, watchful waiting, consider serial ultrasound
Secondary—treat the underlying condition
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Chapter 22
Medial Collateral Ligament Injury

Reno Ravindran

Introduction

The medial collateral ligament (MCL) is one of several ligaments of the knee. Its
main function is to provide stability to the medial knee against valgus, internal, and
external torque loads. The MCL is the most commonly injured ligament in the knee.
MCL injury can occur in isolation or in conjunction with anterior cruciate ligament
(ACL) and meniscal injuries.

Anatomy

The MCL is composed of three layers, including a thin layer that overlies the gas-
trocnemius, the superficial medial collateral ligament (sMCL), and the deep medial
collateral ligament (AMCL). The sMCL has a barbell configuration, a single point
of femoral insertion, and two distal tibial insertions. The first tibial insertion is more
proximal, inserts just anterior to the semimembranosus tendon, and is approxi-
mately 12 mm distal to the joint line. The second tibial insertion is more distal and
is, on average, 61 mm distal the joint line. It inserts just anterior to the posterome-
dial crest of the tibia. The two distal insertions of the SMCL have different biome-
chanical properties. The proximal insertion stabilizes against valgus forces in all
degrees of knee flexion, while the distal insertion is responsible for stability in
external rotation at 30 ° and 60 ° of knee flexion and in internal rotation [1].
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The dMCL is closely related to the joint capsule below the sMCL. Its main func-
tion is to help stabilize against valgus forces along with controlling internal and
external rotation. The dMCL has two components: the meniscofemoral and menis-
cotibial ligaments. The meniscofemoral ligament has its first insertion immediately
distal to the insertion of the SMCL in the femur approximately 15.7 mm proximal to
the femoral joint line. The second is shorter and thicker and inserts on average
3.2 mm distal to the joint line and 9 mm proximal to the sMCL [1].

Epidemiology

The MCL is the most commonly injured ligament in an athlete’s knee. The annual
incidence of MCL injuries among high school football players is 24.2 per 100,000
athletes [1]. Contrary to historic teaching that ligamentous injury is rare in skele-
tally immature athletes, MCL injuries represent 26% of all knee injuries in high
school athletes [2]. Approximately 10% of isolated MCL injuries will be bony avul-
sion injuries rather than purely ligamentous sprains. Nearly 78% of patients who
sustain a grade III MCL injury can have an injury to another associated structure.
MCL injuries are most commonly seen in skiing, football, soccer, rugby, wrestling,
and ice hockey. Football and soccer injuries tend to be higher grade, while injuries
from skiing and wrestling tend to be lower grade. Male athletes are 2.62 times more
likely than female athletes to sustain an MCL injury [3].

Mechanism of Injury

Although MCL injuries can occur after contact and noncontact valgus forces, the
majority of MCL injuries are contact injuries. Most athletes with an MCL injury
will describe an impact to the lateral side of the knee, while the foot was planted.
Patients may say the knee “popped” or felt like it was “collapsing” or “buckling
inward.” They will pinpoint their pain to the medial aspect of the knee, anywhere
along the MCL. Some will complain of pain with weight-bearing or of loss of knee
motion, due to pain; others may feel the knee collapse or “wobble” with each step.
Most MCL injuries involve the sMCL at the proximal insertion on the femur [4].

Diagnosis

An initial thorough physical exam should consist of inspection for swelling, effu-
sion, or any open wounds and any signs of neurovascular compromise. Significant
deformity or neurovascular compromise can suggest a fracture or dislocation of the
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knee, which should prompt reduction (if neurovascular compromise is suspected or
evident), immobilization, and transport to the hospital. Ecchymosis can be seen on
the medial aspect of the knee in the context of grade II and III injuries. Localized
swelling may be present on the medial aspect of knee and may help differentiate a
femoral-area MCL injury versus a tibial-area MCL injury. Palpation around the
knee, including along the course of the MCL, can also help to localize the area of
injury. As the MCL is extra-articular, the presence of an effusion should clue the
examiner into an associated intra-articular or other concomitant injury [4].

Laxity stress testing of the MCL is the mainstay of the ligament’s examination.
Valgus stress of the knee at various degrees will help determine the extent of the
injury. Based on the exam, MCL injuries are graded as grade I, II, and III injuries.
Grade I injuries are stretch injuries or microscopic tears to the ligament with no
significant disruption. With Grade I injuries the patient may elicit pain with valgus
stress but no increased laxity. Grade II injuries show partial tears of the ligament.
Patients with these injuries will have pain with valgus stress and have increased lax-
ity, as compared to the contralateral side. Grade III injuries are full, or near full,
thickness tears of the ligament. Grade III injuries are associated with gross laxity
and pain with valgus stress [4].

Stress testing of the ligament begins with the patient lying supine and his/her leg
resting in extension on the table. The examiner will place his/her contralateral hand
at the medial ankle or lower leg, while the ipsilateral hand supports the posterolat-
eral knee. The examiner will then apply a valgus force by pushing on the medial
ankle/lower leg at 0 °and at 30 ° and pay attention to any amount of laxity (compar-
ing to the patient’s contralateral side). Grade I laxity is 0—5 mm opening with pain
and a firm endpoint. Grade II laxity is 5—10 mm opening with a less firm endpoint.
Grade III laxity is >10 mm opening with no endpoint. A functional grading system
involves laxity at specific degrees of the exam. Minimal laxity seen at 30 ° with
minimal pain is a grade I. Laxity at 30 ° but stable at O ° is a grade II injury, and
laxities at both 30 ° and 0 ° suggest a grade III injury (Fig. 22.1) (Table 22.1).

Fig. 22.1 Valgus
examination of medial
collateral ligament




200 R. Ravindran

Table 22.1 Functional 0 ° of flexion |30 ° of flexion

grading system Grade I | Stable 0-5 mm
Grade I | Stable 5-10 mm
Grade III | >10 mm >10 mm

Fig. 22.2 X-ray Notch
view demonstrates Salter—
Harris III fracture of the
distal femoral condyle

Imaging

X-rays are the first-line imaging tests to evaluate a knee injury. X-rays are not
always necessary for isolated MCL injuries but are of benefit to assess for associ-
ated bony fractures or avulsion injuries that may occur along with an MCL injury.
Standard anteroposterior (AP) and lateral views, along with a notch view and sun-
rise view, are sufficient views in the pediatric patient. These views will also assess
the physis to rule in or out a Salter—Harris fracture that may present as laxity on
valgus stress testing [4] (Fig. 22.2).

Magnetic resonance imaging (MRI) is the gold-standard imaging test to assess
for MCL injury, as it allows for the best evaluation of the degree and location of the
injury. It can also depict any concomitant injuries to other ligaments, the physis, the
menisci, and cartilage. If a grade I MCL injury is noted on exam and no other injury
is suspected, an MRI is not necessary to manage the patient. In the setting of an
effusion, questionable physeal injury, chondral defect, or other ligamentous injury,
an MRI is warranted [4].
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Fig. 22.3 Coronal MRI
images demonstrates grade
III tear of medial collateral
ligament with surrounding
edema (blue arrow)

The coronal images (i.e. images obtained in an anterior-to-posterior direction)
using T-1 and T-2 weighted sequences will demonstrate edema along the MCL in
the setting of a grade I injury and disruption of fibers with grades II and III injuries
(Fig. 22.3). Axial plane images (i.e. images obtained in a superior-to-inferior direc-
tion) can demonstrate edema along the posteromedial corner and suggest dMCL
involvement. The sagittal plane images (i.e. images obtained in a right-to-left direc-
tion) evaluate the posterior meniscofemoral and meniscotibial ligament attachments
[4]. With a valgus mechanism a lateral femoral condyle bone contusion may also be
evident on MRIL

An MRI can also suggest which medial-sided knee injuries should be considered
for surgical intervention. Injuries with medial structures entrapped in the knee, also
known as a stener-like lesion, should be surgically repaired. A stener lesion is when
the sSMCL detaches off the tibial insertion and entraps above the pes anserinus ten-
dons, which would also require surgical repair [4].

Computed tomography (CT) is useful for evaluating bony ligament avulsion
injuries, as well as for assessing fractures and osteochondral injuries.

Ultrasound (US) has gained momentum in the past few years as an imaging
modality for soft-tissue injury around the knee. As US machines are becoming
more available and affordable, more clinicians are becoming better skilled at evalu-
ating injuries, such as MCL injuries. US can assess the location of the tear and, in
expert hands, the degree of the tear. Practical use of US is still restricted at this
time, given the limited US experience and training for sports medicine and ortho-
pedists [4].



202 R. Ravindran
Management

MCL injuries can oftentimes be managed non-surgically. Isolated grade I and II
MCL injuries are almost always managed non-surgically, as are grade III injuries at
the femoral insertion. Grade III tears at the tibial insertion have been shown to have
better outcomes with surgical intervention [3].

Non-operative management for grade I and II MCL injuries includes the use
of a hinged knee brace and a prescription for physical therapy (PT). Therapy
goals are broken down into three phases. Phase 1 focuses on protecting the injury
in a hinged knee brace and resting. The therapist will help to reduce inflammation
and swelling via ice, cold whirlpool and other modalities, such as electrical-stim-
ulation, ultrasound, and other compressive units. The therapist will also help the
athlete regain full knee motion, strengthen surrounding muscles, and normalize
gait. Phase 2 focuses on increasing strength; initiating regional therapy, including
work on the core, hip abductors, external rotators, and biomechanics; and starting
aerobic activity, like jogging in a straight line. Phase 3 focuses on functional
progression, including running, agility, plyometrics, and sport-specific move-
ments [3].

The timeline for return to sport varies and depends on the extent of the injury, the
athlete’s sport and position, and associated injuries. Grade I injuries, on average,
typically take 1-2 weeks to return to sport, whereas grade II injuries can take
4-6 weeks. The criteria for returning to sport include being pain free with full range
of motion, having no instability on exam, and displaying symmetric muscle strength.
Grade III injuries can average 6—8 weeks before return to sport and may require a
period of bracing and absolute rest before rehabilitation. For example, management
may include using a hinged knee brace locked in 10 degrees of flexion and mainte-
nance of non-weight bearing with crutches for 2 weeks, as this author prescribes;
there is no consensus at this time. After the 2 weeks, rehab can begin, if the clinical
examination demonstrates less laxity [3].

Upon returning to sport, some providers might prescribe a hinged knee brace
with activity; however, this practice is debated and not supported by evidence.

Outcomes for grade I and II MCL injuries managed non-operatively are typically
good to excellent. Athletes can often return to sport at their previous level of activity
with no concerns.

Non-operative treatment for grade III injuries remains controversial with
some showing good results and others showing chronic laxity and early arthritis.
MCL injuries at the tibial insertion have been shown to have less healing capac-
ity than those at the femoral origin; therefore, grade III MCL injuries at the
tibial insertion have been shown to have better outcomes with surgical interven-
tion [3].
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Demonstration Cases

Common Presentation

A 16-year-old male soccer player came into the office with a right knee injury,
which he sustained three days prior at his playoff game. The other team’s midfielder
slide tackled him on his lateral side, while he was running. He felt his knee buckle
“inwards” and heard a pop. He went to the ground immediately with pain. Initially,
he was unable to bear weight and had to be helped off the field by his teammates.
He had been icing his knee and using crutches since the injury. He noted feeling
better but was scared to bear his full weight on that leg. He ambulated into the office
on crutches and was non-weight bearing.

On examination, he had a mild swelling noted on the medial aspect of his proxi-
mal knee. His range of motion was full in extension and slightly limited in flexion,
due to pain. He was tender to palpation on the medial distal femur and mildly in the
medial joint line. Valgus stress at 0 ° elicited pain but no laxity. Valgus stress at 30 ©
elicited pain and mild laxity. The rest of his exam was benign. He had a four-view
X-ray series done in the office, which was normal.

He was diagnosed with a grade II MCL sprain. He was then placed in a hinged
knee brace and told to wean off the crutches as tolerated over the next few days and
to ice 15-20 minutes at a time as often as every hour with precautions not to keep it
on longer than that timeframe. He underwent physical therapy for range of motion,
strength, and functional progression and was seen in follow-up in clinic after
3—4 weeks.

At follow-up in 4 weeks, he looked great with full, painless ROM. He was pro-
gressing well in PT. The goal was for him to return to soccer over the next 1-2 weeks.

Uncommon Presentation

A l4-year-old female soccer player came into the office after being “trucked” by an
opposing player the night before. She was not quite sure what happened to her knee,
but she had been tackled and fallen to the ground. She had tried to stand up, but she
had felt a sharp pain in her knee and fallen back to the ground. The athletic trainer
covering the game had run onto the field to assess. The athletic trainer had per-
formed a valgus test and noticed gross laxity and had been unable to complete any
other testing, due to pain. The player had been helped off the field and placed on
crutches and advised to follow up in the sports medicine clinic with concerns for an
MCL injury.
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She ambulated into clinic on crutches and was non-weight bearing. Upon exami-
nation, she was noted to have a large effusion. Her knee ROM was limited to 70 ° of
flexion and lacked the last 20 © degrees of extension. She had a very difficult exam,
prompting X-rays to be obtained before the rest of the exam was completed. She
had a four-view of X-ray series, which showed a Salter—Harris III fracture of her
distal femur, which was only seen on the notch view (Fig. 22.2). She was then
placed in an immobilizer brace for stability, scheduled for an emergent CT scan, and
referred to Orthopedic Surgery for surgical planning.

She went on to have an arthroscopically assisted open reduction and internal
fixation of a right distal medial femoral condyle physeal intra-articular fracture. She
was non-weight bearing for 4 weeks in a hinged knee brace locked in extension. She
started PT at 8 weeks post-op and progressed well back to soccer and basketball
4 months later.

Pearls and Pitfalls

e Always be aware of growth plate injuries in the setting of a valgus injury
in a skeletally immature athlete.

* An effusion in the knee likely indicates a concomitant intra-articular or
patellar injury in the setting of a valgus injury and should be investigated
accordingly.

e Most MCL injuries can be managed non-operatively.

Chapter Summary

The MCL is one of the most commonly injured knee ligaments. Most MCL injuries
can be managed conservatively, but some require surgical intervention. A thorough
history and a solid physical exam, combined with imaging, can help determine the
best course of treatment. Treatment for MCL injuries ranges from conservative
treatment, with bracing and rehab, for incomplete tears to surgical repair for com-
plete tears. Clinical outcomes are generally favorable, with most patients returning
to baseline activity levels.

Condition MCL Injury

Description Stretch/tear of the MCL, leads to instability at medial aspect of knee

Epidemiology Most commonly injured knee ligament. MCL injuries represent 26% of all
knee injuries in high school athletes

Mechanism Valgus stress

(common)

History and exam | Valgus injury. Pain and swelling on medial aspect of knee. Laxity at the

findings medial knee when a valgus stress is applied.

Management Conservative management for Grade I and II injuries. Surgical

management for Grade III, if the MCL is torn off of the tibia insertion
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Chapter 23 @
Pes Anserine Pain Syndrome S

Larry M. Cowles and Anthony I. Beutler

Anatomy and Normal Function

The pes anserinus is a multilayered complex, which lies on the inferior medial
aspect of the knee. This complex is comprised of three tendons, which are normally
arranged in two layers, with the partially overlapped gracilis and semitendinosus
tendons laying inferior to the sartorius tendon. This arrangement of tendons gives
the appearance of a goose foot, pes anserinus in Latin (Fig. 23.1) [1-3]. Between
the tibia and tendon structures lies the anserine bursa, which originates at the tibial
joint line and extends to the insertion of the pes anserinus. This bursa acts as a buffer

Fig. 23.1 Pes Bursa and
associated pes
anserine tendons

[l Pes Bursa M Conjoined Tendon
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or cushion that allows the pes anserine tendons to glide over the tibia and medial
collateral ligament [2, 3].

The main function of the sartorius is to flex, adduct, and internally rotate the hip.
In addition, it functions as a secondary knee flexor. The gracilis is responsible for
hip adduction and also assists with knee flexion. The semitendinosus works collec-
tively with the semimembranosus and biceps femoris to flex the knee and extend
the hip.

Pathophysiology

The pathophysiology of Pes Anserine Pain Syndrome (PAPS) is not well defined.
Historically, pain was thought to be due to inflammation of the pes anserine bursa,
but studies have rarely shown inflammation of the bursa [4]. More current pathogen-
esis models suggest that PAPS is due to tendinopathy of one or more of the above
tendons. Our clinical experience shows that the semitendinosus is most commonly
the culprit. In the rare cases of true anserine bursitis, the patients experience visible
swelling, more than pain [5]. Because tendinopathy is very rare in the pediatric
population, PAPS in children would likely be due to either direct trauma or a com-
bination of highly abnormal biomechanics and overuse [6].

Specific Pointers

Author’s note: In over 20 years of clinical sports medicine practice, we do not
remember seeing a case of PAPS in a pediatric athlete with open growth plates. If
we have missed one or two, there is no harm done as PAPS is not life/limb threaten-
ing. In that same 20+-year span, we have, however, seen several pediatric patients
who have been misdiagnosed with PAPS, when what they really have is a tibial
growth plate fracture. Missing a tibial growth plate fracture can have severe conse-
quences (growth arrest, leg length discrepancy, permanent disability, etc.). Hence,
we recommend that pediatric evaluation of medial knee/proximal tibial knee pain
should first rule out the more common and much more serious tibial growth plate
fracture before entertaining the rare and rather inconsequential diagnosis of PAPS.

Epidemiology

No current epidemiological information exists for PAPS in the pediatric population.
Some studies of epidemiology have been done in the adult population, including a
large, population-based study in Mexico, which had a prevalence of 0.34 percent in
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13,000 surveyed individuals [7]. Another study had a prevalence of 0.54 percent of
males and 0.7 percent of females out of 4240 subjects from three indigenous groups
from Mexico and one from Argentina [8]. In all cases, there was a higher prevalence
in middle-aged overweight women, who also had knee osteoarthritis.

Mechanism of Injury

The vast preponderance of information on the mechanism of injury is related to the
adult patient, as PAPS in the pediatric patient is rare. Extrapolating from adult cases,
it is likely that PAPS in the pediatric patient would be caused by improper knee
mechanics, overuse, direct impact to the area, or a combination of these factors. As
stated above, patients with improper mechanics, such as varus (Fig. 23.2) or valgus
(Fig. 23.3) deformities, as well as true leg length discrepancies are likely predis-
posed to a pes anserine injury.

Fig. 23.2 Demonstration
of varus deformity
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Fig. 23.3 Demonstration
of valgus deformity

Diagnosis

The diagnosis of PAPS in the pediatric population is rare, and care should be taken
to rule out other potentially harmful conditions that can present as PAPS. Clinical
presentation of PAPS features medial knee pain, often worse with exertion, and
tenderness to palpation over the upper posteromedial tibia between the tibial joint
line and pes anserine insertion (Fig. 23.4) [9]. In most cases, there will be an absence
of swelling [10].

Physical Exam

e Visual inspection—assessment of knee alignment may reveal a valgus or varus
deformity.

e Palpation—palpation over the medial knee should reveal localized pain over the
conjoined tendons of the pes anserinus and/or pes anserine bursa (Fig. 23.4).
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Fig. 23.4 Palpation of pes
bursa and associated pes
anserine tendons

[ Pes Bursa I Conjoined Tendon

Tenderness at the medial joint line may suggest a different diagnosis, such as a
meniscal tear, meniscal cyst, or osteosarcoma. To distinguish between joint line
tenderness and pes tenderness, we recommend that examiners palpate the semi-
tendinosus tendon as it runs from the pes anterior to posterior, 1-2 cm below the
joint line. Since semitendinosus tendinopathy is a common culprit in PAPS, ten-
derness at this point below the joint line suggests PAPS as a primary pain genera-
tor. Conversely, minimal tenderness over the semitendinosus tendon would
suggest a joint line source of pathology.

e Range of motion—a normal range of motion with possible increased pain at full
extension would be expected.

e Strength—a decrease in effort may be seen, due to pain, otherwise a normal
strength test should be seen.

