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Soon after we assumed Editorships of the Medical Radiology Series of 
Springer Nature, one of the first books that was targeted for an updated edi-
tion was Imaging of Orthopedic Sports Injuries, edited by Professors Filip 
Vanhoenacker, Mario Maas and Jan Gielen. When approached, lead editor 
Professor Vanhoenacker readily agreed to take on this task and after a period 
of planning, commenced on the project which took about 1 year to complete. 
This is a very efficient turnaround time by any standard, let alone for a monu-
mental project such as this.

Following on the outstanding success of the original book published in 
2007, Professors Vanhoenacker, Maas and Gielen have once again put 
together this truly excellent second edition. The new book has not only 
expanded in terms of additional chapters but also contains much new content 
that reflects the continued growth and updated knowledge of imaging and 
imaging-guided intervention of sports injuries. The authorship list of this 
book can be regarded a “Who’s who” of musculoskeletal radiologists in 
Europe, with the exception of one chapter authored from Singapore and 
Australia!

It gives both of us great personal pleasure to be able to congratulate Filip 
for successfully overseeing the second edition of this book. Wilfred has 
known Filip for about 20 years, having been involved together as faculty in 
many annual congresses in Europe and North America organised by the 
European Society of Skeletal Radiology (ESSR) and the International 
Skeletal Society (ISS). Being fellow musculoskeletal radiologists with a 
strong sense of academic obligation, both have also contributed substantially 
to congresses and teaching programmes held in Asia under the auspices of the 
Asian Musculoskeletal Society, an organisation in which Wilfred served as 
the Founding President, as well as the ISS regional outreach programmes and 
meetings of other regional and national radiological societies in Asia. Wilfred 
and Filip have, more importantly, become firm friends over these many years.

Paul and Filip go back even further, having known each other since the 
beginning of their professional careers as radiologists in Belgium. Their pro-
fessional collaboration has expanded far beyond the local and national level, 
onto the international and European arena. Throughout the years, both have 
collaborated on many projects, courses and meetings organised by the 
European Society of Radiology (ESR), the ESSR and the European Society 
of Neuroradiology (ESNR). Through serendipity, it so happened that in the 
year 2017, Filip was President of the ESSR while Paul was President of the 
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ESR, and this happy coincidence further enhanced their collaboration on 
many projects. Importantly, their collaboration on scientific projects has 
grown into a long-lasting friendship spanning several decades and built on a 
foundation of respect and mutual understanding.

Over the recent two decades or so, imaging has become increasingly 
important in the diagnosis, management, therapy guidance, and follow-up of 
patients with sports injuries. Healthcare professionals, and in particular 
orthopaedic surgeons, are increasingly reliant on imaging data to make clini-
cal decisions. New developments in imaging technology have greatly 
advanced our insights into the pathophysiology of sports injuries. This prog-
ress has created not only new opportunities for radiologists and nuclear medi-
cine physicians but also new challenges. We must learn to understand and 
speak the language of our clinical colleagues, and we need to acquire clinical 
background knowledge about mechanisms of injury and repair and about 
their pathophysiology. Together with orthopaedic surgeons, specialists in 
physical medicine and rehabilitation, physical therapists and many other 
healthcare professionals, radiologists and nuclear medicine physicians are an 
essential part of the multidisciplinary team that makes evidence-based deci-
sions in patients with sports injuries. This book provides a comprehensive 
overview of the subject and shall prove to be equally useful to both imaging 
professionals and referring clinicians.

The second edition of Imaging of Orthopedic Sports Injuries is therefore 
very timely. We have no doubt that this book will be most successful and 
sought after as a “must-read” by everyone with an interest in and wishing to 
learn more about imaging of musculoskeletal sports injuries.

July 2020 Wilfred C. G. Peh
Department of Diagnostic Radiology

Khoo Teck Puat Hospital
Singapore, Singapore

Yong Loo Lin School of Medicine
National University of Singapore

Singapore, Singapore

Paul M. Parizel
Royal Perth Hospital &  

University of Western Australia
Perth, Australia
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Today more than ever, sports activities are no longer the privilege of competi-
tive and professional athletes or the “select happy few”, but almost all sports 
disciplines are accessible to a large population in all age groups.

The sporting population is vulnerable to musculoskeletal lesions due to 
either acute trauma or overuse. It was already underscored in the first edition 
of this book that imaging of these patients plays an important role in diagno-
sis, grading, defining appropriate treatment regime, and follow-up.

Since the first edition in 2007, imaging techniques have been further 
refined, indications have expanded, and new insights in pathogenesis and 
imaging of musculoskeletal sports trauma evolved tremendously.

Therefore, we are very grateful that the series editors of Medical Radiology 
(Springer) professor Wilfred Peh and professor Paul Parizel entrusted us with 
the task to update our work.

Ultrasound is generally accepted as the “working horse” for the evaluation 
of trauma of the ligaments, tendons and muscles, particularly for dynamic 
evaluation of these structures. The overall availability of MRI has increased, 
and the technique is now a mature and indispensable diagnostic tool for the 
evaluation of internal joint derangement in every sports clinic.

Although CT is generally replaced by MRI, (Cone Beam) CT may be very 
useful for the diagnosis of occult fractures of (small) bones and is particularly 
important in the evaluation of maxillofacial sports trauma, where it com-
pletely replaced plain radiography.

Compared to the previous edition, the general structure of this book has 
been maintained, with a general part on basic sciences and general imaging 
principles, followed by an extensive topographic discussion of musculoskel-
etal sports injuries and lastly some special addenda.

The text of the book has been largely updated, and many new state-of-the- 
art images were added. We included new chapters on imaging-guided inter-
vention of sports injuries and postoperative joint imaging in the sportive 
patient.

Furthermore, we dedicated one chapter to imaging of soccer injuries, as 
one of the most popular sports worldwide.

We are very grateful to all contributing authors, being internationally 
renowned experts in musculoskeletal imaging, for their willingness to deliver 
outstanding contributions.

Preface to the Second Edition
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Finally—on behalf of my co-editors—I would like to express our special 
thanks to Springer for giving us the opportunity to edit the second edition of 
this book.

We hope that this work will be helpful in the daily practice of general and 
musculoskeletal radiologists and everyone else involved in sports medicine 
and we hope you enjoy reading it.

Antwerp, Belgium Filip M. Vanhoenacker 
July 2020
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 Endorsement on Behalf of the European Society 
of Musculoskeletal Radiology (ESSR)

Musculoskeletal (MSK) injuries occurring from sports play today an impor-
tant role in the diagnosis and treatment of MSK disorders. Recent advances 
in imaging have greatly aided the diagnosis and treatment decision-making in 
patients with sports injuries. Imaging can be used to make diagnoses, define 
prognoses, influence treatment plans, or to preoperatively assess the severity 
of known pathology, and follow-up recovery of the injury. Let us simplify: 
imaging of sports injuries is challenging, interesting, and evolving. The use 
of imaging and its various modalities depends on the clinical information and 
availability of those modalities. The goal of musculoskeletal imaging is to 
provide as much information as possible to allow timely and appropriate 
patient care. The musculoskeletal radiologist plays a pivotal role and has a 
strong tool in hands to start managing sports injuries. A strong tool primarily 
assumes knowledge: Knowledge about body anatomy, pathophysiology, 
mechanism of injury, injuries pattern, advances and limitation of different 
imaging modalities as well as typical injuries for any specific sport. The aim 
of the European Society of Musculoskeletal Radiology and its Sports 
Subcommittee is to encourage the advancement of knowledge. Therefore, the 
publication of this book, Imaging of Orthopedic Sports Injuries, is an impor-
tant highlight for the radiological profession and for all those involved in 
sports injuries management.

All parts of the book offer an invaluable wealth of fundamental insights 
and new achievements in sports injuries imaging.

The first part of the book contains information on relevant basic science 
and general imaging principles in sports traumatology. The second part com-
prises a topographic discussion of sports injuries and elaborates the merit of 
different imaging techniques and different clinical problems focused on a 
specific location. In the third part, monitoring and follow-up of sports injuries 
and their repair by imaging are discussed. The fourth part leads through 
imaging-guided intervention procedures and postoperative imaging of sports 
injuries.

Introduction
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This well-illustrated book will be of value for musculoskeletal radiolo-
gists, but it also represents valuable educational material that will improve 
and facilitate everyday work of orthopaedic surgeons, sports physicians, and 
everyone else involved in sports medicine.

Igor Boric
St. Catharine Specialty Hospital

Zagreb, Croatia
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Abstract
In this chapter the role of musculoskeletal 
radiology in the diagnosis and management of 
sports injuries is discussed. The use of imag-
ing techniques is an important tool for the 
sports physician to establish the correct diag-
nosis and to choose the appropriate treatment 
procedures. In addition, imaging techniques 
can be useful for the evaluation and monitor-
ing of the healing process and the early identi-
fication of complications.

Good communication between the radiolo-
gist and the sports physician is essential. The 
information the sports physician provides to 
the radiologist regarding the history of injury, 
athlete’s training program, and physical exam-
ination will help the radiologist choose the 
correct imaging technique. The sports physi-
cian should also share his/her knowledge of 
the special demands of the sport involved and 
the effects that this has on the musculoskeletal 
system of the athlete.

The radiologist should have a subspecial-
ization in musculoskeletal radiology, prefera-
bly sports radiology. The department should 
be flexible enough to examine an athlete within 
24 h to 5 days, if warranted. Detailed feedback 
from the radiologist to the sports physician 
will help the latter to make the correct inter-
pretation of any abnormalities and direct him/
her towards the appropriate form of treatment.

There is a risk of over-imaging, including 
finding nonsignificant abnormalities, imaging 

B. M. Pluim (*) 
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findings with no direct relation with clinical 
symptoms or different reports. The travelling 
athlete is an extra challenge, which can be 
reduced by having the athlete carry their own 
files, having an electronic database or sending 
the information electronically.

It is only as a result of teamwork between 
the sports physician and the radiologist that an 
optimal outcome can be achieved.

1  Introduction

Musculoskeletal (MSK) radiology has grown 
rapidly as an imaging subspecialty in the past 
years. Especially the improvement in magnetic 
resonance imaging (MRI) and ultrasonography 
has resulted in enhanced imaging of MSK struc-
tures, and led to a more important role for radi-
ologists in the diagnosis and management of 
sports injuries (Coris et al. 2009).

The new technologies in ultrasound, multide-
tector computed tomography (CT), and MRI 
have made it possible to detect subtle findings, 
including muscle injury, stress reactions of the 
bones, tendinosis, and early stages of bone mar-
row edema (Hynes et  al. 2018). Detection of 
early abnormalities has enabled further research 
in the prevention of tendon ruptures, osteoarthri-
tis, and fractures of bone and has improved clini-
cal management. An accurate diagnosis can often 
be made based on a history and physical exami-
nation alone but imaging techniques can be very 
helpful to confirm the clinical suspicion or if 
there is doubt about the diagnosis in trauma and 
overuse injuries. Imaging may be useful to refine 
the differential diagnosis. In addition, imaging is 
frequently used to determine the prognosis in 
elite professional athletes, but plays an increas-
ingly important role in amateur sport at all levels 
and ages as well. Furthermore, imaging services 
are now provided at many sporting events and 
venues and not only in the traditional clinic/hos-
pital setting.

In patients who do not respond to conservative 
management, imaging can be especially useful to 
acquire a better understanding of the extent of the 
lesion. However, over-imaging can cause prob-

lems in high-level athletes, who have easy access 
to imaging modalities when travelling abroad. 
This is particularly so when there is lack of com-
munication between the various treating physi-
cians and when an understanding of the 
mechanism of injury is essential in order to estab-
lish the correct diagnosis.