* Neurovascular—no abnormalities should be present.

* Provocative tests—there are no specific provocative tests for this condition; how-
ever, pain may be expected with both varus and valgus stress testing.
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* Radiography—X-rays are not indicated, if true pes anserine bursitis is suspected;
however, x-rays with follow-up advanced imaging are recommended in the pedi-
atric patient with bony tenderness at the knee.

e Ultrasonography—If available in office, an ultrasonic examination of the knee
could be used to obtain more detailed anatomical information. An obvious fluid
collection in the bursa or thickened heterogeneous tendon insertions suggest
PAPS; however, as stated above, in many cases no fluid collection exists and
tendinopathy is very uncommon in pediatric patients, especially those with open
growth plates.

Differential Diagnosis

 Tibial growth plate fracture versus proximal tibial stress fracture

» Tibial osteomyelitis

e Other masses in the medial knee (i.e. hemangioma, lipoma, bursal cysts)
* Snapping pes anserinus and medial friction syndrome

e Other bursitis in the medial knee

e Medial meniscus tear

e Medial meniscus cyst

* Medial collateral ligament sprain

* Fat pad tenderness

Management

Initial therapy—Although diagnosis of PAPS in the pediatric population is rarely
seen, treatment would be similar to what is commonly accepted in the adult popula-
tion. The initial treatment of PAPS includes use of an analgesic and/or short-term
nonsteroidal anti-inflammatory drugs (NSAIDs), quadriceps-strengthening exer-
cises, and, if indicated, core, gluteal, and short hip rotator strengthening. Weight-
reduction programs can also be effective in the overweight patient. Since PAPS is
thought to be related to an underlying knee condition, such as an angulation defor-
mity (e.g. valgus or varus), local treatment measures typically provide only transient
relief. Strengthening exercises are preferred, as they strengthen the muscles acting
on the knee, as well as improve the patient’s overall fitness. Given the rarity of the
condition, no long-term studies of exercise for PAPS in the pediatric population
have been published.

Persistent symptoms—PAPS in the pediatric patient should resolve with proper
rest and rehab, as their young bodies have amazing healing potential. In patients
who have difficulty performing strengthening programs, due to pain, or fail to
improve with initial therapy, a local glucocorticoid injection can be considered.
However, in the rare pediatric patient where steroid injection may be indicated, it
should be a one-time event. The need for repeated steroid injections in a pediatric
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athlete indicates that the correct culprit causing the pain has not been identified.
Anecdotal evidence and clinical experience suggest that one-time steroid injections
are safe for pediatric patients of any age. Because they are performed so rarely, there
are no large studies confirming this experience-based recommendation. For the pro-
cedure, the patient is positioned in a supine position with slight flexion of the
affected knee. For landmark-guided injections, trace the medial thigh muscles as
they become tendinous, cross the medial joint line, and insert into the pes anserine.
Find the point of maximal tenderness along the tendons, usually 1-2 cm inferior to
the medial joint line and slightly anterior from medial collateral ligament. The nee-
dle is kept parallel to the tibia and inserted into the point of maximal tenderness
down to the bone then withdrawn slightly before the injection is performed [6]. The
preferred injected solution is 2 mL of lidocaine 1 percent without epinephrine and
40 mg methylprednisolone or triamcinolone acetonide [6, 11].

Demonstration Cases

Classic Presentation

A 17-year-old right arm/leg dominant female high school soccer player presented to
your clinic describing painful swelling of her medial left knee for approximately
2 weeks. The athlete reported that she has had similar pain in the past but was not
seen for it. This time the pain seems to be lasting longer and worsening over time.
She also noted that the coach has been running them a lot lately, as the team has
been having a bad season.

Physical Examination

The athlete was well developed, well nourished, and presented in no acute distress.
Inspection of the left knee showed moderate swelling of the posteromedial knee
without erythema, ecchymosis, or obvious effusion. Observation of stance revealed
mild genu valgum of the knees. Inspection of the feet, while weight bearing, dem-
onstrated a flattening of arches and marked pronation bilaterally. Physical examina-
tion of the left knee demonstrated exquisite tenderness to palpation over the
posteromedial knee with underlying sponginess. Normal range of motion with
approximately —5 © of extension and 130 ° of flexion was noted; however, pain
increased at the ends of motion. Bilateral hip examination was also pain free and
demonstrated normal full range of motion. Strength testing revealed 5/5 strength
symmetrically in the lower extremities to manual muscle test. A Trendelenburg test
was performed, and a sagging of the right pelvis was noted, when in left single leg
stance. A single leg squat was performed, and medial deviation of the knees L > R
was also noted. McMurray test, Lachman test, and varus/valgus stress test were
all normal.
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Diagnostic Evaluation

Dynamic real-time ultrasound evaluation was performed, and evaluation of the
medial and proximal tibia demonstrated no bony abnormalities. There was no evi-
dence of medial meniscus pathology or parameniscal cysts. A moderate hypoechoic
fluid signal was seen within the pes anserine bursa.

Nonclassic, but More Common Pediatric Presentation

A 15-year-old male high school wrestler presented to your clinic describing an achy
pain of the left posteromedial knee. The athlete reported that approximately 2 weeks
ago, before the onset of symptoms, during a wrestling match, he noted a sharp pain
in the posteromedial aspect of the knee, when his leg was forcefully placed into a
valgus strain. This event caused the wrestler to terminate participation in the wres-
tling competition that day, due to pain. The sharp pain lasted 48 hours and then
decreased to a dull ache.

Physical Examination

The athlete was well developed, well nourished, and presented in no acute distress.
Inspection of the left knee showed slight swelling of the posteromedial knee without
erythema, ecchymosis, or obvious effusion. Physical examination of the left knee
demonstrated tenderness to palpation over the posteromedial knee with slight
underlying sponginess. Pain free, normal range of motion with approximately —5 °
of extension and 130 ° of flexion was noted. Bilateral hip examination was also pain
free and demonstrated normal full range of motion. Strength testing revealed 5/5
strength symmetrically in the lower extremities to manual muscle test. McMurray
test, Lachman test, and varus/valgus stress test were all normal.

Diagnostic Evaluation

Dynamic real-time ultrasound evaluation was performed, and evaluation of the
medial and proximal tibia demonstrated no bony abnormalities. There was no evi-
dence of medial meniscus pathology or parameniscal cysts. No hypoechoic fluid
signal was seen within the pes anserine bursa. As per protocol, with bony knee
tenderness to palpation in the pediatric population, bilateral knee radiographs dem-
onstrated open growth plates but no obvious abnormality. Advanced imaging with
MRI demonstrated increased fluid signal in the proximal tibial growth plate, most
evident on T2 images, consistent with a Salter—Harris type 1 growth plate injury.
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Pearls and Pitfalls

As with many periarticular joint injuries in the pediatric population, one must
keep a broad differential. A complete history to include red flag symptoms,
such as night pain, fever, weight loss, and limp, may direct the diagnosis to
infection, occult fracture, or malignancy. As outlined above, this is especially
important in suspected PAPS, since occult fracture is actually more common
than PAPS in the pediatric athlete with open growth plates.

Chapter Summary

In pediatric cases with medial knee pain, the differential is broad. It may include Pes
Anserine Pain Syndrome; however, PAPS should be low on the differential and may
be safely omitted, if the child has open growth plates. In a skeletally mature pediat-
ric athlete with overuse and/or anatomic risk factors and pain located directly over
the pes anserine and bursa, with or without swelling—if X-rays are negative for
bony involvement, and red flag symptoms (such as night pain, fever, and weight
loss) are negative—then PAPS can be considered. Treatment should include physi-
cal therapy to strengthen any core, hip, and or knee weakness. Corticosteroids can
be considered, if the pain persists or as an adjunct to provide a pain-reduced window
for the patient to engage in therapy.

Suggested helpful websites, videos, etc.
https://www.physio-pedia.com/images/b/b0/Pes_anserinus_bursitis.pdf

https://www.youtube.com/watch?v=tBly3_faKOA - patient surface anatomy of
pes and injection technique

Chart/table for review

Condition Pes Anserine Pain Syndrome
Description Pain at the insertion of the conjoined tendons of sartorius, gracilis, and
semitendinosus

Epidemiology | Exceptionally (possibly nonexistent) rare in pediatric athlete with open
physes. Rare in skeletally mature pediatric athletes

Mechanism Overuse pathology combined with abnormal anatomic alignment (i.e. knee
(common) varus or valgus)
History and In skeletally mature athlete: Pain at the pes anserinus, point tenderness over

exam findings | the semitendinosus tendon, negative knee radiographs, and absence of red
flag symptoms. Diagnostic ultrasound may demonstrate fluid collection in
bursa and/or hypoechoic tendinopathy

Management Mainstay of treatment is rehabilitation to include core, hip, and or knee-
strengthening exercises


https://www.physio-pedia.com/images/b/b0/Pes_anserinus_bursitis.pdf
https://www.youtube.com/watch?v=tBly3_faKOA
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Fibular Injury (Proximal)
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Anatomy and Normal Function

The fibula is a long bone comprised of a tubular diaphysis of cortical bone with
cancellous regions at the proximal and distal ends. Sixty percent of the linear growth
of the fibula comes from the proximal epiphysis, which remains open for 18-20 years
in males and 16—18 years in females [1]. The proximal fibula serves a critical role in
static and dynamic knee stability as the attachment site of the posterolateral corner
complex, which consists of the lateral collateral ligament (LCL), the biceps femoris
tendon, the popliteus tendon, and the arcuate complex (the arcuate complex consist-
ing of the arcuate ligament, popliteofibular ligament, and the fabellofibular ligament
when present) [2]. The proximal fibula also serves as the origin of the soleus, exten-
sor digitorum longus, tibialis posterior, and fibularis (peroneus) longus muscles. It
provides rotational stability to the knee and ankle, while supporting 7-16% of body
weight during walking [3].

The fibular head articulates with the lateral tibial condyle at the proximal tibio-
fibular joint (PTFJ); this synovial joint space communicates with that of the tibio-
femoral joint in 10% of the population [4-7]. PTFJ stability is provided by the
anterior and posterior proximal tibiofibular ligaments; by fibular attachment to the
lateral collateral ligament (LCL), the interosseous membrane, and the distal PTFJ;
and by the surrounding musculature (including biceps femoris and popliteus) [8—
11]. The tibia and fibula are tethered throughout their length by the interosseous
membrane until they meet again distally at the distal tibiofibular joint.
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The primary functions of the PTFJ include the following: (1) act as a buttress for
tibial bending, (2) dissipation of torsional forces applied to the ankle, and (3) tensile
weight bearing [8, 12, 13]. To accommodate rotation of the talus with ankle dorsi-
flexion, the fibula rotates externally. During knee extension, the fibular head is
pulled posteriorly as the biceps femoris and LCL become taut [8].

Just distal to the fibular head is the fibular neck, where the common fibular (pero-
neal) nerve wraps around the fibula, posterolaterally to anteromedially, before
dividing into its superficial and deep divisions [14]. Via its divisions, this nerve
ultimately provides sensation to the posterolateral lower leg and knee joint and
innervates muscles of the anterior and lateral lower leg compartments.

Pathology and Dysfunction

Injuries to the proximal fibula may include the dislocation or subluxation of the
PTFIJ, a contusion, and a fracture (acute or stress). These may also result in injury to
the common fibular nerve or compromise the muscular, tendinous, or ligamentous
attachments to that area. Though rare, the most commonly reported PTFJ injury is
anterolateral dislocation of the proximal fibula [5, 7, 15]. The mechanism usually
involves high-energy twisting motions, often with force applied through a flexed
knee with concurrent foot inversion, plantar flexion, and lower leg external rotation
[6, 8, 15-17].
Ogden et al. [13] classified PTFJ instability into four types:

e Type I: subluxation or ligamentous laxity without dislocation (atraumatic
hypermobility)

* Type II: anterolateral dislocation involving the anterior and posterior tibiofibular
ligaments (most common injury, 85% of cases)

* Type III: posteromedial dislocation resulting from a direct trauma and often dis-
rupting the common fibular nerve

e Type IV: superior dislocation typically resulting from a high energy ankle injury
and occasionally associated with a tibial shaft fracture

Just as PTFJ injury is rare in children, so are isolated fractures of the proximal
fibula. Acute proximal fibular fractures can result from direct blows to the lateral
lower leg, as well as from excessive varus stress, and may be associated with con-
current fracture of the distal tibia or rupture of the interosseous membrane and distal
tibiofibular joint (Maisonneuve fracture). Bone stress injury of the proximal fibula
is also uncommon but has been reported in children and adolescents [18]. These
injuries typically present with an atraumatic onset of progressive, exertional pain
localized to the lateral knee or proximal lower leg in the setting of increased activity
or exercise, often involving distance running or pivoting/agility sports, such as soc-
cer or basketball.

Due to the common fibular nerve’s superficial positioning and proximity to the
fibula, it is predisposed to traction or transection with PTFJ dislocation/subluxation
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and with a proximal fibula fracture. Nerve injury can also result from direct com-
pression or entrapment, such as with sitting cross-legged, resting against a desk or
car door while seated, or being compressed by an adjacent ganglion cyst [14].

Specific Pointers

* Anteroposterior and lateral X-rays of the tibia and fibula are usually sufficient to
rule out acute fracture or dislocation. Comparison to X-rays of the contralateral
fibula or axial CT scan can increase sensitivity and specificity when initial films
are inconclusive.

e If an acute fracture or PTFJ dislocation is confirmed, obtain plain films of the
ankle to evaluate for a Maisonneuve fracture or Maisonneuve-equivalent
injury [19].

o If a stress fracture is suspected, but plain films are negative, consider magnetic
resonance imaging (MRI) for increased sensitivity.

* Evaluate suspected common fibular nerve injury with strength and sensation test-
ing of the lower leg and perform Tinel’s test at the fibular neck. Diagnosis can be
further evaluated and confirmed with MRI, ultrasound, and/or electromyogra-
phy (EMG).

e Uncomplicated fractures of the proximal fibula may be treated with a short-leg
walking cast or stirrup splint for 3—4 weeks.

e Both-bone fractures and Maisonneuve injuries require urgent orthopedic referral.

Epidemiology

Proximal fibula injuries are uncommon to rare in the pediatric population, and data
on epidemiology is limited [4, 15, 18, 20]. As described above, these injuries may
occur in a wide variety sports or trauma, owing to the wide variety of mechanisms
of injury which can cause them (e.g., high energy collision, rapid torsion of a flexed
knee, congenital laxity with atraumatic instability, or repetitive loading and over-
use). It is unknown whether there are sex biases for this injury [5].

Diagnosis: History and Examination Findings, Testing

Patients with proximal fibular injuries may report a sudden onset of pain and/or
swelling following a specific mechanism of injury (i.e., acute fracture or disloca-
tion), or, conversely, symptoms may develop insidiously (i.e., stress fracture, nerve
entrapment) following a recent increase in activity or repetitive movements. Pain
and swelling are typically well-localized to the lateral knee or lower leg; however,
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global knee pain and swelling may be reported when important knee stabilizers
have been injured, such as with acute PTFJ dislocation, posterolateral corner rup-
ture, or arcuate fracture. Foot drop or lower leg weakness and numbness may be
reported if the common fibular nerve or its branches are involved.

On examination, asymmetric lateral knee contours may be apparent upon inspec-
tion and comparison to the contralateral knee. The patient often presents with an
antalgic gait. While proximal fibula tenderness and pain with knee flexion may indi-
cate any proximal fibular injury, patients with acute proximal fibula fracture or dis-
location are likely to have limited knee flexion and extension, localized swelling,
and severe tenderness to palpation. A bone stress injury should be suspected in the
setting of an overuse history with mild-to-moderate focal bony tenderness to palpa-
tion, reproduction of pain with a single leg hop, or pain from application of a vibrat-
ing tuning fork to the fibular head. The patient may also experience pain with ankle
inversion, eversion, and dorsiflexion and may obtain relief from plantar flexion [4,
5, 17]. If an acute proximal fibula fracture or dislocation is diagnosed, the provider
should also evaluate the ankle for tenderness, swelling, or other signs of distal fibula
injury [21]. In cases of common fibular nerve injury, examination may reveal weak-
ness with ankle dorsiflexion and eversion and sensory loss along the lateral leg,
lateral ankle, and dorsolateral foot. Tinel’s test at the fibular neck may recreate or
exacerbate symptoms.

Anteroposterior and lateral X-rays of the knee are first-line imaging for diagno-
sis of proximal fibula injury. Sensitivity for subtle PTFJ dislocation may be enhanced
with comparison X-rays of the contralateral side. Although axial computed tomog-
raphy (CT) is more sensitive to this injury, plain films are preferred in pediatric
patients because of its lower radiation exposure [15]. If a proximal fibular fracture
or dislocation is confirmed on X-ray, an ankle and tibia—fibula series (if not already
done) should be obtained to rule out Maisonneuve fracture or Maisonneuve-
equivalent injury [19]. The distal tibia and fibula should be evaluated for fracture,
and the ankle mortise (i.e., the medial and lateral malleoli articulating with the
talus) should be evaluated for any widening, which would indicate disruption of the
distal tibiofibular syndesmosis and/or deltoid ligament. If initial X-rays are negative
but a bone stress injury is suspected, a period of impact restrictions with or without
crutches and follow-up in 1-3 weeks with repeat X-rays should be considered [22].
If X-rays remain negative and the patient’s condition is not improving, MRI is rec-
ommended for further evaluation of suspected fibular stress injury. If a common
fibular nerve injury is suspected, MRI or ultrasound may be utilized to confirm and
evaluate the extent of injury [17]. While both MRI and ultrasound provide excellent
soft tissue visualization, including nerves, ultrasound offers greater spatial resolu-
tion but is more operator skill dependent.
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Management

Since it is not the primary weight-bearing bone of the lower leg, most fractures of
the proximal fibula in children may be treated with a short-leg walking cast or stir-
rup splint for 3—4 weeks. Referral to orthopedic surgery is recommended when
there is fracture displacement or a concomitant injury to the PTFJ, knee, or tibia
[23]. Both-bone fractures, including Maisonneuve fractures, warrant immediate
orthopedic referral.

There is no widely accepted standard of care for PTFJ dislocations; however,
they are often treated nonoperatively with full recovery [16]. Approximately 8—10%
of cases reduce spontaneously, while 90% require closed reduction. Usual nonop-
erative treatment consists of a period of immobilization, generally for 3—4 weeks in
either a cast or knee immobilizer [7, 24], followed by 2—-3 months of physical ther-
apy. In approximately 75% of cases, patients are able to return to pain-free activity
by 9-12 months with nonoperative treatment [4, 16, 17, 24]. A 2017 systematic
review showed that 9 of 35 patients (25.7%) treated nonoperatively had persistent
symptoms, and 8 of these proceeded to surgical stabilization procedures [16].
Relatively high rates of complications are seen with PTFJ stabilization surgeries
(18-36%, depending on technique), including hardware-related pain, wound infec-
tions, stress fractures, and fibular nerve palsy. Without treatment, PTFJ dislocation
or subluxation can result in reduced knee and PTFJ stability, abnormal gait, limited
tolerance of pivoting movements, common fibular nerve dysfunction, and reduced
quality of life [11, 16, 25].

Bone stress injuries of the proximal fibula are considered low risk, as they exhibit
high rates of success with nonoperative treatment [26]. They are managed primarily
through activity modification and impact restriction. If walking is painful or antal-
gic, a 2—4-week period of nonweight bearing with crutches is generally sufficient to
allow the bone to heal enough to resume pain-free ambulation. Underlying contrib-
uting factors for bone stress injury must be addressed, such as hormonal abnormali-
ties (i.e., female athlete triad), iron or vitamin D deficiency, poor gait mechanics, or
training errors. Once the patient is pain free with ambulation and activities of daily
living, rehabilitation can progress and a gradual return to running program can be
considered. Patients generally return to full activity, including sports participation,
in 6-12 weeks, depending on injury severity, timeliness of diagnosis, and degree of
contributing factors [22, 26].