Sports medical care is a team effort in which a 
diversity of medical professionals from a variety 
of disciplines are involved, especially at elite 
level. The sport radiologist is an important part of 
the team, working in close collaboration with the 
sports medicine physician.

This chapter will review a number of situa-
tions, where good communication between the 
radiologist and sports physician can result in the 
correct choice of imaging technique and a greater 
chance of establishing the correct diagnosis. The 
specific demands that elite athletes and sports 
physicians may place on the radiologist and the 
radiology department are also discussed.

2  Role of Imaging

It should be noted that the patient population of 
the sports physician differs slightly from the nor-
mal population. In general, athletes tend to be 
highly motivated and are keen to resume sport as 
soon as possible. The majority of their injuries 
are caused by training overload; yet, they find it 
very difficult to reduce this load. There is always 
another match, another race, another goal to 
achieve. In a situation where a “normal” patient 
may be content to give his/her ankle sprain or 
stress fracture the required 3–6 weeks rest, an 
athlete will want to know if she or he can partici-
pate in next week’s tournament. When working 
with athletes, there is always time pressure.

This is where imaging can play an important 
role for both the sports physician and the athlete. 
Firstly, by specifying the diagnosis and the extent 
of injury, imaging can be conducive to a more 
tailor-made choice of treatment and return to 
play. Secondly, it is often very helpful to provide 
the athlete with visual evidence that a significant 
injury is present (e.g., stress fracture, muscle rup-
ture, or meniscal lesion) and thereby convince 
him/her that rest is indeed essential. Hopefully, 
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this will also obviate the inclination of the athlete 
to get multiple opinions (“medical shopping”). 
Lastly, it may clarify if surgery is necessary. In 
cases where conservative management is indi-
cated, imaging may also help determine the 
appropriate form of treatment, e.g., if calcifica-
tions are present, use of needle aspiration of cal-
cium deposits may be indicated (Oudelaar et al. 
2016). Despite the fact that corticosteroid injec-
tions are used less and less in sports medicine, 
there are still instances when this type of treat-
ment is indicated and imaging can help in this 
choice, e.g., a tenosynovitis (trigger finger), gan-
glion cyst, or bursitis. Imaging (ultrasound) 
guided injections are increasingly used and are 
more accurate compared to blind injections 
(Daniels et al. 2018; Evers et al. 2017).

3  What Is Expected 
from the Radiologist?

When dealing with elite athletes, there are certain 
aspects that differentiate the general radiologist 
from the “sports” radiologist.

 1. Subspecialization in musculoskeletal and 
preferably sports radiology with interest in 
sports and “feel” for the athlete. It is very 
important that the radiologist has an interest 
in sports and is able to place himself in the 
position of the athlete. For athletes, minor 
injuries can cause great distress and hamper 
the athlete in his or her training (e.g., a minor 
muscle strain in a long-distance runner). The 
radiologist has to be aware of this fact and 
needs to look for minor abnormalities that 
may have no clinical significance in a nonath-
letic patient. The sports-radiologist has to 
have knowledge of sports specific pathology, 
clinical irrelevant sports findings, and ana-
tomical variations. It is essential that the radi-
ologist is willing to analyze the problem with 
the sports physician and aid in the complex 
process of return to sports involving multiple 
factors, stakeholders, and everlasting time 
constraints.

 2. Interest in the musculoskeletal system. The 
radiologist needs to be knowledgeable about 

the musculoskeletal system, because this is 
where the vast majority of the sporting inju-
ries occur. Musculoskeletal radiology’s role in 
the recent and continued evolution of sports 
medicine is expanding. Radiologists are play-
ing a definite role in the clinical management 
of elite- and non-elite athletes.

 3. Access to a broad network. The radiologist 
does not need to be an expert in every area 
himself, but should have a broad network of 
specialist colleagues who have an interest 
and/or knowledge of sports related problems.

 4. An unbiased interpretation of imaging find-
ings. It is recommended to have two radiolo-
gists interpret the images of elite athletes 
(“double-reading”).

 5. Knowledge and understanding of different 
imaging modalities and image-guided inter-
ventions. Image-guided injections, CT, and 
more often ultrasound are superior over blind- 
injections techniques.

 6. Aid in return-to-play decision-making. It can 
be helpful to show the athlete (and sport phy-
sician) the images, if the setting allows this. 
Educating the athlete may lead to better 
understanding, increase their engagement, 
and improve their compliance.

 7. Speed and accuracy of diagnosis. Of concern 
for both the professional and the amateur ath-
lete. Although anatomical imaging remains 
the mainstay of MSK radiology, significant 
progress has been made in functional and 
molecular imaging as well as in hybrid imag-
ing with an expanding armament of technolo-
gies becoming available or in development.

4  What Is Expected 
from the Radiology 
Department?

 1. The full spectrum of MSK-imaging modali-
ties has to be in the portfolio of the radiology 
department. The department should have an 
MSK radiologist with extensive expertise in 
MSK ultrasound including dynamic and ultra-
sound guided therapy, multidetector CT, MRI/
MR-arthrography, scintigraphy, and knowl-
edge of the latest techniques.

The Clinician’s Point of View
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Rapid advancements are developing in the 
field of imaging of MSK disorders such as 
functional and molecular imaging, rapid 
image acquisition techniques, cartilage map-
ping, 3D imaging, diffusion-weighted imag-
ing, perfusion imaging, diffusion tensor 
imaging, peripheral nerve imaging, kinematic 
CT, artificial intelligence, elastography, ultra-
sound tissue characterization, PET CT, and 
hybrid imaging.

 2. The radiologist needs to work in a team will-
ing to provide 24/7/365 sports radiology care 
when dealing with elite athletes. Since there is 
a lot of time pressure on elite athletes, flexibil-
ity and easy access are important. It is prefer-
able if the department has slots open for elite 
athletes for diagnostics within 24 h to 5 days, 
if required. This is not always necessary, but 
can be essential when the athlete is competing 
in a tournament, or has to travel again within 
a short period of time. Pitch-side and sporting 
events radiology are more often requested, 
contributing to the demand of speed, onsite 
delivery, and image-guided therapies (Hynes 
et al. 2018).

5  What Is Expected 
from the Sports Physician?

 1. To provide detailed information. The sports 
physician has to provide detailed information 
to the radiologist. For example, when refer-
ring an athlete with a high probability of a 
stress fracture, information regarding the 
nature of the activity or sport (e.g., jumping, 
hurdling, plyometrics) and the load on the ath-
lete is very important in establishing the diag-
nosis. A detailed history, including a training 
history, is essential. Most radiologists should 
have a high level of suspicion of a fracture of 
the second metatarsal in military recruits or 
athletes. However, in order to detect high-risk 
or more uncommon stress fractures (such as a 
humeral stress fracture in a tennis player, a 
stress fracture of the lower back in a gymnast, 
or a stress fracture of the hip in a long- distance 
runner), good communication between the 

sports physician and radiologist is essential 
(McKinnis and Ramey 2016). This is particu-
larly important because the sensitivity of plain 
radiographs in the early stages of a stress frac-
ture is very low. In athletes where there is a 
high probability of a stress fracture, a normal 
radiograph should prompt further  investigation 
with other imaging techniques (Kiel and 
Kaiser 2019).

 2. Seek advice before referring. Since the choice 
of the imaging modality depends on the 
expected type of lesion, the sports physician 
should be willing to seek advice from the 
radiologist before referring an athlete. No 
clearer example can be given that the ideal 
imaging technique for examination of the 
shoulder joint (plain radiography, ultrasound, 
MR(-arthrography) or CT(-arthrography), 
bone scan) will differ along with the clinical 
problem (SLAP lesion, (partial) tendon rup-
ture, bursitis, synovitis or fracture) (Beltran 
et al. 2015; Roy et al. 2015, 2016). Previous 
radiology exams can be essential in the inter-
pretation of a radiology exam and form an 
integral part of the interpretation in every 
diagnostic imaging. Whenever possible, a pre-
vious exam should be provided. A central 
archive with easy and direct availability can 
be very helpful, especially in elite athletes.

6  Risks of Over-Imaging

When working with high-level athletes, there 
are certain situations that are less likely to occur 
in the general population or in lower level 
athletes.

 1. No direct relation between clinical symptoms 
and imaging findings. Athletes are often 
tempted to repeat imaging to establish if 
“things are improving.” The diagnosis is 
already established and imaging has already 
been carried out, so repeat studies should only 
be undertaken if symptomatic improvement is 
not taking place. Repeat studies often lead to 
confusion in the mind of the athlete and coach. 
He feels better, he is getting better, but that is 
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not confirmed by MRI, which may cause anx-
iety. Not performing an imaging study would 
have been a better decision for the patient, 
although the hospital finance department 
might not agree. If the diagnosis is already 
known, and the treatment plan has been deter-
mined, and performing an imaging study will 
have no influence on this, imaging is not 
necessary.

 2. Nonsignificant abnormalities. Asymptomatic 
athletes may have abnormalities on plain 
radiographs, CT-scan, or MRI, but which have 
no clinical significance (Johansson et  al. 
2015). It is important to make this very clear 
to the athlete, in order not to disturb their pos-
itive body image.

 3. Different reports. There is also the risk that 
serial imaging will produce slightly different 
reports. Again, this may have no clinical sig-
nificance, but it is important to explain this 
clearly to the athlete and his/her coach. 
Ultrasound or MRI reports are not always 
black and white, so if the reporting radiologist 
focuses on slightly different areas than the 
previous radiologist, this may lead to a con-
fused athlete. For example, when examining a 
shoulder with ultrasound, there may be a 
thickening of the supraspinatus tendon, some 
fluid in the bursa, and small calcifications 
present. If the (nonsignificant) calcifications 
were not mentioned the first time, this may put 
doubt in the athlete’s mind that the injury is 
getting worse instead of better. The same may 
happen with an MRI of the lower back after a 
herniated disc. Clinical symptoms do not 
always coincide with MRI images, and one 
clinician may call the herniation “small,” 
whereas the next report may mention a “sig-
nificant” herniation. It is always recommended 
that previous imaging and reports are avail-
able when repeat imaging is being carried out.

7  The Travelling Athlete

An extra challenge may be encountered when 
dealing with elite athletes who are travelling reg-
ularly, or have just returned from travelling. Their 

documentation may be incomplete and the ath-
lete may not know or remember whether they had 
a partial medial or lateral meniscectomy. Even 
the referring sports physician may not know the 
answer and this can make it very difficult for the 
radiologist who has to perform an MRI because 
of residual or recurrent symptoms.

This problem has been recognized at the inter-
national level, but has not yet led to a unified 
approach. Three options are currently available to 
tackle this problem:

 1. The athlete carries his own medical files and 
takes them with him/her when they visit a 
doctor. This requires the athlete to be efficient 
and carry the medical information at all times.

 2. The injuries are registered in an electronic 
database that is hosted by the (inter)national 
federation of the athlete’s sport. The data need 
to be stored in a highly secure environment, 
whereby access is carefully controlled to 
ensure that data is available to relevant parties 
only.

 3. The information is sent from the previous 
doctor to the current doctor electronically. 
This requires that the name of the previous 
doctor and hospital are known, that they can 
be traced, and that they are able to send this 
information very quickly.

In addition, there is sometimes a travelling 
sports physician accompanying elite athletes. It is 
therefore desirable that a medical database, 
including imaging files, can be accessed by health 
care professionals wherever an athlete may be 
competing in the world. This would ensure that 
other medical specialists could have access to the 
athlete’s complete medical history, regardless of 
location.

8  Conclusions

The use of imaging techniques is an important 
tool for the sports physician in establishing the 
correct diagnosis and choosing the appropriate 
treatment procedures. In addition, imaging 
techniques can be useful for the evaluation and 

The Clinician’s Point of View
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monitoring of the healing process and the early 
identification of complications.