Common fibular neuropathy may be self-limited or require physical therapy for
soft tissue mobilization and nerve glide exercises. Refractory cases may be treated
with corticosteroid or 5% dextrose injections. If these treatments fail or if the nerve
has been severely injured or transected by trauma or fracture, surgical neuroplasty
may be required.
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Demonstration Cases

Common Presentation

A 14-year-old female soccer player presented with left lateral leg pain just distal to
the knee after getting kicked in that area during a game. She reported pain with
weight bearing and stated, “I can’t lift my foot when I walk.” Examination revealed
visible ecchymosis and abrasion in the region of the proximal fibula, tenderness to
palpation along the proximal fibula, and obvious weakness (4/5) with ankle dorsi-
flexion, compared to the right. X-ray revealed a nondisplaced fracture of the fibular
neck. The patient was immobilized in a short-leg walking cast for 4 weeks. At fol-
low-up, the patient denied pain, numbness, and tingling. The cast was removed. On
exam, she was nontender and exhibited full ankle range of motion; strength was
mildly decreased, consistent with disuse from immobilization. Sensation over the
lateral lower leg, ankle, and foot was full and normal. Repeat X-ray showed stable
alignment with callus formation around the nondisplaced fracture site. Following an
uncomplicated course of physical therapy, the patient successfully returned to soc-
cer 3 months after the injury.

Uncommon Presentation

A 16-year-old boy was tackled, while carrying the ball during a football game. With
his right foot planted, he twisted his ankle, as he was taken down. He was unable to
bear weight thereafter and complained of pain in his right lower leg. He was taken
to the emergency room, where an ankle effusion was noted, and he had diffuse ten-
derness of his anterior ankle. Ankle radiographs showed a widened ankle mortise
but no fracture. After seeing this, the Emergency Room physician ordered tib-fib
plain films, which revealed a displaced oblique fracture of the proximal fibula. The
on-call orthopedic surgeon was consulted, who confirmed the diagnosis of a
Maisonneuve fracture and placed the patient in a bulky short-leg posterior splint.
The patient was taken to the operating room the next morning for open reduction and

internal fixation of the distal tibiofibular syndesmosis and displaced fibular fracture.

Pearls and Pitfalls

* Examination of ankle and knee injuries should always also include exami-
nation of the proximal fibula for tenderness/injury; if suspicious, obtain
films of the entire tibia—fibula in addition to the ankle.

 Injury at the proximal fibula can also result in injury to the common fibular
nerve, which may lead to pain, paresthesias, and/or foot drop.

*  When examining body parts that are uncommonly injured (such as the prox-
imal fibula), examining the contralateral side for comparison is invaluable.

* Consider obtaining an axial CT, if a PTFJ dislocation is suspected, despite
unrevealing bilateral (comparison) radiographs.
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Chapter Summary

The proximal fibula is often neglected during knee examination; however, because
of its importance in stabilizing the knee and ankle joints, the proximal fibula must
be assessed following knee and ankle injuries. Proximal fibula injuries may include
dislocation or subluxation of the PTFJ, acute fibular fracture, bone stress injury, and
common fibular nerve injury. Imaging should begin with plain films, which may be
followed by advanced imaging, when the diagnosis remains unclear. Nondisplaced
proximal fibula fractures and PTFJ dislocations most often heal uneventfully with
3-4 weeks of immobilization and nonweight bearing, while bone stress injuries
generally require restrictions from running and sports participation and crutch use,
if walking is painful. Orthopedic Surgery should be urgently consulted for cases of
Maisonneuve injury, displaced fracture, or both-bone fractures.
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Chapter 25 )
Lateral Collateral Ligament Injury

Check for
updates

Rajat K. Jain

Anatomy and Normal Function

The lateral collateral ligament (LCL) is part of the posterolateral corner, a large
complex of structures on the lateral aspect of the knee. Specifically, the lateral knee
is comprised of 28 individual static and dynamic stabilizers, with the primary stabi-
lizers including the LCL, the popliteofibular ligament (FCL), and the popliteus
muscle [1, 2] (Fig. 25.1). The LCL originates on the lateral aspect of the femur and
inserts onto the fibula. On the femoral attachment, the LCL is proximal and poste-
rior to the origin of the popliteus, while the fibular attachment is distal and anterior
to the popliteofibular ligament.

The LCL plays a significant role in the static stability of the posterolateral corner
of the knee. Specifically, the LCL is the primary varus stabilizer of the knee. Studies
with cadavers have shown that creating a complete tear in the LCL results in the
greatest amount of varus instability at 30 ° of knee flexion [3]. Furthermore, the
LCL has been shown to have a role in stabilizing external rotation of the tibia, with
the greatest effect being seen at more than 30 ° of knee flexion [3].
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Fig. 25.1 The primary
static stabilizers of the
posterolateral corner
include the lateral
collateral ligament,
popliteofibular ligament,
and popliteus tendon.
(Adapted from LaPrade
etal. [2])

Lateral Meniscus

Popliteofibular
Ligament

Specific Pointers
Epidemiology

LCL injuries can occur in athletes of all ages and genders. Grawe et al. [4] summa-
rize a study of 20,000 knee injuries across various sporting activities and found that
isolated LCL pathology occurs in <2% of injuries [5]. The authors also describe a
study, in which tennis and gymnastics had the highest risk for LCL injury [4, 6].
While the study describes the epidemiology of LCL injuries in specific club sports,
this author’s experience has shown that the nature of wrestling lends itself to a sig-
nificant risk of LCL injury.

Mechanism of Injury

Typically, injuries to the LCL occur after trauma to the knee. Specifically, the most
common mechanism is a varus directed blow to the anteromedial aspect of the knee.
Less commonly, hyperextension and non-contact varus stress injuries can also cause
damage to the LCL [7].
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Diagnosis

After sustaining an injury to the LCL, patients can present with a myriad of com-
plaints. They might describe pain at the site of trauma (i.e. the medial knee) or lat-
eral knee; perceived instability with side-to-side or “cutting” movements that occur,
while the knee is in extension; or a sensation of walking “bow-legged,” due to the
increase in laxity. Furthermore, patients may complain of foot drop or paresthesias
in the common peroneal nerve distribution, as common peroneal nerve injuries can
occur in up to one-third of posterolateral corner injuries [7].

When examining a patient who may have sustained an LCL injury, swelling
around the lateral soft tissue of the knee may be noted, given the relatively superfi-
cial position of the LCL. The amount of swelling may correlate with the degree of
injury to the posterolateral corner complex. Additionally, the subcutaneous position
of the LCL provides an opportunity for palpation during examination. Specifically,
palpation can be assisted by placing the patient in the figure-of-four position, during
which an intact LCL can be palpable as a discrete cord-like structure [4] (Fig. 25.2).

As previously described, the LCL serves as the primary restraint to varus forces
at 30 ° of knee flexion. The varus stress test can and should be performed at full
extension and 30 ° of flexion. The test is performed by holding the patient’s foot or
ankle with one hand and using the contralateral hand to stabilize the femur and
apply a varus force (Fig. 25.3). Increased varus laxity only at 30 ° of flexion would
indicate an isolated LCL injury; however, varus laxity in full extension frequently
denotes injury to other structures of the posterolateral corner [7]. Traditionally, the

Fig. 25.2 (a, b) Photographs of the physical examination with the patient’s lower extremity in the
figure-of-four position. The figure-of-four position (a) allows the examiner to directly palpate
(arrow) the lateral collateral ligament (b). (Illustration adapted from Grawe et al. [4])



228 R. K. Jain

Fig. 25.3 Demonstration
of the varus stress test
performed at 30 ° of
knee flexion

Table 25.1 Classification of Grade Sprain type Varus Opening
LCL knee injuries based on Grade I | Minor <5 mm
physical examination =
Grade I | Moderate 6-10 mm
Grade III | Severe >10 mm

amount of varus opening, as compared to the contralateral side, can classify the
grade of injury to the LCL (Table 25.1).

The posterolateral corner should also be assessed when an LCL injury is sus-
pected. The Dial test is another helpful tool for the examiner, measuring external
rotation of the tibia relative to the femur. While the patient lays prone on the exami-
nation surface and both knees flexed to 30 °, the provider externally rotates the tibia
at the foot and ankle level (Fig. 25.4). An increase of more than 10 ° of external
rotation compared with the contralateral side suggests an injury to the posterolat-
eral corner.

When an LCL injury is suspected after examination, imaging of the affected
knee should begin with dedicated weight-bearing x-rays that include standard
anteroposterior (AP), lateral, and bent knee patellofemoral (sunrise) view radio-
graphs [7]. When possible, obtaining varus stress radiographs can provide objective
diagnosis of LCL injuries. Lateral compartment opening is determined by measur-
ing the shortest distance between the most distal aspect of the lateral femoral con-
dyle and the associated tibial plateau [3]. MRI is considered the imaging modality
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Fig. 25.4 Demonstration
of the dial test being
performed with the patient
prone on the examination
table and knees

flexed to 30 °

Table 25.2 Classification of LCL knee injuries based on MRI results

Grade MRI findings

Grade I | Subcutaneous fluid surrounding the mid-substance of the ligament at one or both
insertions

Grade II | Disruption of the ligament with partial tearing of ligament fibers at either one of the
insertions or mid-substance, with increased edema

Grade III | Complete tearing of ligament fibers at either the mid-substance or one of the
insertions with increased edema

of choice for evaluating LCL and posterolateral corner injuries. The LCL can be
best appreciated on the axial and coronal views [4]. Common findings on MRI can
include a medial compartment bone bruising pattern, related to the commonly seen
hyperextension-varus mechanism [4]. Varying amounts of peri-ligamentous edema
and intra-substance signal can be seen with increased edema and discontinuity of
LCL fibers in higher-grade tears (Table 25.2) [8].

Management

The decision to proceed with conservative or surgical management of LCL tears is
determined by the grade of injury and, especially, the presence of injuries to other
structures. Typically, in the setting of knee dislocation, where other ligamentous
structures are likely to be injured, early surgical intervention is recommended.
According to Grawe et al. [4], a torn LCL does not heal as well as medial collateral
ligament injuries, thereby lowering the threshold for surgical intervention.
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Non-surgical

Isolated LCL grade I and II tears can often be managed with non-surgical manage-
ment; however, literature on non-operative management of grade I and II is sparse
[7]. While good results have been reported for non-surgical management for grade
I and II injuries [9, 10], sample sizes for those with isolated grade I and grade II
injuries were 7 and 11 patients, respectively.

Non-surgical treatment can involve use of early immobilization, either with a
knee immobilizer or hinged knee brace that restricts varus motion but allows flexion
and extension of the knee during ambulation. After pain and the sensation of varus
instability have resolved, the brace can be discontinued, with return to sports as
tolerated by the athlete. In cases of prolonged immobilization, physical therapy may
be necessary to return strength and proprioception to pre-injury levels.

Surgical

Repair and reconstructions can be used for isolated acute LCL grade III tears.
Repairs are typically performed when the ligament is avulsed from an attachment
site and an anatomic reduction remains possible with the knee in full extension [4].
In the setting of a complete mid-substance tear or intra-substance stretch injury,
ligamentous reconstruction is necessary. Furthermore, LCL reconstruction is rec-
ommended in chronic injuries and when anatomic reduction is not possible [4].

Demonstration Cases

Common Presentation

A 21-year-old male wrestler presents with 1 month of lateral knee pain. He recalls
a match during which his opponent made repeated wrestling moves that resulted in
trauma to the anteromedial knee. He had no swelling and continued wrestling with
a knee brace for 2 weeks. During subsequent matches, he would feel episodes of
lateral instability without enduring further trauma. Since the culmination of wres-
tling season, the athlete described lateral knee pain with ambulation and episodes of
instability with side to side movements. Physical examination revealed tenderness
to palpation along the mid and distal LCL with a positive varus stress test at 30 °©
knee flexion. Despite initial immobilization, the athlete continued to have knee dis-
comfort and instability and, therefore, underwent an MRI (Fig. 25.5). He was man-
aged non-surgically with a hinged knee brace and physical therapy for 6 weeks and
was able to return to sports without any limitations.
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Fig. 25.5 Coronal MRI of
the knee, arrow directed at
a thickened proximal to
mid LCL with a high-grade
tear of the distal ligament
from the fibular head

Uncommon Presentation

A 15-year-old female presents with medial and lateral knee pain after an injury in
which her younger brother jumped on the medial aspect of her knee while she was
sitting on the sofa in a figure-of-four position. She has not seen any swelling but
notes medial and lateral knee pain with ambulation. Physical examination reveals
tenderness to palpation over the medial femoral condyle and along the proximal
LCL. She has a positive varus stress test at 30 ° flexion. She was treated with a
hinged knee brace for 1 week and was able to return to activities of daily living
without limitation.

Pearls and Pitfalls

LCL injuries rarely occur in isolation and should prompt the provider to
examine for injuries to other structures in the posterolateral corner. Associated
injuries lead to poor outcomes with non-surgical management and may result
in chronic pain.
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Chapter Summary

The LCL is part of a greater group of structures known as the posterolateral corner,
is an essential varus stabilizer for the lateral aspect of the knee, and acts as a second-
ary restraint to external rotation of the tibia. Typically, LCL injuries occur in the
setting of traumatic varus forces and in conjunction with other knee pathology.
Grade I and II injuries can be treated non-surgically, while grade III injuries can be
treated with either repair or reconstruction.

Condition LCL injury

Description Lateral knee ligament that restricts varus forces and external rotation of tibia
Epidemiology | Athletes, especially wrestling, tennis, and gymnastics

Mechanism Varus force to the anteromedial knee

(common)

History and Lateral knee pain and possible varus instability with ambulation. Physical

exam findings | exam with lateral knee swelling, positive varus stress test, possible positive
dial test with other posterolateral corner injuries

Management Non-surgical treatment for grade I and II injuries with early immobilization.
Surgical treatment for grade III injuries.
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Chapter 26
Iliotibial Band Syndrome

Chelsea Backer and Matthew Sedgley

Anatomy and Normal Function

The iliotibial band (IT band, ITB) is a thick band of fascia that extends distally from
the lateral iliac crest to insert at the proximal tibia at Gerdy’s tubercle. The IT band
fascia is formed proximally by the tensor fascia lata and gluteus maximus [1].
Distally, the IT band passes over the lateral femoral condyle (LFC) to insert onto the
tibial plateau at Gerdy’s tubercle, about 2 cm inferior to the lateral joint line. With
attachments at the lateral hip and knee, the IT band connects the hip extensors and
abductors to the lower leg, providing stability at the knee. There are fibrous attach-
ments distally from the IT band to the femur [1, 2]. The IT band is connected to the
linea aspera by an intermuscular septum and to the supracondylar region of the
femur (including the epicondyle) by coarse, fibrous bands (which are not pathologi-
cal adhesions) that are clearly visible by dissection or on MRI [1, 2].

The IT band assists with knee extension and flexion, as well as with lateral knee
stability. When the knee is in 30 degrees of flexion, the IT band lies posterior to the
LFC, and, when in terminal extension, lies anterior to the LFC. Proximally, the IT
band contributes to extension, abduction, and external rotation of the hip. The IT
band is used primarily during walking, running, cycling, or any activity that requires
flexion and extension of the knee.
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Pathology and Dysfunction

Previously, Iliotibial band syndrome (ITBS) was thought to be caused by repetitive
flexion and extension of the knee. This friction of the IT band at the lateral femoral
condyle was thought to contribute to distal irritation and inflammation, triggering
lateral knee pain [3]. The IT band can also become inflamed at the proximal inser-
tion, causing lateral hip pain. It is now recognized that ITBS etiology is weakness
in endurance of the hip abductor muscle. This leads to compression of sensitive
tissues below the IT band. Overtraining and failure to develop hip abductor muscle
endurance produces this condition [4-6].

During the early stance, or foot strike, phase of running, the knee is in approxi-
mately 30 degrees of flexion. Repeated flexion can lead to IT band strain. While
there is some debate, studies have suggested that ankle, knee, and hip kinetic chain
malalignment can lead to increased tension of the IT band over the lateral femoral
condyle [7]. Anatomically, weak hip abductors can lead to increased hip adduction,
causing genu valgum and internal rotation at the knee, placing increased tension on
the IT band [4, 6]. Extrinsic factors, like running on a track or banked surface, a
sudden increase in mileage, and even cold weather have been shown to increase the
risk for ITBS [3, 8]. Overstriding, taking short steps, and having a leg length dis-
crepancy of >0.5 cm [9] are gait factors than can also lead to ITBS.

Epidemiology: Age, Gender, and Common Sports

liotibial band syndrome has not been reported in sedentary individuals. Rates
among those that do exercise are variable and generally range from 7% to 14% of
runners [9]. Iliotibial band syndrome is the second most common cause of knee pain
after patellofemoral pain syndrome [9]. IT band syndrome is more common in
women than men and is frequently seen in runners, cyclists, and military recruits.
Iliotibial band syndrome usually presents unilaterally.

Mechanism of Injury: Common/Likely, Uncommon/
Less Likely

While the direct mechanism of injury leading to iliotibial band syndrome is
unknown, the cause is likely multifactorial. Iliotibial band syndrome is an injury
due to lack of endurance of hip abduction strength. Previously, it was generally
thought to occur from the IT band sliding anteriorly and posteriorly over the lateral
femoral condyle during repetitive knee flexion and extension. While this repetitive
motion can cause friction, irritation, and inflammation of the distal IT band, ilio-
tibial band syndrome is more a direct consequence of hip drop from hip abductor
weakness [4]. Newer theories suggest that symptoms are not caused by friction but
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rather by compression of fatty tissue and nerve endings (the Pacinian corpuscles) by
the IT band [2]. The IT band can also impinge at the lateral femoral condyle (LFC),
when the knee is flexed to 20-30 degrees; however, the main contributor to the syn-
drome is weak hip abductors. Weak hip abductors can lead to hip adduction in
stance phase and increased rotational strain on the IT band [10]. Tightness of the
tensor fascia lata and gluteus muscles can also play a role.

Long distance running and increases in activity, especially on uneven ground or
downhill, can contribute to the development of IT band syndrome [11]. Running or
walking on a track and exercising in cold weather are also potential risk factors for
IT band syndrome. Fatigue in runners has interestingly not been thought to contrib-
ute to the condition [11].

Diagnosis: History and Exam Findings, Testing

Iliotibial band syndrome is a running injury, diagnosed based on history and clinical
exam findings. IT band syndrome occurs in athletes, particularly runners, and has
rarely been described in the sedentary population. The predominant complaint is
diffuse lateral knee pain, sometimes with swelling. Pain can become sharp or burn-
ing and more localized over time. There is no knee instability. Symptoms usually
start after or during exercise at a specific distance.

Tenderness can be localized to the lateral aspect of the knee about 2 cm above the
lateral joint line. Pain is generally worse with the knee in extension, while standing,
or with the knee flexed to 30 degrees. There may a popping sensation felt or heard
from irritation of the IT band as it slides over the LFC. Pain can be felt at any point
from the hip to the calf. Pain tends to be worse with running, especially on a track
or going downhill. A positive Ober’s test and Noble compression test can help with
the diagnosis [3, 7]. The Ober’s test is completed with the patient lying on the non-
painful side. The unaffected hip and knee should be flexed at 90 degrees. The ipsi-
lateral leg should be extended and abducted with the knee flexed to 90 degrees. If
unaffected (i.e. no IT band tightness), the leg will adduct fully with gravity (i.e., the
knee will lower to the exam table) and the patient will not experience any pain. If
the IT band test is positive, the leg will remain abducted, and the patient may experi-
ence lateral knee pain. The Noble test is completed with the patient supine or lying
on the unaffected side. While the ankle is held, the knee is repeatedly flexed, while
palpating the lateral femoral condyle. Snapping, crepitus, or tenderness to palpation
is a positive test. A Trendelenburg gait can be observed when a runner is in stance
phase; the pelvis of the non-weight bearing extremity tilts downward and, to com-
pensate, the trunk tilts away. This sign can also demonstrate hip abductor weakness.