Good communication between the radiologist 
and the sports physician is essential. The infor-
mation the sports physician provides to the radi-
ologist regarding the history of injury, athlete’s 
training program, and physical examination will 
help the radiologist choose the correct imaging 
technique. The sports physician should also share 
his/her knowledge of the special demands of the 
sport involved and the effects that this has on the 
musculoskeletal system of the athlete.

The radiologist should have an interest in 
sports and be willing to invest some extra time 
with the athlete for a detailed history and to com-
municate with the referring sports physician. The 
department should be flexible enough to examine 
athlete within 24  h to 5  days, if warranted. 
Detailed feedback from the radiologist to the 
sports physician will help the latter to make the 
correct interpretation of any abnormalities and 
direct him/her towards the appropriate form of 
treatment.

It is only as a result of teamwork between the 
sports physician and the radiologist that an opti-
mal outcome can be achieved.

Things to Remember

 1. The radiologist should have an interest in 
sports, preferably work in a team with MSK-/
sports radiologists, specific knowledge of 
MSK- and sports radiology and availability of 
the necessary broad spectrum of imaging 
techniques and state-of-the-art equipment and 
be willing to invest extra time with the athlete 
for a detailed history and to communicate 
with the referring sports physician.

 2. The use of imaging techniques is an important 
tool for the sports physician in establishing 
the correct diagnosis and choosing the 

appropriate treatment procedures. It is only as 
a result of teamwork between the sports phy-
sician and the radiologist that an optimal out-
come can be achieved.
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Abstract
In the evaluation of sport injuries, clinical 
findings may be non-specific and radiological 
imaging is often necessary to obtain an accu-
rate diagnosis. This chapter describes the dif-
ferent imaging modalities available to 
evaluate sports injuries (radiography, ultra-
sound (US), computed tomography (CT) and 
magnetic resonance imaging (MRI)) as well 
as technical considerations and indications. 
Radiography is useful as a screening tool for 
bony abnormalities, such as degeneration or 
fractures. (Cone beam) CT can visualise these 
bony abnormalities even better or, combined 
with arthrography, may reveal labral or ten-
don abnormalities. US and MRI are able to 
visualise superficial and deep soft-tissue 
lesions, respectively. The optimal imaging 
pathway should be tailored to the patient and 
depends of the patient, radiologist and 
clinician.
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1  Introduction

In the last decennia, sports medicine has become 
one of the most rapidly growing medical subspe-
cialties (Johnson 2000).

Symptoms and clinical findings in sports inju-
ries are often non-specific or unreliable, for 
example when patients are in too much pain to 
cooperate. Therefore, accurate diagnosis and 
optimal treatment planning are often dependent 
on imaging studies. It is important to realise that 
the “optimal” imaging modality or pathway prob-
ably does not exist and that the choice of imaging 
modality depends on the clinicians’ and radiolo-
gists’ comfort and experience with those modali-
ties, financial costs, availability and invasiveness 
of each technique balanced against the diagnostic 
award. In many cases, the imaging pathway 
should be tailored to the individual patient.

In this chapter, the imaging strategies that can 
be employed to diagnose and grade sports inju-
ries are reviewed, including the role of each 
imaging technique with its specific advantages 
and limitations. The reader will find some practi-
cal guidelines for the evaluation of sports injuries 
that, in our opinion, may be useful in daily clini-
cal practice.

2  Plain Radiography 
and Conventional 
Arthrography

2.1  Plain Radiography

Radiography is often the first imaging modality 
performed for the evaluation of sport injuries and 
is capable of detecting fractures, joint degenera-
tion and/or loose bodies.

Typically, two projections perpendicular to 
each other are sufficient to detect radiographic 
abnormalities. Occasionally, oblique (3/4) views 
may be helpful, e.g. to demonstrate fractures of 
the radial head or for detection of bone spurs in 
anterior ankle impingement. They are—how-
ever—not commonly used in daily clinical prac-

tice and have largely been replaced by 
cross-sectional imaging.

Stress views have additional value, in that they 
may provide indirect evidence of ligamentous 
injury, e.g. weight-bearing radiographs in liga-
mentous Lisfranc injury or stress views of the AC 
joint. However, the value of stress radiographs 
has declined in the previous centuries, as MRI is 
nowadays more and more available to provide 
direct visualisation of ligamentous injury. For 
example, the ACR appropriateness criteria (2017) 
prefer MRI to stress views of the ankle in the 
evaluation of suspected ankle instability (Chang 
et al. 2017). Stress radiographs are also painful or 
even impossible to obtain in the acute setting as 
patients are unable or reluctant to cooperate.

After the initial diagnosis, radiographs are 
essential to evaluate the surgical results: reduc-
tion of dislocations and alignment of displaced 
fracture fragments and position of internal or 
external fixation devices. It can also be useful in 
monitoring progress of fracture healing (callus 
formation) or detecting soft-tissue calcification 
after severe muscle trauma (e.g. myositis 
ossificans).

When complications of the healing process 
occur, such as infection or avascular necrosis, the 
role of plain radiography may be limited and 
other imaging techniques, such as bone scintigra-
phy and/or MRI, may be useful for confirming 
the diagnosis.

The lack of soft-tissue contrast resolution is a 
well-recognised limitation of plain radiography, 
but when present, soft-tissue changes can be used 
as indirect signs of osseous pathology.

2.2  Conventional Arthrography

For decades, conventional arthrography (after 
sterile preparation and injection of intra-articular 
contrast medium) was used for investigating 
intra-articular pathology. This imaging modality 
has now been largely replaced by cross-sectional 
imaging techniques and is only performed as part 
of CT or MR arthrography.

E. De Smet et al.
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3  Ultrasound

Since approximately 30% of sports injuries deal 
with muscle and tendon injuries, ultrasound (US) 
plays a major role in sports traumatology, helping 
the clinician to decide whether the athlete should 
or should not return to training and competition 
(Peterson and Renstrom 1986).

Due to the excellence of spatial resolution and 
definition of muscle structure, US keeps its lead-
ing edge when dealing with muscle pathology, 
both in the initial phase for recognition of a 
lesion, but also for follow-up of lesions and 
search for healing problems such as fibrosis, 
muscle cysts, hernias or myositis ossificans 
(Sconfienza et al. 2018).

Major advantages of US are its low cost, avail-
ability at short notice, ease of examination, short 
examination times, lack of radiation exposure 
and dynamic imaging.

High-frequency (>10  MHz) linear array 
probes are used to perform musculoskeletal US 
examinations. Transverse and longitudinal slices 
are mandatory. US palpation is a very valuable 
tool, trying to find the point of maximal tender-
ness during the examination by a gentle but firm 
compression of the probe on the skin (Peetrons 
2002). Dynamic US study may be very helpful 
for the correct diagnosis, e.g. to search for mus-
cle hernia (during muscle contraction) or to eval-
uate the snapping hip syndrome (during hip 
flexion and lateral rotation). To avoid artefacts or 
pitfalls, comparison with the contralateral side is 
necessary.

The addition of colour-power Doppler imag-
ing to US allows for the non-invasive study of 
blood flow and vascularity within anatomic struc-
tures and lesions. In patients with tendinosis, 
increased vascularity in the tendon may be cor-
related with clinical symptoms (Weiberg et  al. 
1998; Zanetti et al. 2003).

(Sono)elastography (SEL) is a relatively 
recent addition to musculoskeletal ultrasound 
and is based on evaluating tissue deformity, 
which depends on tissue composition and struc-

ture (Shiina et  al. 2002). Inflammatory and 
degenerative processes alter these characteristics 
and can therefore be detected. Several SEL tech-
niques are available (compression elastography, 
shear wave elastography and transient elastogra-
phy), each with specific indications, limitations 
and artefacts. Although the techniques yield 
promising study results, clinical application is 
not yet widely spread due to lack of standardised 
imaging protocols and variable repeatability 
(Baumer et al. 2017).

Furthermore, US provides image guidance 
for interventional procedures such as drainage of 
fluid collections and cysts (Peetrons 2002). 
Recently, US-guided sclerosis of neovascularity 
in painful chronic tendinosis has been described 
as an effective treatment with significant reduc-
tion of pain during activity (Öhberg and 
Alfredson 2002; Lind et  al. 2006; Sconfienza 
et al. 2019a, b, c).

The trade-off for the high-frequency, linear, 
musculoskeletal transducers is their limited 
depth of penetration and the small, static scan 
field. This is a disadvantage if the structure to 
be visualised is large (e.g. large intramuscular 
hematoma) or deeply localised (e.g. hip joint). 
Extended field-of-view ultrasonography 
(EFOVS) overcomes this disadvantage by 
 generating a panoramic image. With this tech-
nique, sequential registration of images along 
a broad examination region and their subse-
quent combination into an image of larger 
dimension and format are obtained (Weng 
et  al. 1997). EFOVS does not add much in 
diagnosis but is, however, easily interpretable 
by the novice and improves cross-specialty 
communication.

For evaluation of deeply localised structures, 
such as the hip joint in an obese patient, cross- 
sectional imaging modalities (mostly MRI) are 
often required.

Other disadvantages of ultrasound include 
operator dependency, selective and often incom-
prehensible documentation and inability to pen-
etrate osseous structures.

Imaging Techniques and Procedures in Sports Injuries
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4  Computed Tomography

4.1  Multi-Detector CT

CT imaging, by virtue of its excellent multiplanar 
capability, fast acquisition time and submillime-
tre spatial resolution due to the development of 
the spiral acquisition mode and current multi- 
detector row technology, is a valuable imaging 
tool for the evaluation of all kinds of sports inju-
ries (Berland and Smith 1998).

It has proved to be an effective method of doc-
umenting injuries particularly in complex bony 
structures such as the wrist and pelvis, and may 
often show post-traumatic changes not shown by 
radiography.

For most musculoskeletal studies, slice thick-
ness is 0.6  mm, reconstructed to 1  mm images 
with an increment of 0.5 mm. The images should 
be assessed using both bone and soft-tissue win-
dow settings.

From the three-dimensional data set, images 
can be reformatted in other planes (2D technique/
multiplanar reconstruction) and used for volume 
rendering (3D technique).

2D reformatting of sagittal and coronal images 
from axial images is helpful in the detection of 
longitudinal fracture lines and can make it easier 
to evaluate horizontal interfaces, such as the ace-
tabular roof.

Volume-rendering techniques provide a 3D 
model of the evaluated structure, which does not 
as much increase the detection rate of fractures 
but does offer a better 3D understanding of the 
image and is often used as a model for preopera-
tive planning by orthopaedic surgeons.

All reconstruction methods offer a more effec-
tive display of complex anatomic and pathologic 
structures. It may be helpful for the assessment of 
comminuted fractures, improving visualisation 
of the fracture’s extent and location, shape and 
position of the fracture fragments and condition 
of articular surfaces.

4.2  Dual-Energy CT

Dual-energy CT (DECT) is a relatively new tech-
nique which is able to provide information on tis-

sue composition. Its best known application is 
the detection of urate depositions in patients with 
gout (Glazebrook et al. 2011; Choi et al. 2012). 
More recently, studies have described the value 
of DECT in the detection of bone marrow 
oedema. This makes DECT a valuable option for 
evaluating bone marrow oedema in post- 
traumatic situation (Pache et  al. 2010; 
Guggenberger et  al. 2012) or in autoimmune 
inflammatory joint disorders (Jans et al. 2018).

Additionally, the technique has the ability to 
reduce beam-hardening artefacts caused by metal 
implants (osteosynthesis of prosthetic material). 
This facilitates detection of periprosthetic fractures, 
(aseptic) loosening, implant failure/fracture or 
infection (Bamberg et al. 2011; Zhou et al. 2011).