Radiographs are not particularly useful in IT band syndrome and not recom-
mended, if that is the sole concern. Magnetic Resonance Imaging (MRI) can high-
light a thickened distal IT band with deep fluid collection [12]. MRI can also be
used to rule out other causes of lateral knee pain, if suspected, such as lateral col-
lateral ligament pathology, a stress fracture, or a lateral meniscus tear. Less costly,
point-of-care imaging can be easily done with ultrasound (US). Musculoskeletal US
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can be useful to view the dynamic motion of the IT band in knee flexion and exten-
sion [13, 14]. While diagnosis is often clinical, musculoskeletal US may be of pri-
mary use, if any imaging is considered [15].

Management

ITBS can be challenging to treat, as most of those affected by the condition are
highly motivated to continue exercising. ITBS does, however, respond well to con-
servative management. Treatment protocols should include activity modification,
stretching, hip strengthening, and massage.

Rest, ice massage, and over-the-counter pain medications, such as acetamino-
phen or an NSAID, like ibuprofen, can, when combined with physical therapy,
decrease pain during the acute phase of iliotibial band syndrome [16]. Decreasing
mileage, changing shoes, altering the course, and cross-training may also minimize
pain. When resuming training, mileage should be increased slowly and only when
the athlete is pain free. Cross-training should include activities during which the
knee is not repetitively placed in 30 degrees of flexion. Some physical therapists
recommend running on a treadmill at an elevated incline of 3—5 degrees to minimize
irritation of the Pacinian structures [17]. Running up an incline or hill may have a
similar effect in rehabilitation.

Stretching and foam rolling are popular treatments, although there is a paucity of
evidence in the literature to support their use. Strengthening the surrounding mus-
culature (ex. gluteus medius and hip abductors) can increase hip stability and
decrease hip adduction. Increasing hip abduction strength is the key to treating this
condition. Skilled physical therapists and a home exercise program can focus on
muscle weakness to increase hip abduction endurance and strength.

Corticosteroids can also be utilized, although there is little evidence they provide
long-term relief [18]. Injections should be targeted over the LFC. While rare, there
was one case study of IT band tendon rupture after repeated injections [19].

Dry needling, kinesiology taping, IT band straps, biologics (ex. platelet rich
plasma), and prolotherapy have not been well studied in IT band syndrome. If the
aforementioned conservative measures are unsuccessful, an orthopedic consult for
surgical release or lengthening, via surgical fenestration of the distal IT band tissue,
may be indicated.

Demonstration Cases

Common Presentation

A 14-year-old boy has recently started his cross-country season. His training plan
was to increase his mileage by one mile each week. Instead, he decided to increase
by 3 miles each week. He now has had pain on the outside of his right knee for
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3 weeks. Every time he reaches 9 miles into a run, and not before, the pain occurs.
Stretching and icing only give temporary relief. He went to urgent care and had a
full lower extremity exam. He had full range of motion of his hips and knees with-
out pain. There was no pain elicited at the greater trochanteric bursa. He had nega-
tive Lachman, McMurry, and Thessaly tests. There was no laxity with anterior or
posterior drawer or with varus or valgus stress testing. He did, however, have ten-
derness of the lateral knee with 30 degrees of flexion, as well as hip abductor weak-
ness. Ober’s test was positive. X-rays were unremarkable. He was told to follow up
with the athletic training staff at his high school. His school athletic trainer switched
his training to inside on a treadmill with a 5-degree incline, allowing him to main-
tain cardiorespiratory fitness and to work on his form. He was also given core
therapeutic exercises to increase his hip abduction and gluteal strength. After
6 weeks, he was able to progress past 10 miles and had complete resolution of his
symptoms.

Uncommon Presentation

A 19-year-old girl presented to her sports medicine physician with a four-year his-
tory of knee pain with running. Every time she attempts to go for long distance runs,
she experiences right lateral knee pain. She has sought care at orthopedic clinics in
the past and was given corticosteroid injections around the distal iliotibial band at
the lateral femoral condyle. She noted only temporary relief. She has worked with a
physical therapist twice in the past and has felt no improvement.

Her physical examination demonstrated a normal right lower extremity on
inspection. She was tender to palpation at her lateral femoral condyle. The range of
motion of the knee was full. She had pain when Ober’s test was performed. The
knee ligaments were normal on exam. Thorough neurological muscle strength test-
ing revealed that her knee flexion and extension were 5 out of 5; however, her exten-
sor hallucis longus (EHL) and gluteus medius on the right were 4 out of 5, as was
her right hip abduction. X-rays of the right knee and spine were normal. Due to her
weakness of the EHL, an MRI of the lumbar spine was obtained to identify any disk
pathology or nerve impingement and showed a large L.1-2 disc herniation, imping-
ing the transversing L5 nerve root. Since disk herniation is a common finding on
MRI, an electromyogram (EMG) was performed to assess for any neuromuscular
abnormalities and to confirm or refute the presence of radiculopathy. The EMG
showed no peripheral nerve damage and confirmed mild radiculopathy of the L5
nerve root. An epidural steroid injection was performed to reduce inflammation, due
to the L1-2 disc herniation, and, after the third injection, the EHL and hip abduction
strength returned to normal. She returned to running, but, after increasing her dis-
tance once again, there was right knee pain laterally at the LFC. She underwent
MRI of the right knee that showed fluid under the distal iliotibial band. The patient
was referred to orthopedic surgery for an ITB lengthening procedure and made a
complete recovery.
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Pearls and Pitfalls

ITBS is a common reason for knee pain in active adolescents; however, it
should not be the sole consideration. Knee pain in the youth athlete requires
initial consideration of a broader differential diagnosis list. Careful evaluation
of the hip is recommended to exclude slipped capital epiphysis of the hip.
Since ITBS is commonly seen in runners, alternative diagnoses that are com-
monly seen in runners, like stress fracture, should also be considered. Due to
the location of ITBS, exam of the all the lateral knee and connecting struc-
tures is essential to rule out the following, which may cause pain to radiate to
the lateral knee: flabella friction syndrome; lateral collateral ligament (LCL)
sprain; tibial plateau stress fracture; gastrocnemius, soleus, and biceps femo-
ris strain; and referred pain from a pars defect, herniated disk, or spondylolis-
thesis [9, 20].

ITB syndrome, while frustrating for the young athlete, is benign. Systemic
symptoms or night pain should prompt evaluation and a more extensive
workup for other causes of knee pain. ITB syndrome rarely requires imaging.
The key to diagnosis is noting ITB tenderness with an otherwise normal knee
exam and hip abductor weakness and lack of muscle endurance [6, 21, 22].

A careful history may reveal a training error, such as rapid increases in
distance and/or a neglect of core muscle strengthening. Physical examination
will often demonstrate weak hip abduction and deficits in abduction endur-
ance. Ober’s test and Noble test will be positive, although there is no specific
evidence to determine the diagnostic accuracy of either exam. Athletes often
demonstrate a Trendelenburg gait, which can be noted on exam and on video
gait analysis. There is also often increased internal rotation and hip adduction
on the video analysis [6, 21, 22].

Chapter Summary

ITBS is a common cause of lateral knee pain in runners, cyclists, and other athletes
that participate in activities that require repetitive flexion and extension of the knee.
This overuse-related pain usually presents about 2 inches superior to the lateral joint
line. Diagnosis is primarily clinical. With the history of lateral knee pain and by
using special exam tests, such as Ober’s and Noble test, a clinician may narrow a
broad differential diagnosis list. Imaging may be useful to exclude other diagnoses
but is not absolutely necessary. If other diagnoses are suspected and imaging is
obtained, a fluid collection at the distal ITB insertion site might be noted on US or
MRI. ITBS generally responds to conservative treatment, which should be targeted
at strengthening the hip abductors and modifying training (ex. decreasing mileage)
until the athlete is pain free. If needed, one can consider interventions, like steroid
injections and surgical intervention.
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Condition table
Condition Iliotibial band syndrome
Description Pain at the lateral knee near the lateral femoral condyle from weakness in hip
abductor endurance strength causing compression of soft tissues compressed
by the distal IT band structure.
Epidemiology | Iliotibial band syndrome is more common in runners; it may be seen in other
sports including cycling.
Mechanism Running increasing distances without concomitant strengthening of hip
(common) abductors leads to fatigue and overuse. This causes hip adduction and
compression of nerve rich tissue at distal IT band.
History and Runner with lateral knee pain after a recent increase in volume and with a
exam findings | lack of core training; exam is normal except for pain at the lateral femoral
condyle, made worse with extension of the knee in the last 30 degrees.
Management Success is seen with hip abductor strengthening. NSAIDs may give
temporary relief. Rarely, does stretching the iliotibial band help. In more
challenging cases, corticosteroid injection at the LFC may be used. In severe
cases, fenestration or lengthening surgery may be considered.
Suggested websites

1. http://www.runningwritings.com/2012/02/injury-series-biomechanical-solu-

tions.html
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Chapter 27
Femoral Injury (Distal)

Thomas L. Pommering

Anatomy and Normal Function

The distal femur physis is a morphologically complex structure that has only
recently been studied in detail [1]. It is characterized by a series of five important
ridges, notches and peaks that change and evolve as the child approaches skeletal
maturity [1]. Its undulating shape lends protection to this important structure, but
when its complex anatomy is disrupted by shearing forces, the resulting traumatic
epiphysiodesis lends to relatively high growth arrest rates [1, 2]. From a cellular
aspect, the physis is composed primarily of cartilage that is made up of three distinct
zones of maturation, making the physis inherently vulnerable to shearing forces.
The distal femur physis is important, as it contributes to 70% of growth from the
femur and contributes to 35-40% of the entire length of the lower limb [2, 3] . The
medial and lateral collateral ligaments attach distal to the physis [4]. The distal
femur physis contributes an average of 1 cm of annual growth to the lower limb,
making it the fastest growing physis in a child [2, 3]. Lower limb growth occurs
until approximately 14—16 years old in girls and 16-18 years old in boys [3, 4].

Pathology and Dysfunction

As mentioned earlier, the complex morphology of the physis is both protective to its
integrity and a contributing factor to the degree of injury that the physis sustains. In
addition, the physis may be two to five times weaker than the surrounding fibrous
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Fig. 27.1 Salter—Harris classification. (Reprinted with permission from Cepela et al. [6])

soft tissue, making it the “weak link in the chain” and vulnerable to forces that pro-
duce unique injuries in kids compared to adults [5]. Physeal fractures are most com-
monly classified using the Salter—Harris (SH) Classification as demonstrated in
Fig. 27.1 [6].

Specific Pointers
Epidemiology

Distal femoral physeal fractures account for 2—-5% of all physeal fractures [7]. One
large retrospective study found an 80% predilection toward males for this injury [3].
In general, the SH II fracture is the most common type of fracture, accounting for
75-80% of distal femur physeal fractures [2, 3]. Salter—Harris I and II fractures are
most commonly associated with sports. Altogether, motor vehicle accidents, car
versus pedestrian accidents and sports, particularly American football, are the most
common activities associated with this injury [3, 5, 7].

Mechanism of Injury (MOI)

The most common mechanisms are a direct blow to the distal femur with some
degree of rotation or a direct valgus/varus force to the knee [2, 4, 7]. It should be
noted that this is a common MOI for other types of acute intra-articular knee inju-
ries, so physeal injuries should always be considered in the differential diagnosis of
a skeletally immature child.
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Diagnosis

History and Physical Exam A high index of suspicion for this injury should be
considered, if the MOI is as described above. Pain will be usually localized over the
medial physis and can be circumferential about the distal physis. An examination
pearl is that the distal femoral physis can be palpated by dropping a perpendicular
line from the mid-axis of the patella posteriorly to the femur, while the knee is fully
extended. This line will fall in the plane of the distal femoral physis [8]. An effusion
can be present, especially if the fracture is intra-articular or if a concomitant internal
knee injury has occurred, but lack of an effusion does not rule out the injury. If there
is no effusion, there can be soft tissue swelling over the injured physis. Range of
motion is limited by pain, and the knee may be held in slight flexion from hamstring
muscle spasm [4]. The patient will limp or be unable to bear any weight. Valgus
stress to the knee will be painful and often demonstrate laxity compared to the con-
tralateral side but should be done only after obtaining radiographs to avoid uninten-
tionally displacing a fracture and should not be done, if a fracture is confirmed.
Swelling in the popliteal space may indicate a concomitant vascular injury [4].

Imaging: Radiographs A minimum of 2 orthogonal radiographic views of the
knee should be obtained (anteroposterior and lateral). A sunrise view will help iden-
tify a patellar fracture or dislocation, and a tunnel view will identify a tibial spine
fracture or an osteochondral lesion in the femoral intercondylar notch. The radio-
graphic findings can be subtle in minimally displaced fractures, showing only a
small fleck of bone next to the physis or slight asymmetric widening of the physis.
Nondisplaced fractures will look normal on radiograph during the acute phase but
may show subtle periosteal reaction along the metaphysis within 3 weeks of the
injury [8]. Radiographic stress knee views obtained by placing valgus or varus force
across the knee are highly discouraged, since they are extremely painful to the
patient and can displace a fracture causing further physeal injury [4, 8]. A high
index of suspicion should be maintained, if the mechanism of injury and the physi-
cal exam suggest a distal physeal injury, even in the setting of normal radiographs,
whereby advanced imaging should be obtained.

Imaging: Magnetic Resonance Imaging (MRI) MRI is indicated for patients
with radiographically normal or subtle findings, nondisplaced fractures, or if other
intra-articular injuries are suspected [4, 7, 9-12]. Nondisplaced, vertical fractures
through the sagittal plane of the distal femur are accurately visualized on MRI,
when often missed on radiographs [9]. Computed Tomography scans are sometimes
needed with comminuted, angulated SH III and IV fractures to aid in surgical plan-
ning [4, 7, 13]. Common MRI findings for SH I fractures will be widening and
increased signal within the physis [9, 10]. Figure 27.2 demonstrates this finding,
plus a subperiosteal hematoma originating from and tracking proximal to the
medial physis.
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Management

Nondisplaced SH I and II Fractures Most experts agree that nondisplaced SH I
and II fractures can be treated with a nonweight-bearing, long leg casting for
4-6 weeks [2,4,7, 8, 13, 14]. Repeat radiographs should be obtained within the first
week to be sure displacement has not occurred [7, 8]. Younger, obese children may
require hip spica casting [8].

Any displaced SH Fracture Achieving excellent alignment of a displaced frac-
ture is essential for proper healing and for reducing the likelihood of growth arrest.
Any displaced SH fracture should be referred to a pediatric orthopedist for treat-
ment. Displaced fractures that cannot be reduced will not maintain proper reduction
or have been deemed unstable must undergo operative fixation. The fracture pattern
determines if fixation requires using percutaneous pins versus cannulated screws
via techniques that spare the physis [7, 8, 13]. Open reduction is required for frac-
tures that cannot be reduced or for unstable SH III and IV fractures that require
visualized anatomic reduction [2, 7, 14].

Demonstration Cases

Common Presentation

A 12-year-old football player sustains a valgus force to the knee, causing him to be
unable to continue playing or to bear weight. Another common presentation would
be a 10-year-old female is riding her bike and puts her leg down on the ground to

Fig. 27.2 Coronal T2 knee
MRI showing increased
signal in the distal femoral
physis and a subperiosteal
hematoma (arrow) tracking
proximal from an SH |
fracture
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stop, forcing her knee into hyperextension. You note an effusion on exam and lim-
ited range of motion and ability to bear weight. The patient is tender at the distal
femoral physis, and you consider the possibility of a collateral ligament injury. As
the diagnosis is evident on radiographs with widening, but no displacement, of the
physis, an MRI will be needed. Treatment for this patient will be 4—-6 weeks of reli-
able long leg immobilization, preferably a long leg cast with a radiograph obtained
through the cast after the first week of immobilization to confirm fracture stability.
After immobilization is completed and follow-up radiographs demonstrate healing
and/or lack of complications, the patient will need physical therapy to regain range
of motion, strength, and functional ability.

Uncommon Presentation

The original mechanism by which this injury was historically described was when
a child riding a horse-drawn wagon got their leg caught in the moving wheel and
hyperextended their knee [2]. Though less relevant today, there are still societies
that rely on this mode of transportation. So, keep this in mind if you care for patients,
such as The Amish, or if you spend time practicing in a Third World country, where
this mechanism of injury is still relevant. The physical exam and radiographic find-
ings will be similar to the more common mechanisms of injury. It is still important
to keep this injury in your differential diagnosis, when it presents in an atypical way.

Pearls and Pitfalls

* Children having a knee hemarthrosis in the setting of an acute knee injury
will have a serious intra-articular injury, which could include an SH frac-
ture, 70% of the time [12]. Normal radiographs in this setting should not
preclude further imaging.

* Remember that the physical exam may suggest a collateral ligament injury;
however, the physis is often more vulnerable to injury than the liga-
ment [4, 5].

* To locate the physis, drop a perpendicular line down the center axis of the
patella. It will intersect the femur at the level of the distal femoral
physis [8].

* Avoid obtaining stress radiographic views, due to the risk of further phy-
seal injury. Instead, obtain an MRI, if your index of suspicion is high
[4, 7, 8].

* Physeal arrest is the most common complication of this injury, occurring in
about 50% of all distal physeal femoral fractures, especially if displaced
[3, 13]. This is demonstrated by bony bridges seen on radiograph or MRI
[14, 15]. More specifically, the rate of growth disturbance for the following
types of SH fractures is as follows: SH 1 (36%), SH II (58%), SH 111 (49%),
and SH IV fractures (64%) [4, 8].
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* A good neurovascular exam is important to rule out peroneal nerve injury,
compartment syndrome, or vascular injury to the popliteal artery [2—

4,7, 8].

e Other complications from this injury are knee stiffness, posttraumatic
arthritis, angular limb deformities, and leg length discrepancy [2, 7, 13].

Chapter Summary

Distal femur physeal injuries are most often seen with sports activities but can also
be seen with high energy injuries, such as motor vehicle impact. The exam may sug-
gest a collateral ligament injury, but a physeal injury should always be suspected, if
a valgus, varus, or hyperextension mechanism is described. Radiographs are usually
diagnostic, but nondisplaced SH I fractures may require an MRI to confirm the
diagnosis. A CT is indicated for displaced, comminuted fractures, requiring surgery.
Anatomic alignment is essential for healing. Despite good reduction, casting, and
fixation techniques, growth arrest is a common complication. Uncommon but seri-
ous complications that should not be missed include popliteal artery and peroneal

nerve injury.

Condition

Description | Distal femur physeal injury

Epidemiology | Accounts for 2-5% of all physeal fractures.
Salter—Harris II fractures are the most common type accounting for 75-80% of
all distal femur physeal injuries.
80% predilection for males.
The distal femur physis is fastest growing physis in a child contributing to 70%
of growth from the femur and 40% of growth from the entire lower limb which
amounts to about 1 cm of growth per year.

Mechanism | In the sports setting—rvalgus force to the knee.

(common) In the recreational setting—bicycling accident where the knee is hyperextended
while trying to stop of get off of the bicycle.

History and | A high index of suspicion should be maintained in the setting of high-risk

exam findings

mechanisms and medial knee pain in a skeletally immature patient.

Localized medial knee pain over the physis.

Presence of localized swelling or effusion is variable.

Limited range of motion.

Limping or unable to bear weight.

Medial knee pain and laxity with valgus stress. When the injury is suspected,
care should be exercised with valgus stress testing, especially before obtaining
knee films, so as not to damage the physis further.

Management

Nondisplaced SH I/II—long leg cast x 4-6 weeks.