4.3  Cone Beam CT

Cone beam CT, although first described in the 
1980s, is a relatively new technique in the muscu-
loskeletal imaging field. In contrast to conventional 
multi-detector CT, in which a fan-shaped beam and 
linear detector are used, CBCT makes use of a 
cone-shaped radiation beam and a flat- panel detec-
tor, which allows image acquisition in only one 
rotation of radiation beam and detector around the 
patient. The advantages of this technique include 
higher spatial resolution, ideally for evaluation of 
small joints (e.g. wrist, hand, foot) and reduction of 
metal artefacts. CBCT has also low radiation doses, 
although very state-of- the-art multi-detector CTs 
have comparable doses. Despite its disadvantages 
(longer scan time and therefore increased sensitiv-
ity to motion artefacts, smaller scan range and loss 
of contrast resolution), it has been proposed as a 
low-dose alternative to multi-detector CT in 
patients with high clinical suspicion of fracture but 
negative findings on standard radiography (De 
Smet et  al. 2015; Vanhoenacker and Desimpel 
2017; Posadzy et al. 2018).

4.4  CT Arthrography

CT arthrography (CTA) is performed by direct 
injection of iodine contrast within the joint 
cavity, using fluoroscopy or ultrasound as 
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guidance (Newberg et al. 1985). The volume of 
contrast medium injected depends on the joint 
examined: shoulder: 10–15  mL; wrist: 5  mL; 
hip: 10  mL; knee: 20  mL; and ankle: 
6–12  mL.  After injection of contrast material, 
patients are asked to perform full-range mobili-
sation of the joint to obtain homogeneous distri-
bution of contrast within the joint. Thereafter, 
anteroposterior, lateral and oblique views are 
obtained to image the entire articular cavity. 
Subsequently, multi- detector CT is performed, 
preferably with multiplanar reconstructions.

The major advantage of CTA is its excellent 
conspicuity of focal cartilage lesions that results 
from the high spatial resolution and the high atten-
uation difference between the cartilage substance 
and the joint contrast filling the lesion. Vande berg 
et al. (2002) found, in a study with spiral CTA of 
cadaver knees, a better correlation for grading 
articular surfaces between macroscopic examina-
tion and spiral CTA than with MR imaging.

Other potential advantages of spiral CTA with 
respect to MR imaging are the short examination 
time, the availability at short notice (short wait-
ing list) and the low sensitivity and limited degree 
of imaging artefacts related to the presence of 
microscopic metallic debris or air which may 
hinder MR imaging studies.

Limitations of CTA include its invasiveness, 
possible allergic reaction, use of ionising radiation 
and poor soft-tissue contrast resolution. Another 
major limitation of CTA imaging of the cartilage 
is its complete insensitivity to alterations of the 
deep layers of the cartilage or on articular sides of 
tendons (e.g. bursal sided rotator cuff tears).

5  Magnetic Resonance 
Imaging

5.1  Field Strength and Imaging 
Planes

The clinical MR imaging protocol will be greatly 
influenced by local preferences, time constraints 
and MR system available (field strength, local 
coil). For an in-depth discussion of the different 
MR imaging protocols, the reader is referred to 
subsequent chapters.

5.1.1  Field Strength
It is generally accepted that high-field-strength 
magnets (3 T or even higher) provide the highest 
quality images, although midfield (1.5  T or 
higher) is more than acceptable in clinical 
routine.

5.1.2  Imaging Planes
Although appropriate selection of imaging planes 
will depend on the location and desired coverage 
of the anatomical region to be examined and the 
pathology to be expected, a complete MR exami-
nation requires images obtained in the axial, cor-
onal and sagittal planes. Of utmost importance is 
to respect the anatomical orthogonal planes since, 
with excessive rotation of a limb, inappropriate 
positioning of imaging planes may result in 
images which are difficult to interpret. Oblique 
planes may also be useful, e.g. in the shoulder 
(paracoronal and parasagittal images).

5.2  MRI Sequences

The number of pulse sequences and combina-
tions (“hybrid techniques”) is almost infinitive 
however in musculoskeletal MR; the most com-
monly used sequences include turbo-spin echo 
(TSE) T1-, T2- and intermediate-weighted 
sequences and gradient echo (GRE) sequences.

TSE sequences are less susceptible to field 
inhomogeneity than SE and GRE sequences. 
Therefore, when metallic artefacts are present, 
such as in post-surgical patients, TSE sequences 
are preferred over GRE.

Intermediate-weighted sequences, such as pro-
ton density sequences, with fat suppression are 
the keystone of MSK imaging. With the correct 
parameters ((TR/TE = 75/30–40 ms), they depict 
anatomical structures in high detail. In addition, 
they are very sensitive to oedema (both bone or 
soft tissue) and therefore valuable in detecting 
pathology. Without fat suppression, the sensitivity 
for pathological fluid decreases, but the sequence 
remains valuable for the detection of meniscal 
and cartilage lesions due to its high resolution.

T1-weighted images excel at providing ana-
tomical detail and are essential in evaluating bone 
marrow.

Imaging Techniques and Procedures in Sports Injuries
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T2-weighted images have a lower resolution 
and are less sensitive in detecting pathology, 
especially without fat suppression. With fat sup-
pression, sensitivity increases but signal-to-noise 
ratio decreases.

GRE sequences are used for the evaluation of 
articular cartilage and for dynamic contrast- 
enhanced imaging. They are also used in a lim-
ited number of T2* protocols (glenoid labrum, 
meniscus of the knee). As mentioned before how-
ever, these sequences are very vulnerable to arte-
facts, which may simulate pathology.

3D sequences could theoretically be used as 
an alternative to multiple 2D sequences and can 
be based on either GRE (FLAS, SPGR, DESS, 
SSPR, FISP) or TSE (SPACE or XETA) 
sequences. The advantage of 3D sequences is 
their thin slice thickness (0.5 mm or less), which 
reduces partial volume artefacts and interslice 
gap (Yao et al. 2007; Van Dyck et al. 2012). The 
major disadvantages include a longer imaging 
time and image blurring (due to the use of long 
echo train lengths) (Naraghi and White 2012). 
This latter may cause difficulties in evaluating 
low-contrast structures, such as menisci, and 
associated lesions (Subhas et  al. 2011; Ristow 
et  al. 2009). Therefore, 2D acquisition is still 
regarded as more reliable than 3D sequences.