Any displaced SH fracture—anatomic reduction important to minimize risk of
growth arrest, which is relatively high for any type of SH fracture involving this
physis. Reduction can be achieved by closed or operative methods.

SH I1I/1V fractures—require a visualized reduction so are often managed with
open reduction.
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Chapter 28 )
Tibial Injury (Proximal)

Check for
updates

Jessica Heyer and L. Kaleb Friend

Anatomy and Normal Function

The proximal aspect of the tibia articulates with the femur; along with the patella,
these three bones form the knee joint. The soft tissues that surround the knee con-
fer most of the stability of the knee, including ligaments, tendons, muscles, and
the menisci. Since the pediatric patient has immature/developing bone, injuries to
the knee often affect the bone instead of the ligaments or tendons, leading to avul-
sion injuries, in which the tendon—bone interface fails by avulsing bone at an
attachment site. The knee is surrounded by a thick capsule; posteriorly, the level
of the trifurcation of the popliteal artery lies at the level of the proximal tibial
physis [1, 2].

The proximal tibia has two ossification centers, the proximal tibia physis, which
contributes to longitudinal growth, and the tibial tubercle physis. The tibial tuber-
cle physis is an apophysis, meaning that it does not contribute to the length of the
bone but is an attachment site of a tendon (the patellar tendon). The average growth
from the proximal tibia physis is 9-10 mm per year [3]. The proximal tibia physis
appears by 2 months of age and closes between 16 and 19 years [4]. The tibial
tubercle appears around 10-12 years of age and closes between 16 and 19 years
[1,4,5].
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The extensor mechanism of the knee involves the quadriceps muscle leading to
the quadriceps tendon, to the patella, to the patellar tendon, and to the patellar ten-
don’s attachment on the tibia. All of these components are required to be intact for
extension of the knee [1].

Intraarticularly, the cruciate ligaments provide anterior/posterior stability to the
knee, as well as some rotational stability. The anterior cruciate ligament (ACL) runs
from the medial aspect of the lateral femoral condyle and inserts into the anterior
tibial spine (or the tibial intercondylar eminence), which is a ridge on the proximal
tibial plateau [1]. Surrounding the knee are many other smaller ligaments that con-
tribute to the global stability of the knee.

Pathology and Dysfunction

There are several relevant injuries, when discussing the proximal tibia. These
include tibial tubercle, tibial spine, Segond, proximal tibial metaphyseal, and proxi-
mal tibia physeal fractures. Risk of these fracture patterns varies by age, and proto-
typical mechanisms have been described [6].

Tibial tubercle fractures involve an avulsion of the patellar tendon, leading to a
fracture through the apophysis of the tibial tubercle. These fractures can also propa-
gate through the proximal tibial physis. With a displaced tibial tubercle injury, the
extensor mechanism of the knee will not function [1].

Tibial spine fractures involve an avulsion of the ACL; in the pediatric population,
injuries that would cause an ACL tear may cause this avulsion fracture of the tibial
spine instead, due to the incomplete ossification of the epiphysis [1]. An injury that
sometimes accompanies ACL tears is a tear of the anterolateral ligament (ALL). A
Segond fracture is an avulsion fracture of the ALL off of the proximal aspect of the
lateral tibia. When a Segond fracture is seen, a practitioner should consider a con-
current ACL injury [7].

Metaphyseal fractures are injuries of the proximal aspect of the tibia, just distal
to the epiphysis. These injuries are often seen in younger patients and can either be
complete or greenstick injuries [6].

Proximal tibial physeal injuries are injuries through the physis of the proximal
tibia and can be akin to knee dislocation events. They are more frequently associ-
ated with acute neurovascular injury and compartment syndrome, which may not
always be obvious, based on the absence of significant displacement on injury films,
as the initial displacement may have been reduced since the time of injury [6]. These
unstable injuries require prompt recognition of the injury pattern, so that appropri-
ate testing for more complex neurologic and vascular injury and monitoring for
compartment syndrome can be accomplished.
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Specific Pointers

Tibial Tubercle Fractures
Epidemiology (Age, Gender, Common Sports)

Tibial tubercle fractures are more frequently encountered in males and are usually
seen around ages 14—16, as the tibial tubercle physis is starting to close from poste-
rior to anterior [1]. These are most often seen in patients who were participating in
jumping sports, like basketball [1]. Tibial tubercle avulsion fractures account for
less than 3% of all pediatric fractures [5].

Mechanism of Injury

Tibial tubercle fractures are often the result of indirect injury and usually transpire
during jumping activities/sports. The avulsion occurs during an eccentric firing of
the extensor mechanism, while the leg is about to leave the ground or during
landing [5].

Some patients may have a history of Osgood—Schlatter disease, although the
connection between the injury and Osgood—Schlatter disease is still unclear [8].

Diagnosis (History and Exam Findings, Testing)

The patient will describe attempting to jump up or landing, feeling immediate pain
in the knee, and sometimes a pop, and then falling to the ground. On exam, there
will be swelling and tenderness over the tibial tubercle and a knee effusion [9, 10].
The patient will often be unable to perform a straight leg raise, and attempting to
extend the knee actively will cause significant pain. Some patients may maintain the
ability to extend actively, due to an intact retinaculum, but an extensor lag will often
still be present.

Plain radiographs of the knee (AP and lateral) will demonstrate increased gap-
ping between the tibial tubercle physis and the proximal tibia. There may be propa-
gation of the fracture posteriorly through the proximal tibia physis, as well, or the
fracture may exit through the proximal tibia epiphysis into the joint.

Management
Tibial tubercle fractures can cause injury to the anterior tibial recurrent artery, which

is draped over the anterior tibia, leaving the patient at risk for compartment syn-
drome [1, 11]. The risk of compartment syndrome following a tibial tubercle injury
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can be as high as 5% [8, 11]. Patients with this injury are admitted and monitored
for possible signs of compartment syndrome preoperatively.

Tibial tubercle fractures can be treated with closed reduction and casting in
extension if a patient can actively extend the knee. Most often, these injuries require
treatment with closed versus open reduction and internal fixation to stabilize the
fracture [5]. Open reduction may be necessary, due to periosteal or soft tissue inter-
position at the fracture site, preventing closed reduction. These fractures can be
stabilized with cannulated screws. Post-operatively, patients are placed in a long-leg
cast or knee immobilizer and can be weight bearing as tolerated [1, 5, 10].

Tibial Spine Fractures and Segond Fractures
Epidemiology (Age, Gender, Common Sports)

Tibial spine fractures are rare, with an incidence of 3 per 100,000 pediatric trauma
cases per year [12]. Male and females have approximately equal incidence [12], and
it occurs in children ranging from ages 8 to 14 [9, 10].

Mechanism of Injury

Typically these injuries occur via indirect injury, in which there is a twisting injury
to the knee. The knee hyperextends and internally rotates, causing an ACL avulsion,
or the knee is forcefully rotated while flexed [10, 12]. Direct injuries can cause an
avulsion of the ACL, although this would be more common in a multiple injured
patient with multiple injured knee ligaments. Approximately 50% of these injuries
occur in falls from bicycles [1, 10].

Diagnosis (History and Exam Findings, Testing)

Often patients present with a history of knee pain after pivoting and difficulty bear-
ing weight on the affected leg. The knee will be swollen, and, if aspirated, hemar-
throsis would be present. A patient may have a block to full extension from the
fracture fragment [1]. On exam, there will be a positive Lachman test without an
endpoint and a positive anterior drawer test [1, 13]. The medial and lateral collateral
ligaments and the menisci should also be assessed for concurrent injury, via varus/
valgus stress tests and McMurray/joint line palpation testing, respectively; however,
due to patient cooperation or guarding, the knee examination maneuvers may be
futile [10, 13].

With a tibial spine fracture, imaging will demonstrate a fleck of bone off the
center of the tibial plateau that appears to have been avulsed. An AP with 5 degrees
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caudad tilt, matching the slope of the proximal tibia, may be better suited to visual-
ize a tibial spine fracture [14]. With a Segond fracture, imaging will demonstrate a
fleck of bone off the lateral aspect of the proximal tibia, just above the fibular head.
Both should raise suspicion for an ACL injury. Computed tomography (CT) better
assesses the fracture and displacement, while an MRI is better for assessing the
integrity of the ligaments in the knee, e.g., whether the ACL fibers remain intact,
and the menisci [12].

Management

A tibial spine fracture can be of varying degrees. With minimal displacement,
non-operative treatment can be pursued [1]. The knee is immobilized in exten-
sion in a long-leg cast for 4-6 weeks. If there is displacement greater than
1-2 mm, the fracture requires fixation. This can be done either with open reduc-
tion and internal fixation or with arthroscopic reduction and fixation. Post-
operatively, the patient is placed in a long-leg cast or knee brace for 4-6 weeks
and often requires significant rehabilitation with outpatient physical therapy to
return to sport [1, 9, 10, 12].

Proximal Tibial Metaphyseal Fractures

Epidemiology (Age, Gender, Common Sports)

Tibial metaphyseal injuries are often seen in the 3—6-year-old population [6]. This
type of proximal tibia injury is the only type, in which females predominate [6].
Mechanism of Injury

Most frequently, these injuries occur due to the indirect injury of landing on the
knee in hyperextension with a varus or valgus force. Most commonly, there is a
valgus deformity at the fracture site. Trampoline jumping is a common mechanism
of injury [6].

Diagnosis (History and Exam Findings, Testing)

Patients will have immediate inability to bear weight after the injury. There will be

swelling and possible deformity of the proximal tibia and tenderness over the frac-
ture site. Plain radiographs of the tibia will demonstrate the fracture.
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Management

Non-displaced fractures may be treated non-operatively with a long-leg cast for
4-6 weeks. If there is a greenstick valgus fracture, a reduction is performed and the
leg is subsequently placed in a long-leg cast. Displaced fractures are taken to the
operating room and are generally able to be closed reduced, although occasionally
interposition of soft tissue will require an open reduction [6].

Non-operative treatment of minimally displaced fractures is at risk for Cozen’s
phenomenon [15]. Cozen’s phenomenon is a minimally displaced greenstick frac-
ture that goes on to develop increased valgus deformity approximately 6—12 months
after injury that then usually resolves within 3 years [15-17]. These are treated with
observation and reassurance to parents. If a valgus deformity persists as the patient
nears skeletal maturity, guided growth or a varus-producing osteotomy may be con-
sidered [17, 18].

Proximal Tibial Physeal Injuries
Epidemiology (Age, Gender, Common Sports)

Proximal tibial physeal injuries account for <1% of all pediatric fractures [1, 2].
They can occur in all age groups, but those with physeal injuries tend to be older
than those with metaphyseal fractures; peak incidence is between 10 and 16 years
old [6].

Mechanism of Injury

Approximately 50% of these injuries occur in sporting events, which is often due to
an indirect injury, in which there is a hyperextension force on the knee [1]. This
injury can also be seen with emergent breaking of a bicycle with one leg in hyper-
extension and forcefully striking the ground with forward momentum [6].

A less common cause of injury is high energy direct trauma, like being struck by
the bumper of a car [1, 6].

Diagnosis (History and Exam Findings, Testing)

As mentioned above, a proximal tibia physeal injury can mimic a knee dislocation,
and approximately 7% have peroneal or popliteal injuries [2, 6]. A thorough neuro-
vascular exam is important, when this type of injury is suspected. The neurovascular
exam should include ankle-brachial indices (ABIs); however, there have not been
any studies that correlate ABIs with vascular injury in the pediatric population, so
the threshold for “normal” ABI is not defined [3]. In the adult population, ABIs >0.9
and palpable dorsalis pedis and posterior tibial pulses have been found to have 100%
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sensitivity for detecting a vascular injury after knee dislocations [19]. In the pediat-
ric population, ABIs have been found to have high inter-observer reliability and can
eliminate the need for unnecessary CT angiograms and their inherent radiation [20].

As noted previously, with radiographic imaging, it is important to remember that
the fracture may have been more displaced at the initial injury and subsequently
reduced, giving the appearance of a less significant injury.

Management

These injuries may be treated with either closed or open reduction and stabilization
with pins and require close monitoring for vascular compromise or compartment
syndrome. If there is concern for a vascular injury, it is recommended that a vascular
surgery consultation be made and that a vascular surgeon be present for possible
exploration and/or repair, as needed [6]. After reduction, it is important to perform
a thorough neurovascular exam to ensure that the peroneal nerve or popliteal artery
did not become entrapped in the fracture site [3].

Demonstration Cases

Tibial Tubercle Fracture

A 14-year-old boy presented to the Emergency Department with left knee pain after
attempting a layup in a basketball game. He noticed pain mid-jump and fell to the
ground. He was unable to ambulate after his injury. On exam, he has a palpable
defect inferior to the tibial tubercle and associated tenderness. He is unable to per-
form a straight leg raise, and his leg is held in flexion.

Radiographs of the knee were obtained (Figs. 28.1 and 28.2), which are an AP
and lateral of the left knee in a skeletally immature individual. There is a fracture
through the tibial tubercle, extending posteriorly through the tibial physis. The frac-
ture appears extraarticular. He was admitted for compartment checks overnight, and
a tibial tubercle open reduction internal fixation was performed the next morning
(Figs. 28.3 and 28.4).

Tibial Spine Fracture

The patient is a 10-year-old male with a right knee injury secondary to falling off
the back of his bicycle. He presents unable to bear weight and with a large knee
effusion. X-rays demonstrate a displaced tibial spine fracture (Figs. 28.5 and 28.6).
The knee joint was aspirated, and local analgesia injected after 45 mL of blood was
removed from the knee. The knee was then extended with persistent displacement
of the fracture. The patient was placed in a knee brace locked in extension, trained
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Figs. 28.1 and 28.2 Injury images, tibial tubercle fracture

Figs. 28.3 and 28.4 AP and lateral of the left knee with two cannulated screws in the tibial tuber-
cle with reduction of the fracture that was seen in Figs. 28.1 and 28.2
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Figs. 28.5 and 28.6 Right knee AP, lateral showing the displaced tibial spine avulsion fracture

Figs. 28.7 and 28.8 Right knee AP, lateral 6 weeks post-operatively following arthroscopic-
assisted reduction and internal fixation

on crutches, and discharged home. The patient was scheduled as an outpatient for
surgery 10 days after the injury and underwent arthroscopic reduction and screw
fixation (Figs. 28.7 and 28.8) after diagnostic arthroscopy determined that ACL
fibers were largely intact and menisci were without evidence of tear. He underwent
appropriate outpatient physiotherapy and returned to sport 6 months after injury.
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Proximal Tibia Physeal Fracture

The patient is an 8-year-old male involved in a motorbike accident on the race
course. He presented to the emergency department with knee pain, swelling, and
mild deformity at the knee. X-rays revealed a Salter—Harris type IV proximal tibia
fracture (Figs. 28.9 and 28.10). Ankle-brachial index was significantly diminished
in the injured limb. Interventional radiology performed an arteriogram in the OR
after closed reduction and pinning of the physeal fracture. He was found to have a
popliteal artery intimal tear that necessitated vein interposition graft, external fixa-
tion spanning the knee, and fasciotomies for compartment syndrome prophylaxis
(Figs. 28.11 and 28.12). The injured proximal tibial physis went on to experience
growth arrest at that physis. To maintain the normal tibiofibular relationship and to
achieve limb parity, further surgery was needed. The ipsilateral proximal fibula
and contralateral tibia and fibula phases were arrested surgically.

Additional Cases of Proximal Tibia Physeal Fracture

Proximal Tibial Metaphyseal Fracture with Cozen’s
Phenomenon

The patient is a 28-month-old female who sustained an incomplete proximal tibia
metaphyseal fracture that was relatively non-displaced (Figs. 28.13 and 28.14). She
was treated in a cast without reduction needed, and the cast was removed at 4 weeks
with a clinically and radiographically healed fracture. The patient was briefly lost to

P £

A
Figs. 28.9 and 28.10 AP, lateral of the right tibia and fibula. Note the posterior translation of the

epiphysis and metaphysis of the proximal tibia on the lateral view. This is a subtle finding, but this
pattern is very high risk for neurovascular injury
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Figs. 28.11 and 28.12 Post-operative AP and lateral of the knee demonstrating pins and external
fixation

Figs. 28.13 and 28.14 AP, lateral of the left tibia demonstrating incomplete proximal tibia frac-
ture with buckling of the lateral metaphyseal cortex and no other significant displacement
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Figs. 28.15 and 28.16 Cozen’s phenomenon showing development of valgus at the proximal
tibial metaphysis fracture site, which is healed

follow-up after fracture healing but returned to clinic 17 months later with valgus
appearance of the affected extremity that is continuing to be monitored annually
(Figs. 28.15 and 28.16). The patient is asymptomatic currently. Cozen’s phenome-
non was discussed with the family at the very first orthopedic visit, and they have
been attentive to follow-up requests.
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Pearls and Pitfalls

Injuries to the proximal tibia physis or to the tibial tubercle should be handled
in an expeditious manner and referred to a pediatric emergency department
for further care, as they will require monitoring and likely surgical interven-
tion. Missing one of these injuries can be detrimental, particularly a tibial
physeal injury, which may not be easily noticeable on a radiograph. If there is
a suspicion for an injury to the physis or to the tibial tubercle, referral to a
hospital with orthopedic specialists is prudent.

Tibial spine/Segond Fracture injuries are not surgical emergencies but do
require orthopedic specialist care. A patient can be placed into a knee immo-
bilizer for comfort and instructed to follow-up in the office of a pediatric
orthopedist. In the case of a tibial spine fracture, timely follow-up is ideally
within a week. Segond fractures indicating ACL injury without spine fracture
are best to follow up around 2 weeks after injury.

If a tibial spine fracture is seen on a radiograph, be wary of performing
ACL testing on the knee (Lachman and anterior drawer testing), as these
maneuvers may displace the fracture even more and preclude the ability to
treat the injury non-operatively.

Chapter Summary

Proximal tibia injuries in the pediatric population are often a result of avulsion inju-
ries, due to weakness at the level of the physis. These injuries mimic injuries that
would be seen in an adult population: tibial tubercle fractures are akin to patellar
tendon ruptures and tibial spine fractures are akin to ACL ruptures. If these injuries
are non-displaced, they are often treated with closed reduction and a long-leg cast
in extension. When displaced, they require reduction and fixation to align the bones
to allow for appropriate healing. When a patient is found to have a proximal tibial
physeal or a tibial tubercle avulsion injury, the patient should be monitored closely
for vascular injury and compartment syndrome.

Helpful websites videos, etc.
http://www.wheelessonline.com/
https://www.orthobullets.com/


http://www.wheelessonline.com/
https://www.orthobullets.com/
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Chart/table

Condition Tibial tubercle fractures

Description Fracture through the tibial tubercle physis; an avulsion injury of the

extensor mechanism of the knee

Epidemiology M > F, 14-16 years

Mechanism Indirect injury, likely jumping

(common)

History and exam
findings

Knee pain, inability to straighten knee, palpable defect inferior to the
tibial tubercle

Management If minimally displaced, non-operative in long-leg cast. If displaced, closed
versus open reduction and cannulated screw fixation

Condition Tibial spine fracture and Segond fractures

Description Tibial spine fracture is an avulsion of the ACL off the tibial plateau.
Segond fracture is an avulsion of the ALL off of the lateral tibial plateau.
A Segond fracture may indicate an occult ACL injury

Epidemiology 1/300,000 pediatric traumas, M = F, 8-14 years

Mechanism Indirect injury, a twisting injury to the knee, often with hyperextension

(common) Commonly associated with foot placed against ground, while on bicycle

in younger patients

History and exam
findings

Indirect injury, while pivoting or twisting about the knee. Significant knee
swelling and positive Lachman testing or anterior drawer testing, due to
incompetent ACL

Management Non-operative management in long-leg cast, if non-displaced. Operative
management with open reduction or arthroscopic reduction and internal
fixation if displaced

Condition Proximal tibial metaphyseal injury

Description Fracture of the proximal metaphysis of the tibia

Epidemiology 3-6 years, F>M

Mechanism Hyperextension, varus/valgus injuries; trampoline injuries

(common)

History and exam
findings

Pain, inability to bear weight. Tenderness over the fracture site

Management Reduction and long-leg casting. Delayed valgus deformity is common
(Cozen’s phenomenon) and often resolves by 2-3 years of post-injury

Condition Proximal tibial physeal injury

Description Fracture of the proximal tibial physis

Epidemiology Typically older than those affected by metaphyseal injury. Reported
1016 years of peak age

Mechanism Varus/valgus and/or hyperextension injury

(common) Can be associated with high energy direct blow

History and exam
findings

Significant swelling often present, concern for nerve or vascular injury
even with normal pulse to palpation

Management

Usually operative, consider ABIs, neurovascular monitoring
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Chapter 29
Meniscus Injury

Miranda Gordon-Zigel and Valerie E. Cothran

Anatomy and Normal Function

The meniscus is located between the femoral condyles and tibial plateaus. It acts to
protect the articular cartilage by maintaining stability of the knee and transmitting
forces across the knee joint. It also aids with proprioception. It is made primarily out
of type I collagen bundles, which are circumferential and radially oriented to help
to prevent tearing [1].

The medial meniscus is the larger of the two menisci; it is C-shaped, covers
about 50% of the medial tibial plateau and has a larger posterior horn than anterior
horn. It has bony attachments to the anterior and posterior horns at the meniscal
root; peripherally, it has attachments to the joint capsule and to the deep fibers of the
medial collateral ligament (Fig. 29.1). The medial meniscus provides anteroposte-
rior stability to the knee [1].

The lateral meniscus is more circular in shape; it covers about 70% of the lateral
tibial plateau and has similarly sized anterior and posterior horns. Anteriorly, it
attaches next to the anterior cruciate ligament; “posteriorly it attaches behind the
intercondylar eminence anterior to the attachment of the posterior horn of the medial
meniscus” [1]. It also has attachments via the meniscofemoral ligaments, popliteo-
meniscal fasciculi, and the ligament of Wrisberg, which travels posterior to the pos-
terior cruciate ligament and attaches to the femur [1].

The medial meniscus has a stronger attachment to the joint capsule, which makes
it less mobile and more susceptible to meniscocapsular separation and tears. The
lateral meniscus is more mobile, because of weaker attachments. The meniscal
blood supply comes via the medial and lateral geniculate arteries. At birth the entire
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Medical meniscus
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Fig. 29.1 Meniscal anatomy and relationship to important structures of the knee joint [1]

meniscus has a direct blood supply; however, this changes with age. By 9 months of
age, the inner one-third of the meniscus is avascular. By 10 years of age, the blood
supply is similar to that of the mature meniscus with an avascular inner third and
vascular outer third. The direct vascular supply in the outer one-third is referred to
as the red zone (Fig. 29.2). The white zone, the inner portion of the meniscus, is
avascular and receives nutrition through synovial diffusion [3, 4].

Pathology and Dysfunction

Meniscal pathology in children and adolescents can occur in the setting of a mor-
phologically normal or abnormal meniscus. Meniscal tears are classified according
to their orientation (horizontal, radial, complex, root injury, bucket handle) and
location (zone of the meniscus) [4].

Normal Meniscus

In a morphologically normal meniscus, the majority of meniscal injuries are trau-
matic (i.e., often occur during athletic activities), isolated, and peripherally located.
Most traumatic meniscal injuries occur after the age of 12 [2].
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Fig. 29.2 Classification of
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Discoid Meniscus

A discoid meniscus is a congenital variant with abnormal morphology and may cre-
ate innate instability of the lateral meniscus. It is thicker and has poor tissue quality
and instability. It has less vascularity in the periphery than a normal meniscus. Due
to the abnormal vascularity, abnormal morphology, and attachments, discoid
menisci are more prone to tears, which may be symptomatic or asymptomatic [5].
There are three types of discoid meniscus described by the Watanabe Classification —
Wrisberg, complete, and incomplete (Fig. 29.3).

e Type I/Wrisberg type is the least common type. The meniscotibial attachment of
the lateral meniscus is absent, so it is only fixed at the posterior meniscofemoral
ligament (Wrisberg ligament). This is the most unstable variation of a discoid
meniscus [2].

e Type [I/complete type is the most common type. The meniscus covers the entire
tibial plateau; it has a normal tibial attachment; and the meniscus is typically
thickened and hypertrophic [2].

e Type Ill/incomplete type is more common than Type I but less common than
Type II. The meniscus partially covers the tibial plateau and is thickened; it also
has a normal tibial attachment [2].

Epidemiology

The exact prevalence of pediatric meniscal tears is unknown, although it has been
rising with the increased participation in youth sports. Meniscal injuries are most
common in sports that involve cutting and change of direction, as well as in con-
tact sports.

Discoid meniscus is thought to occur in at least 3—6% of the US population, but
the true incidence is difficult to know, because some may be asymptomatic. The

Fig. 29.3 Tllustration of the Watanabe classification of discoid meniscus. 1 — complete type, 2 —
incomplete type, 3 — Wrisberg type [2]
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incidence also varies in different populations. In Europe, the incidence has been
reported as 1.2-5.2%, whereas in East Asian countries it has been reported as
13-46% [2]. The incidence of discoid meniscus is similar between females
and males.

Mechanism of Injury

In a morphologically normal meniscus, the usual mechanism of injury is a pivot-
shift or rotational injury during athletic activity. In a discoid meniscus, the mecha-
nism of injury may be similar to that of a normal meniscus, may be due to a lower
impact injury, or may be without any injury mechanism.

Diagnosis (History/Exam Findings/Testing)
History

In the setting of an acute injury, the patient will complain of knee pain and may have
a knee effusion following a pivot-shift injury or direct trauma to the knee. In addi-
tion to pain, he/she may complain of locking, catching, giving way, or a lack of full
knee extension.

A discoid meniscus may be asymptomatic, if stable and untorn. A torn discoid
meniscus may present with pain or instability, similar to that of a traumatic injury.
An unstable discoid meniscus may be symptomatic even without a tear. In these
cases, a patient may complain of intermittent snapping or popping, loss of full knee
extension, knee pain, and/or a bulge at the lateral joint line, which can represent a
subluxing lateral meniscus.

Physical Exam

On exam, tenderness in the medial or lateral joint lines can indicate a meniscal
injury. There may not be a joint effusion. Special exam maneuvers can help to assess
the meniscus. It is important to test the remainder of the stabilizing structures of the
knee, as well, as a meniscal injury may happen in the setting of another injury, like
an ACL tear.

The McMurray test is commonly used. “With the patient supine, the examiner
brings the knee from full flexion to 90 degrees of flexion first with full tibial internal
rotation and then with full tibial external rotation. A positive test produces a ‘click’
and reproduces the patient’s painful sensation” [6]. The Thessaly test is more
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patient-controlled. “The patient stands with all weight on one extremity, holds onto a
stationary item for support, then internally and externally rotates his or her knee and
body while keeping one foot planted with the knee flexed at 5 degrees and then 20
degrees. Joint line pain with the maneuver indicates a possible meniscus tear” [6].
Some practitioners may also use the Apley grind test, during which a “strong external
rotation force [is] applied to the knee while flexed at 90 degrees at rest, with distrac-
tion, and with compression. Joint-line pain with distraction is concerning for ligamen-
tous injury. Joint-line pain with compression is concerning for meniscal pathology”
[6]. Another patient-controlled test is the Squat test. The patient performs a full squat
with the legs externally and then internally rotated. Posterior-medial joint line pain
with squatting in external rotation suggests medial meniscal injury, and posterlior
lateral joint line pain with internal rotation suggests lateral meniscal injury.

Imaging

Plain radiographs may show no findings; with more severe injuries, they can show
squaring of the lateral femoral condyle, cupping of the lateral tibial plateau, and
widening of the lateral joint space or hypoplastic lateral tibial spine [4]. Radiographs
are also useful to rule out other injuries, such as fractures or osteochondritis disse-
cans [7].

Magnetic resonance imaging (MRI) can aid in the diagnosis. There are three
typical types of MRI findings that can be seen in the setting of a discoid meniscus.
These include anterior—posterior diffusely hypertrophic type (slab), anterior hyper-
trophy type, and posterior hypertrophy type [2]. MRI can also help to classify the
location, direction, and type of tear, which helps to determine management.

Classification of Meniscal Tear Types

Meniscal tears are classified based on their location (red zone versus white zone)
and their orientation (Fig. 29.4). Tear orientation is described as longitudinal (or
vertical), horizontal, radial, oblique, or complex. Longitudinal tears are perpendicu-
lar to the tibial plateau and parallel to the long axis of the meniscus. Horizontal tears
may be referred to as cleavage tears. They split the meniscus parallel to the tibial
plateau, they are more common in older adults. Radial tears are perpendicular to
both the tibial plateau and the long axis of the meniscus (looks like a spoke in the
wheel of the meniscus).

In the pediatric population, tears of the medial meniscus are more common than
those of the lateral meniscus. The classification of the tear is important in determin-
ing the treatment needed. Treatment options are non-operative (physical therapy
and rest) and operative. Surgical treatment options include meniscal repair, partial
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Complete longitudinal  Incomplete longitudinal Bucket handle Displaced bucket handle
Flap Displaced flap Radial Double flap

Fig. 29.4 Classification of meniscal tear types [2]

or total menisectomy, and masterly neglect [7]. In the pediatric population, the main
principle in operative management is to preserve as much meniscal tissue as possi-
ble to minimize the risk for early osteoarthritis. Tears that are smaller than 5 mm and
are located in the avascular area are often stable and can be treated non-operatively.
Larger tears and those that are unstable generally require surgical intervention.
Often times it is difficult to determine the stability of a meniscal tear from imaging
alone. In these cases, a diagnostic arthroscopy is performed to determine the stabil-
ity of the lesion upon probing. Bucket-handle tears are particularly unstable, due to
their propensity to flip over on themselves, causing a mechanical block, leading to
the necessity for surgical intervention [7].

A bucket-handle meniscal tear is “an oblique or vertical tear that extends longi-
tudinally throughout the meniscal body from the posterior horn to the anterior horn.
The inner fragment can displace into the intercondylar notch causing mechanical
symptoms” [8]. Bucket-handle tears usually occur as the result of a traumatic sports
injury in a morphologically normal meniscus. It is a rare injury pattern in children
younger than 10 years of age. Patients will present with pain, swelling, instability,
and mechanical symptoms after a traumatic injury [8]. Due to the displacement that
occurs with this tear pattern along with the loss of range of motion, these injuries are
surgically repaired in a more expedited fashion, and it is important for these patients
to be evaluated by a surgeon as soon as possible after the injury.

Tears in the attachment of the meniscus to the tibia or root tears result in impaired
distribution of forces and meniscal extrusion. They most often occur in the posterior
attachment of the lateral meniscus and are often occur in association with ACL
tears [9].
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Management

An asymptomatic discoid meniscus can be managed expectantly. If symptomatic,
conservative management with physical therapy should be tried first. If conserva-
tive management fails, surgery is indicated to preserve the meniscus with sauceriza-
tion (surgical reshaping of the meniscus) and repair. In the setting of a traumatic
meniscal tear, surgery may be indicated, depending on the shape and location of the
tear. Tears that are small and stable and that have good blood supply may not need
repair; however, some may require surgical exploration (i.e., arthroscopy) to assess
the stability of the lesion [7]. Tears that do not require repair or meniscectomy may
be treated with a period of rest in a knee immobilizer and with non-weight bearing
or protected weight bearing [7]. If repair is not possible, meniscectomy is the next
step [4]. As meniscectomy has been found to increase the risk of development of
early osteoarthritis, the preference is to maintain as much native meniscal tissue as
is possible [10].

Demonstration Cases

Common Presentation

A 14-year-old girl presents with a swollen and painful knee after twisting it during
a soccer game 2 days ago. She was running and, when pivoting to change direction,
she felt pain in her knee. Later that night she noticed some swelling. Over the last
couple of days, she has had swelling, pain, clicking, and decreased range of motion.
She says that, for the last year or so, she has had some clicking in the knee, but it
was never painful.

Her exam is significant for decreased range of motion in extension, a moderate
knee effusion, tenderness to palpation over the lateral joint line, a negative Lachman,
a negative anterior drawer and posterior drawer, no laxity with varus or valgus
stress, and a positive McMurray.

She had an MRI of the knee performed without contrast, which showed a moder-
ate joint effusion, a meniscus with discoid morphology with an acute lateral bucket-
handle meniscal tear. Her ACL, PCL, MCL, and LCL were all intact.

She was put in a knee immobilizer and was given crutches and told to be non-
weight bearing. She was taken to the operating room for a meniscal repair 1 week
after her injury. She completed a course of postoperative physical therapy. After
completing her physical therapy, she was able to return to playing soccer.
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Uncommon Presentation

A 5-year-old boy presents with intermittent left lateral knee pain and popping.
There was no known trauma. The patient was a health active 5-year-old without any
past medical history. Mom and patient report two previous episodes of mild swell-
ing of the left knee after prolonged activity, which resolved with rest.

His physical exam reveals a visible and audible pop at the left lateral joint line
with full active flexion. This was minimally painful. There was no effusion. There
was a similar, yet less noticeable, pop on the right.

MRI revealed bilateral lateral discoid menisci without meniscal tears. He was
diagnosed with bilateral symptomatic discoid menisci with reproducible posterior
subluxation during flexion. This was confirmed with direct visualization during
arthroscopy. The patient underwent arthroscopic lateral discoid meniscus sauceriza-
tion. He completed postoperative physical therapy and returned to full activity after
4 weeks.

Chapter Summary

Meniscal injuries in the pediatric population can occur in the setting of a morpho-
logically normal meniscus or in a discoid meniscus. In the setting of a morphologi-
cally normal meniscus, injuries are generally related to a specific trauma that is
most commonly athletics related. In the setting of a discoid meniscus, injuries can
be traumatic or there can be symptomatic pathology directly related to the abnormal
morphology.

Condition Table

Meniscal injury

(Normal meniscus) Normal meniscal injury
Description Traumatic tear of meniscus
Epidemiology True incidence of injury is unknown; however, it has been rising with

the increase of participation in youth sports

Mechanism (common) | Pivot-shift injury, rotational injury, or direct trauma to the knee

History and exam History — joint line pain, locking, catching, instability
findings Exam — joint line tenderness; knee effusion; positive McMurray,
Thessaly, Apley grind, or squat test

Management Depends on the size and location of the tear
Consider initial conservative management with physical therapy
Surgical repair with conservative treatment failure or with severe tear
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Meniscal injury

(Discoid meniscus) Discoid meniscal injury

Description Abnormal morphology of meniscus allows for instability and easy
tear

Epidemiology Incidence ranges (based on geography — in Europe 1.2-5.2%, in

United State 3-6%, in East Asian countries 13-46%). Similar
incidence between males and females

Mechanism (common) | Pivot-shift injury, rotational injury, direct trauma to the knee, or may

be an atraumatic injury

History and exam History — joint line pain, locking, catching, instability
findings Exam — joint line tenderness; knee effusion; positive McMurray,

Thessaly, Apley grind, or squat test

Management If asymptomatic, observe

If symptomatic, consider repair
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Chapter 30
Osteochondritis Dissecans of the Knee
(Femoral Condyle and Patella)

Kayla E. Daniel and Anastasia N. Fischer

Anatomy and Normal Function

The knee joint is composed of bones, cartilage, ligaments, and tendons. The bones
and cartilage play an essential role in joint function, specifically at the osteochon-
dral surface of the distal femur and patella. The osteochondral surface refers to the
subchondral bone surface and articular cartilage. Cartilage is avascular and is meta-
bolically supported by synovial fluid and subchondral bone. Articular cartilage
functions to decrease friction and distributes loads to underlying subchondral bone.

Pathology and Dysfunction

Osteochondritis dissecans (OCD), also referred to as an osteochondral defect, is a
localized alteration of subchondral bone structure with risk for instability and dis-
ruption of adjacent articular cartilage [1]. Softening of the overlying articular carti-
lage leads to early articular cartilage separation, then to partial detachment of the
lesion, and finally to osteochondral separation with loose body formation. The exact
etiology has been a subject of debate. Multiple theories exist for OCD pathophysiol-
ogy, including disruption of the normal endochondral ossification, genetic factors,
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focal ischemia, and repetitive microtrauma, the most widely accepted theory [1-3].
The typical location for OCD lesions is on the lateral aspect of the medial femoral
condyle [4]. This area is at risk for trauma, secondary to impingement against the
tibial spine, thus supporting the theory of repetitive microtrauma as a primary etiol-
ogy [3, 4]. Lesions at the medial femoral condyle account for 70-80% of knee OCD
lesions, and 15-20% are found in the infero-central lateral condylar region. Patellar
lesions are less common and account for 5—-10% of knee OCD lesions. OCD lesions
in the patella are frequently found at the inferior pole [5].

Epidemiology

Children ages 12—19 have three times greater risk in developing OCD lesions of the
knee, compared to children ages 6—11. Males have a much higher incidence of OCD
and approximately four times the risk of developing OCD lesions, as compared to
age-matched females [6]. There is approximately a 29% incidence of bilateral knee
OCD lesions. Female sex and younger age at presentation are risk factors for bilat-
eral disease [3]. Risk for OCD lesions increases with year-round, high-level sports
and specific sports involving repetitive force and high-frequency injuries of the knee.
These activities include long-distance running, soccer, football, and basketball [1, 6].

Mechanism of Injury

There is no clear mechanism of injury for the development of OCD lesions. Based on
the theory of repetitive microtrauma, OCD lesions can be classified as an overuse injury
[3, 4]. OCD lesions of the knee are often found incidentally on radiographs, while the
athlete is being evaluated for an unrelated injury or following a traumatic event [1].

Diagnosis

History — Most children present with chronic, vague, intermittent, achy, activity-
related knee pain. In unstable lesions, children may experience catching, locking, or
a popping sensation from a loose osteochondral fragment [1, 2]. OCD lesions may
also be incidentally found in children presenting with other primary complaints.

Exam — Pain is often poorly localized. A knee effusion, crepitation, or antalgic
externally rotated gait pattern may be observed [2]. Children may have a positive
Wilson sign. A positive Wilson sign is the production of pain at the anteromedial
aspect of the knee, when the knee is flexed to 90° and the tibia is then internally
rotated while the knee is brought to 30 degrees of flexion [1].

Testing — Plain radiographs can localize and measure the lesion, describe the mor-
phology, and determine the skeletal maturity of the child (Figs. 30.1 and 30.2). Four
specific views are recommended, including anterior—posterior, lateral, merchant (or
sunrise) view, and flexed tunnel view [1, 2]. Plain radiographs cannot sufficiently
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Fig. 30.1 Medial femoral
condyle OCD radiograph
in a 13-year-old boy (with
smaller lateral femoral
condyle OCD lesion)

Fig. 30.2 Patellar OCD
radiograph in a
14-year-old boy
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Fig. 30.3 Medial femoral
condyle OCD MRI in a
13-year-old boy (with
smaller lateral femoral
condyle OCD lesion)

Fig. 30.4 Patellar OCD
MRI in a 14-year-old boy

K. E. Daniel and A. N. Fischer
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Table 30.1 MRI classification of juvenile osteochondritis dissecans [9]

Grade MRI finding
Grade I | No break in articular cartilage. Thickening of articular cartilage

Grade II | Articular cartilage breached, low signal rim behind fragment indicating fibrous
attachment

Grade III | Articular cartilage breached with high signal T2 changes behind fragment suggesting
fluid behind the lesion

Grade IV | Loose body with defect of the articular surface

determine the stability of an OCD lesion. MRI is helpful in diagnosing, characteriz-
ing, and staging OCD lesions (Figs. 30.3 and 30.4). Several classification systems
for OCD stability are based off of MRI imaging (Table 30.1), specifically looking at
distinct fragments, high T-2 signal intensity between the parent and progeny bone,
chondral disruption, and identifiable loose bodies [2, 4]. Ultrasound (US) can be
used to screen and monitor OCD stages II-IV; however, US is limited in assessing
OCD stage I, as well as defects localized to the intracondylar notch or the posterior
lateral condyle [7]. While MRI remains the gold standard for diagnosing and moni-
toring OCD lesions, the gold standard for diagnosing stability of OCD lesions is
arthroscopy [2, 7]. MRI predictability of high-grade, unstable lesions is less reliable.
In addition, lesions that are in atypical locations, such as the lateral femoral condyle,
often present as higher-grade lesions on arthroscopic evaluation [8].

Management

The skeletal maturity of the patient and stability of the fragment determine the treat-
ment options for OCD lesions of the knee [1, 2]. In a skeletally immature patient
with open physes and a stable lesion, the initial treatment is often non-operative
management. Non-operative or conservative management may include anti-
inflammatory medications, range-of-motion exercises, and stretching and strength-
ening exercises either at home or with a physical therapist [1]. A brace or cast with
crutches may be recommended to immobilize and protect the joint. The purpose of
conservative therapy is to eliminate pain and give the lesion time to heal [2]. Healing
may take up to 6 months. Trends toward early intervention of chronic, stable lesions
prior to conservative management are currently being explored. In a case series of
multifocal OCD lesions only 25% healed with conservative management; stable
lesions that underwent surgical management healed more reliably than unstable
lesions [10]. If the lesion is unstable, or if the child fails to improve with conserva-
tive management, surgical treatment is then recommended. The specific surgical
procedure depends on different factors, such as the size and shape of the lesion and
the condition of the surrounding cartilage. Surgical treatment of patellar OCD
lesions is uniquely challenging, due to the thickness of the lesion and the required
surgical approach. Internal fixation is preferred over fragment excision and drilling,
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due to inferior functional results [11]. Regenerative surgical options, such as micro-
fracture surgery, aim to stimulate natural cartilage healing and have recently become
first-line therapies. Microfracture surgery promotes cartilage regeneration by expos-
ing chondral lesions, through perforations, to mesenchymal stem cells from bone
marrow. Microfracture surgery, in combination with the use of specific hydrogel
scaffolding, improves the quality of chondrogenic differentiation to mimic the his-
tological and biomechanical properties of native hyaline cartilage [6, 7, 12].

Demonstration Cases

Common Presentation

A 13-year-old male presents to the office with chronic, non-specific knee pain and
reports intermittent swelling that is worse with activity. He recently had to sit out
from gym class because of pain. His exam shows no joint effusion, no specific point
tenderness, and no signs of ligamentous instability. Four view radiographs reveal
subtle flattening and an indistinct radiolucency of the cortical surface on the medial
femoral condyle. An MRI confirms the presence and stability of the OCD lesion. He
is treated with conservative management and is removed from participation in
sports, while healing. He completes physical therapy and is transitioned to home
exercises. He is asymptomatic at his 6-month follow-up visit with reassuring radio-
graphic changes and is cleared for return to play.

Uncommon Presentation

A 14-year-old male presents to the office with chronic, non-specific, activity-related
knee pain that has acutely worsened. He reports that the pain is associated with inter-
mittent swelling and states that his “knee is catching and locking in place.” He limps
into the exam room and is noted to have a small knee effusion but no additional signs
of ligamentous instability. Four view radiographs reveal a well-circumcised frag-
ment of bone with a lucent defect in the medial femoral condyle. An MRI confirms
the presence of a stage IV, unstable, OCD lesion of the medial femoral condyle. He
is referred to an orthopedic surgeon for surgical evaluation and treatment.

Pearls and Pitfalls
OCD lesions are often missed on anterior—posterior radiographs of the knee.
Lateral, notch, and merchant views are recommended to identify OCDs on
radiographs.

Open femoral physes are the best predictor for successful non-operative
management. Lesions at the patella and lateral femoral condyle have poorer
prognosis.
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Chapter Summary

Osteochondritis dissecans is an alteration in the subchondral bone structure, often in
the femur, with the risk for instability and disruption of the adjacent articular carti-
lage. Children may present with chronic, vague, activity-related knee pain. If the
lesion is unstable, children may have mechanical symptoms, swelling, and gait
abnormalities. OCD lesions are often initially diagnosed on radiographs and then
confirmed, characterized, and staged with MRI. Depending on the stability of the
lesion and patient characteristics, OCD lesions are either treated with conservative
management non-operatively or with surgical intervention.

Suggested Website

https://www.nationwidechildrens.org/specialties/sports-medicine/sports-medicine-
articles/osteochondritis-dissecans

Condition Osteochondritis Dissecans

Description Localized alteration in the surface of a joint involving pathology
of articular cartilage and underlying bone

Epidemiology Most common in children ages 12-19
Nearly four times more common in males

Mechanism (common) No clear mechanism or etiology. May be associated with repetitive
microtrauma

History and exam findings | Stable lesions: Chronic, non-specific, activity-related knee pain
with normal exam

Unstable lesions: Pain associated with knee catching and locking.
Knee effusion and gait abnormality on exam

Management Stable lesions are treated with non-operative conservative
management
Unstable lesions are treated surgically
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Nailah Coleman

Introduction

This book has reviewed a variety of pediatric knee injuries, both acute and chronic,
including the unique mechanisms that contribute to those injuries. Unfortunately,
there are system issues that also contribute to injuries in youth, be they athletes or
not. Some youth may be overtraining, which can lead to overuse injuries (among
other conditions); other youth may not be achieving even the daily recommended
activity levels and, due to their low fitness and coordination, can sustain an acute
injury with little activity.

Sports Specialization and Injury

Let’s first begin with our youth sports enthusiasts, more specifically, those who are
participating in sports at increased or excessive levels. Roughly 60 million youth
participate in athletics annually [1], and that number has been increasing over time
[2]. Although we appreciate that youth athletes are involved in activities that can
improve their overall health and wellness, there are some youth, early sports spe-
cializers, who are at increased risk of injury and other conditions associated with
overtraining.

Sports specialization can be traced back to Olympic athlete development pro-
grams, which were traditionally very intense and, in terms of medals, very success-
ful [3]. Unfortunately, the lure of similar glory and knowledge of intense, but
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successful, training regimens likely allows for continuation of the practice today
[3]. An early display of talent can also lead to pressure for more intense training and
early sports specialization [2].

Sports specialization has three general components: an athlete participates in one
main sport; that participation extends for 8 or more months in the year; and the
athlete has quit other sports in favor of that one main sport [1, 4]. Depending on
whether he/she has achieved one, two, or three of those components, the youth ath-
lete could be considered a low, moderate, or high sports specializer [4].

For the most part, early sports specialization does not necessarily result in elite
athlete status, with the exception of athletes participating in sports who benefit from
early preparation and foundational skills development, like gymnastics and figure
skating [3]. In addition, those who do well early may not continue to excel and some
may actually burn out of their sport [3]. From a numbers standpoint and given the
limited number of elite positions available, not all youth athletes will progress to an
elite or professional level, regardless of ability or lack thereof [5].

Why is there a concern about youth sports specialization? There is a proven link
between training volume and injury risk. Although age-related volume recommen-
dations have not been well studied, the general rule is to limit formal activity hours
per week to age in years or less [1, 3, 4]. In addition, current recommendations sup-
port limiting intense training to 16 hours per week [1, 3, 4]. Those who exceed that
maximum training volume display an increased injury rate [4]. In fact, a 2:1 ratio of
organized to recreational sports participation is associated with an increased risk of
overuse injury [3]. There is also an increased injury risk with year-round train-
ing [1, 4].

Training intensity levels also have a similar, and independent, association with
injury. Increased intensity can lead to increased injury [4]. This may be related to
a variety of factors. As it often limits participation in a variety of activities and
can impact the development of important and diverse motor skills [3], participat-
ing in a single sport may not provide the appropriate mix of neuromuscular train-
ing to prevent injury [4]. The uninterrupted repetition of a small number of skills
can lead to overuse [4]. Excessive training can also affect growth, such as with
female gymnasts, although they can experience some catch-up growth after
retiring [2].

Given the increased demands for training and competition [4], this singular focus
on one activity may also impact long-term physical activity participation and enjoy-
ment [3]. The stress and pressure to participate in one sport can lead not only to
overuse injuries but also to burnout, depression, feeling out of control [1, 4, 6],
isolation, fatigue, and mental health conditions (ex. depression, substance abuse,
and eating disorders) [2]. Some attrition from sports participation can be linked to
injury and fear of re-injury [4]. Unfortunately, post-injury recovery can lead to inac-
tivity and obesity, further complicating a potential return to sport [6].

For those participating in youth sports, we should ensure programs are develop-
mentally appropriate for the youth (physically, psychologically, mentally) and
address any particular deficits the individual child may have [3]. We should also
monitor youth athletes for signs of burnout [3, 6], including decreased appetite,
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fatigue, apathy, injury, poor sleep, and frequent colds [6], and for injury, particularly
if they are exceeding the recommended training volumes [3, 6].

Training workloads for youth athlete development should focus on quality over
quantity, allow time for rest within the training progression plan, focus on the ath-
lete’s development and not on the specific results desired, and ensure a pre-season
conditioning program that allows for neuromotor skills development [6]. Pre-season
conditioning programs can, thus, be designed to offer a variety of motor skills train-
ing [3]. Pre- and off-season training should provide non-sports-specific skill learn-
ing opportunities, especially for those sports that favor specialization (ex. gymnastics
and figure skating) [6]. We should allow intensely training athletes time for recov-
ery, especially for competitions that last several days [6].

As we want our youth to participate successfully in physical activities and as we
want that participation to extend across the lifespan, there are things we can do to
facilitate their participation. We should provide daily time and opportunities for
free, unstructured play (directed by youth) and encourage sport sampling to support
the development of a variety of skills for neuromotor development [3, 4]. Sport
sampling allows for exposure to and learning of a variety of motor skills above and
beyond the skills the child might inherently possess or find easy [3, 6]. A physical
education (PE) program might provide youth with opportunities to learn the funda-
mental skills for a variety of sports [3, 6]. Unfortunately, current PE programs are
inadequate or nonexistent [6].

The Physical Activity Spectrum

Moving from youth who participate, at times, excessively in physical activity to
those who get very little, we will take some time to review the current youth physi-
cal activity recommendations. Everyone should be active throughout their lifetime
[5]. Worldwide, it is currently recommended that all youth obtain at least 60 min-
utes or more per day of moderate to vigorous activity [6, 7] and strength- and bone-
based activities three times weekly [6].

Unfortunately, worldwide children and adolescents are generally not meeting
currently recommended activity levels [5, 6, 8], in part due to decreased opportuni-
ties for participation in physical activity and exercise [7]. There are also the system
factors referenced earlier, including any or all of the following contributors:
decreased (or no) active transportation, poor diet, poor sleep [6], limited (or no)
recess/free play and PE [6, 8-10], too much sedentary time (on screens) [6, 10], and
crime/fear for self [7].

In general, we tend to think of young athletes as meeting or exceeding the current
youth physical activity recommendations. Unfortunately, participation in sport does
not always guarantee one will meet the daily recommended amounts of physical
activity [6, 10]. In fact, only 24% of athletes in sport meet current activity recom-
mendations, in part due to a significant amount of practice time spent receiving
instruction and waiting [9].
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Physical inactivity is now the fourth leading risk factor for death due to noncom-
municable disease worldwide [8, 10]. As physical activity is important for physical,
emotional, social, and cognitive health [7], this daily deficiency requires correction.
We need to ensure that youth across the physical activity continuum [9] meet the
current physical activity level recommendations, be they highly inactive or overly
intense/specialized [9]. As was noted earlier, the specialized youth are at increased
risk of injury; however, the inactive youth, due to a lack of skills (or balance of
skills), can also sustain an injury, acute or overuse [9].

Exercise Deficit Disorder and the Physical Inactivity Triad

Most people tend to think of children as constantly moving; however, this is increas-
ingly an outdated phenomenon. The current peak physical activity in this generation
tops off around age 6 [6, 9, 10], meaning they gradually decrease their physical
activity levels after that age. In fact, 70% of youth drop out of all sports by age 14
[9]. This limitation in physical activity is leading to decreased fitness and muscle
strength levels in youth [6, 10].

This decrease in fitness and inability to attain the recommended daily physical
activity level recommendations can lead to the Physical Inactivity Triad (PIT),
which is composed of exercise deficit disorder (EDD), low muscle strength/power,
and physical illiteracy [8]. EDD is the medical condition of having a low level of
physical activity (i.e., not meeting the current recommendations) [7, 10]. Physical
illiteracy describes limited body knowledge and confidence with movement [8]. PIT
leads to low fitness levels, limited (or no) participation in physical pursuits, and
injury (when activity occurs) [8].

The worry about youth physical inactivity continues over their lifetime. Although
it would be hopeful to think that adults, regardless of activity history, will achieve
their recommended levels of physical activity daily, we know this is not the case.
Physical activity behaviors from childhood tend to progress into adulthood [10].

As noted earlier, there is an increased risk of injury in those with low physical
activity, especially if they have received no education to improve their fundamental
movement skills. Overweight and obese youth tend to be less active kids. Although
there may be an association with increased body fat in infancy (and potential devel-
opmental delay), these children lose interest in and the ability to participate in phys-
ical activity (if they already had the fundamental movement skills), leading them to
evolve into less active adults [7]. Sustaining an injury then makes physical activity
even less likely, creating a cycle of inability and unwillingness to participate and
leading to excess weight and its negative health effects [10]. Compared to normal-
weight children, the injury rate in overweight and obese youth is two times higher
in sports and with general physical activity, due to a variety of factors, including
decreased strength, low motor and postural control, and low tolerance for fatigue [6].
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How can we help our inactive youth? It is important to reach youth early in their
lifetime, so as to avoid the cycle of continued inactivity and the effects of physical
inactivity lasting into adulthood [8]. We need to address their motor skill develop-
ment and gross motor strength development before increasing their general physical
activity levels to avoid injury, as well as discomfort and embarrassment [6]. We
need to focus on improving their physical literacy by increasing opportunities for
youth to improve their physical activity with fun activities [7]. Structured programs
that target all children at risk (i.e., children not meeting physical activity recom-
mendations, not just overweight/obese children) and work to improve physical lit-
eracy and fundamental movement skills, while being developmentally appropriate,
should be easily accessible [8]. It is important that sports skill development be con-
sidered important for all youth [5].

Resistance training improves general fitness and neuromuscular health, leading
to a stronger youth with better fundamental movement skills (ex. running, kicking,
balance) and decreased risk of acute and overuse injury [2, 9]. Resistance training
can be used as a way to introduce those fundamental movement skills [9] and can
improve body confidence and well-being [2, 9]. Young girls, who have an increased
risk of injury (particularly minority females), would benefit from focused training
[9]. Those with fundamental movement skills tend to continue a lifetime of physical
activity, including sports participation [9]. With a 68% decreased injury risk associ-
ated with resistance training, females seem to benefit from resistance training more
than males [9].

We can also consider integrative neuromuscular training (or the like) for all chil-
dren, as they develop fundamental movement skills, including in the off season for
those in sports [3, 6]. Integrative Neuromuscular Training (INT), training designed
to support the attainment of general motor and sport-specific skills in a developmen-
tally appropriate manner [3, 6, 7], could be useful as part of a PE program or as a
component of sports training or off-season conditioning. Overweight and obese
children who participate in INT (or the like) have a decreased injury rate [6]. INT
and resistance training can often serve as an easy/early win for overweight/obese
youth [6], augmenting their body confidence. INT, with its simple moves and lim-
ited time requirement, can also help kids get past some of the barriers of limited
skills and physical illiteracy [10].

Increasing physical activity opportunities for and levels in our youth requires all
who interact with kids to be involved [8]. Healthcare providers should ask about
play history and exercise habits and treat appropriately, if the child is not meeting
guidelines [7]. Medical providers need to be able to seek payment for diagnosing
and treating EDD [10]. We must connect medical providers to appropriately trained
pediatric exercise specialists, who can design and implement a program to resolve
the EDD for the child and family [7, 10]. These specialists will likely need better
and more extensive training in this area [10]. Parents need to serve as physically
active role models [7]. Schools and after school programs should offer quality pro-
gramming that is developmentally appropriate and progressive [7].
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How Can We Help Both Groups, Our Specializers and Our
Low Movers?

We need to incorporate principles that focus on appropriate youth athlete and physi-
cal activity development. Everyone benefits from a baseline of fundamental move-
ment skills, regardless of purpose, be it for fun or competition [9]. A program should
be adapted to the needs of the youth, be enjoyable, and aim to develop those basic
skills over time [35, 6], ensuring both motor competency and strength [5]. Regardless
of apparent or lack of early ability, we should be open to all youth achieving higher
levels of skills [S5]. We should avoid a strict focus on training volume (ex. 10,000-
hour rule) [5] and focus on training quality instead. The general progression of
physical activity programming from child to adolescent should begin with skill
development, move on to sports sampling, and then provide the choice for special-
ization and/or recreational participation [5].

According to current resistance training recommendations, a youth should start
training when able to attend appropriately and maintain good posture and form,
roughly around the age of 6 or 7. Youth would also benefit from the incorporation of
INT in their program. All exercises should be supervised. A typical resistance train-
ing session should include 6-8 exercises of 8—15 reps and 2-3 sets per exercise [2,
9], avoiding maximum weight reps, which are unsafe for the growth plates (just like
powerlifting) [2]. There should be no more than 2-3 sessions per week, and they
should not occur on consecutive days [2]. Their training program should include
times for free play [2, 9]. Exercises should include the large muscle groups with
agonists and antagonists addressed in each session [2].

Youth aerobic training recommendations are much less defined. Aerobic activi-
ties should match the youth’s current level of development and ability. The athlete
should select the activity; it is up to the adults to ensure he/she has an appropriate
training program, environment, equipment, and technique to participate safely and
as long as he/she so chooses [2]. As such, it is essential to improve the education and
training of those providing these programs at schools [6]. As medical providers, we
can advocate for such youth training programs (PE and sports) for preseason and
in-season training and for general health and wellness [9].

Summary

Regardless of the level of activity, above or below the current recommendations,
youth can sustain acute and chronic sports injuries. As these injuries can lead to
attrition from sports and to the consequences of physical inactivity and overweight/
obesity, we need to advocate for appropriate youth physical activity programming
that is designed to support the child’s development, physically, psychologically, and
mentally. Successful youth physical activity development will be evident with a
sustained progression to continued, healthy physical activity in adulthood.
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Chapter 32
Community Outreach — Education

Kyle Yost

Sports medicine and primary care providers have many roles and responsibilities.
These may include educating the public on preventative health issues and taking
care of athletes both on and off the field. Additionally, providers strive to contribute
to the communities they serve through community outreach. As this outreach has
proven difficult for providers, The American Academy of Pediatrics (AAP),
American Academy of Family Physicians (AAFP), and other medical academies
have called for more community involvement among physicians. Although the
Accreditation Council for Graduate Medical Education has required physicians-in-
training to be involved in community health and education for several years, the
number of physicians engaging in community health has declined. In a study per-
formed by Minkovitz et al., only 39.9% of pediatricians were involved in commu-
nity health in 2010 compared to 45.1% in 2004 [1]. In 2010, fewer physicians
reported formal training at any time, but more reported training in residency, lead-
ing researchers to conclude that, with more formal training, physicians are more
likely to engage in the community outreach [1].

A big challenge many providers face, in regard to community outreach, is how to
incorporate this into their practice. Another challenge is how to assess the needs of
the individual patient, as well as those of the community [2]. One way is to develop
a more comprehensive screening protocol that includes a more extensive social his-
tory. The Institute of Medicine recommends implementing the 12 “psychosocial
vital signs”: alcohol, tobacco use and exposure, race and ethnicity, residential
address, depression, education, census-tract median income, financial resource
strain, intimate partner violence, physical activity, stress, social connections and
social isolation [3]. These “vital” signs allow physicians to get a better understand-
ing of the essential factors affecting their patients’ health.
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Community data, such as economy, demography, and epidemiology, are tools to
aid a provider’s understanding of the physical and social barriers their patients
endure [4]. Knowing this information will supply a primary care provider with the
knowledge to treat his/her patients in the environment in which they live [5]. This
makes it easier for providers to engage their patients in the community and provide
optimal care.

Most children spend the majority of their day outside the home at school pro-
grams, childcare facilities, community recreational centers, etc. Providers can uti-
lize these resources to impact their patients. A provider can become involved with a
local school to integrate care. Providing care at a school-based clinic enhances
access to care by limiting the need for transportation [6]. This also gives the pro-
vider an opportunity to see the children interact in their social environment and
links children to a medical home [7].

In order to provide better care for patients, providers need to be comfortable with
an interdisciplinary team approach. Primary care providers are the point guard for
the medical team of their patients. They coordinate care between themselves and
other specialists, such as Social Work, Nutrition, Psychiatry, etc. The primary care
provider will direct care with specialists, the patient, and their loved ones, to pro-
mote maximal health outcomes [8].

Another way a provider can engage in community education is during the pre-
participation physical evaluation (PPE). Consensus guidelines recommend the PPE
be performed yearly in the primary care provider’s office [9]. Local regulatory agen-
cies may require different intervals for the exam. In general, PPEs are necessary for
all new athletes and at least every other year for returning athletes. A PPE should be
performed 6 weeks ahead of the start of the season, which would allow time for
potential follow-up tests and other specialist visits before the season starts. A PPE
should consist of a comprehensive history and physical exam. The history should
include questions about personal health history, such as elevated blood pressure,
exertional dyspnea, chest pain, prior history of an arrhythmia, prior cardiac prob-
lems, syncope or near syncope, asthma or exertional bronchospasm, concussion,
spinal injuries, stingers, hematologic disorders, absence or loss of a paired organ (or
its function), musculoskeletal injuries, and heat illness; and a family history of sud-
den cardiac death less than 50 years old, disability from heart disease in a family
member less than 50 years old, relatives with known cardiac conditions (ex. hyper-
trophic cardiomyopathy, dilated cardiomyopathy, Marfans disease, long QT syn-
drome, or other arrhythmias). If the athlete is female, the history should include
questions about her menstrual cycle: has she ever had a menstrual period; how old
was she, when she had her first menstrual period; and how many periods has she had
in past year. Providers can also take this time to ask more sensitive questions about
alcohol, drug, and supplement use; concern for anxiety or depression; stress at
school or at home; and risk-taking behaviors. The physical exam should consist of
blood pressure measurement, visual acuity assessment, auscultation of heart and
lungs, palpation of radial and femoral pulses, and a focused orthopedic exam,
including a duck walk and other functional maneuvers. Auscultation of the heart
should be performed dynamically with the patient standing, as well as lying supine
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and performing a Valsalva maneuver [9]. The updated, standard PPE forms can be
found at https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/
Pages/PPE.aspx.

Sports medicine providers also have a great opportunity to educate the commu-
nity by working with a sports team. The athletic environment is often less threaten-
ing than the medical office, which allows the physician to develop relationships
with and gain the trust of the athletes. With this trust, an athlete is more likely to be
engaged and willing to participate in educational programs. The pre-season is an
optimal time for the team physician to have meetings with players and their families
[10]. The educational sessions can be on a plethora of topics from mental health,
sexual health, injury prevention, nutrition, banned substances, etc. Other opportuni-
ties for education may arise during athlete follow-ups with the clinician.

One other way to get providers involved in communities is at the base of a medi-
cal provider education: school. Once community engagement is part of the curricu-
lum, just like Pathology, this will provide clinicians with a foundation, upon which
they can build from school to training and beyond. Additional community outreach
requirements in training programs would give learners better access to providers,
who are regularly engaged in community outreach and who can serve as a mentor.
This could result in increased numbers of community-based providers, programs,
and resources, which could have a demonstrable effect on community health out-
comes [11, 12].

Providers can also have a role as advocates for their community. One way is
becoming a state legislative contact. This will allow a provider to develop connec-
tions outside the community and stay involved and make an impact on a broader
level [13]. Another way a provider can be an advocate is by public speaking, helping
to raise awareness about health issues affecting the community. When the commu-
nity understands more about the issue, they can participate in its prevention and
eradication. Another powerful method of advocacy is writing and publishing (ex.
op-ed articles). Various forms of publication can help raise public awareness and
contribute to community engagement and change for the better. Being an advocate
for your community is a vital aspect of being involved in your community.

Providers have multiple ways in which they can engage their community and
impact their patients’ health. By implementing the above concepts, medical caregiv-
ers can get closer to achieving the aim of a healthier population in their community.
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Diffusion-weighted imaging, 32
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Doppler findings, 33
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Exercise deficit disorder (EDD), 286, 287
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knee, 220
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surgical stabilization procedures, 221
trauma, 219
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tendon attachment site, 82
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Ganglion cysts, IPFP, 129

Garrick’s Test, 147, 148

Gastrocnemii myotendinous injuries, 173
Gastrocnemius injury, 171-175, 197
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management, 163
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prevention strategy, 166
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rehabilitation, 163
risk factors, 160
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in sports, 157
subacute phase, 164
Hemophilia, 33
Heterotopic ossification, 115, 116
Hip abductor muscle, 234, 235, 237
Hoffa’s disease, 128
Hofta’s fat pad, see Infrapatellar fat pad (IPFP)
Hoffa’s test, 128
Hypoplastic lateral tibial spine, 270

I

Idiopathic knee pain, see Patellofemoral pain
syndrome (PFPS)

Iliotibial band (ITB) syndrome, 233-239

Inferior patella (kneecap), 103

Inflammatory and neoplastic diseases, 129

Inflammatory arthritis, 32
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conservative treatment, 129, 130
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imaging, 128
innervation, 126
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open arthrotomy and excision, 129
palpable lump, 129
pathologic conditions, 127
pediatric malignant tumors, 129
physical examination of athlete, 128
role of, 125
vascularization of, 127
in young women, 127
Injury patterns
acute, 1
contusion, 3
fracture patterns, 3
sprains, 2
strain, 2, 3
age and skeletal maturity, 3
chronic, 1
repetitive compression, 5
shear, 5
tension/traction, 4, 5
Intra-articular crepitus, 10
Intramedullary bone edema, 30
Ipsilateral and contralateral ACL injuries in
pediatric patients, 98
Ischial tuberosity, 161, 163
Isolated patella contusion, 54

J

Joint effusion, 1, 33

Joint fluid analysis, 35

Joint swelling, 10

Jumper’s knee, 103

Juvenile idiopathic arthritis (JIA), 31,
33, 34,192

Juvenile osteochondritis dissecans, 279

K
Kids with patellar sleeve fractures, 70
Knee braces
types, 41
uses, 41
Knee effusion, 276

Knee extensor mechanism, 51
Knee immobilizer, 39
Knee mass, 192, 194
Knee pain
anatomy, knee, 75, 77
characteristics, 7
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diagnosis, 8
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history of, 7
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medical history, 8, 11
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quality and severity, 8
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L

Labeled tendinitis, 103

Lachman and McMurray tests, 56
Lachman maneuver, 166
Lachman test, 19, 99
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Lateral collateral ligament (LCL) injury, 8, 17,

162, 232
classification, 228, 229
dial test, 229
isolated LCL grade I and II tears, 230
medial femoral condyle, 231
non-surgical treatment, 230
primary static stabilizers, 226
repair and reconstructions, 230
sporting activities, 226
static stability, 225
surgical management, 229
varus stress test, 227, 228
Lateral femoral condyle
(LFC), 233-235, 237
Lateral meniscus, 265
Lateral retinacular release, 81
Lateral tracking, 82
Laxity stress testing of MCL, 199
Ligament and meniscal injuries, 9
Ligament injuries, 2, 17
Ligamentous instability, 10
Lyme disease, 35
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M
Magnetic resonance imaging (MRI) studies,
28, 30-32
Maisonneuve fracture, 218, 220
McMurray test, 22, 269
Mechanical instability, 10
Mechanical locking, 10
Medial and lateral knee pain, 8
Medial collateral ligament (MCL) injury, 8,
17,201, 204
clinical outcomes, 204
contact and noncontact valgus forces, 198
function, 197
functional grading system, 199, 200, 204
incidence, 198
medial knee stability, 197
non-operative management, 202
timeline for return to sport, 202
valgus examination, 199
Medial femoral condyle OCD, 278
Medial gastrocnemius avulsion fracture, 173
Medial head of the gastrocnemius avulsion
injury, 173
Medial meniscus, 265, 270
Medial patellofemoral ligament
(MPFL), 44, 47
Medial plica rubbing on medial femoral
condyle, 78
Medial soft tissue pain, 77
Medical caregivers, 293
Meniscal cartilage, 22
Meniscal injury, 272
Meniscal pathology in children and
adolescents, 266
Meniscal tears, 33, 270
Meniscectomy, 272
Meniscus, 265
Menstrual dysfunction, 34
Metaphyseal fractures, 250
Microfracture surgery, 280
Mild residual prepatellar bursitis, 57
Moderate knee effusion, 99
Muscle contusion, 3
Musculoskeletal pathology, 32
Musculoskeletal system in children, 4
Musculoskeletal ultrasound, 33
Myositis ossificans, 115-117
Myotendinous junction, 3

N
Needle tenotomy, 106
Nerve injury, 219
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Neuromuscular training, 284

Nighttime pain, 11

Noncontact mechanisms, 9

Non-steroid anti-inflammatory drugs
(NSAIDs), 40

Nordic hamstring exercise, 166

Normal meniscus, 266
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Osgood Schlatter’s disease (OSD)
cartilaginous, 87
diagnosis, 88, 89, 91
duration of, 91
epidemiology, 88
extensor mechanism, 87
mechanism of, 88
ortho-biologicals, 90
over-the-counter analgesics, 89
pathology, 87, 88
portable musculoskeletal (MSK)
ultrasound (US) machines, 89
radiographs, 89
rest and activity modification, 89
severity of, 91
skeletally immature athlete, 91
steroid injections, 89
surgical intervention, 89
symptoms, 88
thigh muscles stretching, 89
treatment protocols, 89
Osgood-Schlatter apophysitis, 14
Osteochondral defect (OCD), 91
Osteochondral fragment, 14
Osteochondritis, 88
Osteochondritis dissecans (OCD), 270,
277,281
etiology, 275
risk in, 276
Ottawa knee rule (OKR), 54, 55
Overuse injury, see Sinding-Larsen-Johansson
Syndrome (SLJ)

P
Palpation of intra-articular effusion, 15, 17
Passive and active knee extension and
flexion, 128
Passive motion, 14
Patella alta, 82
Patella contusions
clinical decision rules, 54
conservative treatment, 56
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direct impact traumatic contusions, 52
epidemiological studies, 53, 54
histologic studies, 52
management, 52
non-motor vehicle collisions, 53
trauma, 54
Patella fracture, 53
Patella infera, 82
Patella subchondral bone pain, 77
Patella tendon strap, 41
Patellar dislocation, see Patellar subluxation/
dislocation
Patellar OCD, 277, 278
Patellar sleeve fracture
articular cartilage, 69
open reduction and internal fixation, 71
osteochondral transformation, 69
quadriceps muscle contraction, 70
treatment, 70
Patellar subluxation/dislocation
abnormality, 43
anterior posterior, lateral, and merchant
(sunrise) radiographs, 48
cartilage injuries and early arthrosis, 43
conditions, 49
conservative interventions, 46
hemarthrosis, 43
imaging, 45
incidence of recurrence, 49
in-clinic knee examination, 44
lateral patellar tracking brace, 47
lateral tracking, 47
non-operative interventions that focus on
physical therapy and
rehabilitation, 45
on-field physical examination, 44
patellar effusion, 48
physical therapy and rehabilitation, 45
physician re-evaluation, 45
risk factors, 44
surgical intervention, 46, 49
Patellar tendinitis, 10
Patellar tendon injury, 103, 108
history and physical examination,
children, 105
non-operative management, 105, 106
repetitive forceful contraction, knee, 104
X-ray imaging, 105
Patellofemoral instability, 20, 22
Patellofemoral pain consensus
statement, 78
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Patellofemoral pain syndrome
(PFPS), 8, 10, 44, 83, 84
in adolescents, 78
in adults with osteoarthritis, 78
bracing or taping, 83
causative factors, 78
deformation and intraosseous pressure, 78
generalized or asymmetric patella
overload, 79
intraosseous pressure (stress), 77
mechanism of injury, 79
medical care, 83
medical history, 79
optimal bone healing, 83
patella compressive overload, 78
patella examination, 80
patellofemoral exam, 82
pathological lesion, 83
pathological processes, 81
pathology in fat pad, 78
in pediatric and adolescent patients, 75
physical examination, 80
quadriceps strength, 82
sources of pain, 77
sports with a higher incidence, 79
stress vs. force, 77
theatre sign, 78
treatment, 83
PCL-deficient knee, 20
Pediatric acute knee injuries, 38
Pediatric knee MRI sequences, 29
Pediatric patellar tendinopathy, 104
Pes Anserine Pain Syndrome (PAPS)
and associated pes anserine tendons,
207,211
clinical presentation, 210
diagnosis, 210
genu valgum of the knees, 213
mechanism of injury, 209
nonsteroidal anti-inflammatory drugs, 212
pathophysiology, 208
prevalence, 208
provocative tests, 211
real-time ultrasound evaluation, 214
treatment, 215
valgus deformity, 210
varus deformity, 209
Pes anserinus, 207
Physeal fractures, 3, 26, 242
Physical activity spectrum, 285
Physical inactivity, 286
Physical Inactivity Triad (PIT), 286, 287
Pittsburgh decision rule (PDR), 54, 55
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Platelet-rich plasma (PRP), 106 rehabilitation program, 138
Popliteal cyst, 191-195 sport-specific activities, 138
joint effusion, 191, 195 surgical fixation, 138
inflammation and soft tissues swelling, 192 symptoms, 135
Popliteal tendon rupture, 146, 148, 150 three-phase rehabilitation protocol, 137
Popliteofibular ligament (PFL), 177 traffic accidents and sport/play
Popliteus injury, 151, 152 activities, 134
acute isolated rupture, 154 traumatic vascular damage, 139
attachments and course, 144, 145 weight bearing, 138
blood supply from medial inferior Posterior thigh ecchymosis, 162
genicular branch, 145 Posterolateral corner (PLC) injury, 188
chronic overuse of the muscle tendon anterior cruciate ligament, 178
unit, 146 classification system, 182
direct attachment to the lateral external rotation of the tibia, 178
meniscus, 143 grading, 182
imaging, 148 intraarticular swelling and tenderness, 185
innervation, 145 joint capsule, 177
lateral knee pain, 153 non-operative treatment, 182
operative debridement vs. physical pain-free return to sport, 186
therapy, 154 posterior cruciate ligament, 178
pathologic conditions, 146 surgical intervention, 183
static and dynamic functions, knee, 144 Posterolateral drawer test, 181
tendon courses, 144 Posterolateral knee pain, 152
Popliteus muscle strain and Posterolateral or posteromedial knee in
poplitealtendinopathy, 146, 147 high-velocity sports, 9
Posterior cruciate ligament (PCL) injuries, 8, Pre-participation physical evaluation
19, 20, 140 (PPE), 292
anatomy and biomechanics, 134 Pre-patellar bursitis, 17, 56
anterolateral bundle, 133 Prepatellar soft tissue edema, 57
avulsion fracture in pediatrics, 138 Primary care providers, 292
in boys, 134 Progressive rehabilitation program of the
in children, 134 hamstring, 167
Clancy sign, 135 Protection, Rest, Ice, Compression, and
dial test, 135 Elevation (PRICE), 38
falling off playground equipment, 134 Proximal patellar tendon, 105
femoral sided avulsion of, 137 Proximal tibia fracture, 249, 259, 260
imaging tools, 136 contralateral tibia, 258
intra-articular ligament, 133 ipsilateral proximal fibula, 258
knee effusion, 135 Proximal tibia physis, 249
knee hyperextension on trampolines, 134 Proximal tibial metaphyseal injuries, 253,
management, 137 254,262
mid-substance tears, 134 Proximal tibialphyseal injuries, 37, 250, 254,
open reduction with internal fixation, 138 255,262
pain and guarding, 134 PTF]J instability, types, 218
PCL avulsion fractures, 134 Publication forms, public awareness, 293
plantarflexed position, 135 Puranen-Orava test, 162

posterior drawer test, 135, 136
posterior sag test, 135

posterior translation of the tibia, 133 Q

posteromedial bundle, 133 Quadriceps active test, 136
quadriceps active test, 135, 136 Quadriceps contusions, 114
quadriceps strengthening and hamstring Quadriceps injury, 119

stretching, 137 Quadriceps muscle, 14, 122
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articularsi genus, 112

vastus intermedius, 111

vastus lateralis, 111

vastus medialis, 111
Quadriceps strains, 113, 114
Quadriceps tendinitis, 112
Quadriceps tendon tears, 112, 113

R

Radiographic knee, 27

Radiography, 25, 26

Range of motion, 14

Recreational participation, 288

Rehabilitation programs, 40

Repetitive chronic avulsion injury and tension
injury, 5

Repetitive hyperextension of knee, 127

Resistance training, 287, 288

Rest, Ice, Compression, Elevation and
Stabilization (RICES), 38, 39

Reverse pivot shift test, 181

Rhabdomyolysis, 118, 119

S
Salter—Harris fracture, 3, 242, 258
Saphenous nerve entrapment, 118
Saupe classification of bipartite patella, 52
School-based clinic, 292
Segond fractures, 252, 253, 262
Septic joint, 35
Shearing forces, 5
Shoe removal maneuver, 147, 148
Sinding-Larsen-Johansson syndrome (SLJ), 4,
71,283,284, 287
apophyseal physis, 63
apophysis, 63, 67
cartilaginous injury, 67
growth cartilage, 63
history, 64
patellar tendon counterforce strap, 65, 66
physical activity, 64
quadriceps-heavy activities, 64
radiograph, 65
range of motion, 64
testing, 64, 65
Slipped capital femoral epiphysis (SCFE), 91
Soft tissue contusions, 8
Soft-tissue swelling, 1
Sports medicine, 33
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Sports medicine rehab program, 106

Sports specialization and injury, 283-285

Sprains, 2

Strain, 2, 3

Strain pattern injury management, 173

Stress fractures, 5

Stress testing of ligament, 199

Subchondral bone surface, 275

Subluxing lateral meniscus, 269

Superficial medial collateral ligament
(sMCL), 197

Synovial fluid analysis, 35

T
Tendinitis, 14
Tension injuries, 4, 5
Theory of patella compression, 78
Tibial growth plate fracture, 208
Tibial injury (proximal)
avulsion of the patellar tendon, 250
fracture, 262
fracture patterns, 250
Tibial spine fractures, 250, 252, 253, 255,
257,262
Tibial tubercle fracture, 250-252, 256, 262
Tibial tubercle to trochlear groove (TT-TG)
distance, 82
Tibial tuberosity, 8, 14, 107
Training intensity levels, 284
Traumatic injuries, 7

U

Ultrasound-guided prepatellar bursa
aspiration, 57

Uncomplicated patella contusion, 55

A\

Valgus stress test, 17

Varus stress test, 17, 179
Varus-producing osteotomy, 254
Vastusmedialus obliquus (VMO), 81
Visual analog scale (VAS), 8

Y

Youth aerobic training recommendations, 288

Youth athlete and physical activity
development, 288
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