Diffusion-weighted imaging (DWI) has not 
(yet) reached the same popularity in the field of 
MSK imaging as it has in the neuroradiology. 
DWI is based on the principle of Brownian 
motion of molecules and the alteration of normal 
diffusion in pathological processes (Huisman 
2010; Chilla et al. 2015).

Diffusion tensor imaging (DTI), the next step 
after DWI, allows quantification of anisotropy in 
tissues to assess its microstructure, for example 
the organisation of muscle fibres (Galban et  al. 
2004; Yanagisawa et  al. 2009; Van Donkelaar 
et al. 1999). Studies have demonstrated that DTI 
is useful in evaluating sports-related muscle injury 
(Froeling et al. 2015; Oudeman et al. 2016); how-
ever further research is warranted to increase its 
applications in routine clinical imaging.

Ultrashort echo time (UTE) sequences have 
been developed for better visualisation of tissues 
with very short transverse relaxation time, such 
as menisci, ligaments and tendons (Chang et al. 

2015). Its value has been established in the evalu-
ation of tendinopathy, alterations in deep carti-
lage layers (which are difficult to differentiate 
from subchondral bone on conventional 
sequences) and bone composition (Bae et  al. 
2010; Horch et  al. 2012; Du et  al. 2013; Chen 
et al. 2015; Liu and Kijowski 2017).

Parametric mapping sequences (T2 and T1ρ) 
are mostly implemented in the assessment of 
hyaline cartilage (Duvvuri et  al. 2001; Akella 
et al. 2001; Dunn et al. 2004; Nishii et al. 2010; 
Zhong et al. 2016), especially in detecting early 
stages of degeneration not yet visible on conven-
tional sequences.

5.3  Fat Suppression

Different fat suppression (FS) techniques are 
available.

In our institution, we prefer the spectral FS 
technique because of its better SNR and spatial 
resolution compared to the inversion recovery fat 
suppression techniques (Fleckenstein et al. 1991), 
unless in the presence of metallic hardware (see 
artefacts).

Dixon sequences have become quite popular 
in the last decennium, providing fat-only, water- 
only, in-phase and out-of-phase images in one 
time. They provide more reliable fat suppression 
than spectral or inversed recovery techniques, due 
to decreased sensitivity to field inhomogeneities.

5.4  Contrast Administration

Contrast-enhanced MR studies lead to a pro-
longed examination time and high costs, and 
therefore the use of intravenous contrast agents is 
not indicated when evaluating a sports lesion. It 
should be reserved for cases in which the results 
would influence patient care (Kransdorf and 
Murphey 2000). Application of intravenous gado-
linium is indicated when dealing with a tumoural 
or pseudotumoural mass (Lunkiewicz et al. 2021) 
to detect neovascularisation and intralesional 
necrosis (which is a major parameter for malig-
nancy), in cases of inflammation or as part of indi-
rect arthrography. For detection of subtle areas of 
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contrast enhancement, we use subtraction images 
(TSE T1-WI with FS after minus TSE T1-WI 
with FS before gadolinium, static MR imaging).

5.5  Artefacts

The musculoskeletal system, especially in the 
extremities, is not influenced by motion, and as 
a consequence motion artefacts are rare. 
Infolding artefacts can be avoided by selecting 
an appropriate imaging matrix, saturating ana-
tomical areas outside the region of interest and 
off-centre imaging. Artefacts due to distortions 
of the local magnetic field are attributable to fer-
romagnetic and, to a lesser degree, nonferro-
magnetic orthopaedic devices. In these cases, 
STIR is preferred to spectral fat suppression 
techniques. The use of surface coils will improve 
the SNR; smaller slice thickness and larger 
matrices are essential for soft-tissue imaging. 
The choice of small “field of view (FOV)” with-
out changing the matrix size will increase the 
spatial resolution. Sometimes, imaging of the 
contralateral side may be useful, requiring a 
larger FOV and the use of a body coil.

5.6  Disadvantages

MRI has the disadvantage of not always being 
well accepted by patients, of being incompatible 
with dynamic manoeuvres and of not always 
being possible in emergency conditions. 
Furthermore, it provides the evaluation of an 
entire anatomical area—bone structures 
included—but is only good for the study of a lim-
ited part of the skeleton. This is in contrast to 
scintigraphy, with which the whole skeleton can 
be evaluated at once. Otherwise, MRI helps to 
elucidate the true nature of highly non-specific 
hotspots on scintigraphy.

5.7  Direct and Indirect 
Arthrography

MR arthrography is a technique which is 
mainly used in the shoulder, wrist, ankle, knee 

and hip joint. Two different techniques are 
described: direct and indirect MR 
arthrography.

5.7.1  Direct Technique
The contrast medium is a 2 mmol/L solution of 
gadolinium in 0.9% NaCl. Eventually 1–5  mL 
1% lidocaine may be added. Fluoroscopy or 
ultrasound is used to bring the needle tip into a 
correct intra-articular position. If using fluoros-
copy, 1–2 mL of 60% non-ionic contrast medium 
is added to the Gd mixture to assure correct nee-
dle position. The amount of the MR contrast 
medium injected depends on the selected joint 
(see CT arthrography). MR imaging (with FS 
TSE T1-WI) is preferably performed within 1 h 
after injection to minimise the absorption of 
contrast solution and the loss of capsular 
distension.

The clinical and radiological importance of 
the direct technique for the assessment of chon-
dral and ligamentous lesions is well established. 
Major disadvantages of the direct technique are 
its invasiveness and insensitivity to lesions that 
lack contact with the joint (e.g. bursal sided rota-
tor cuff tears in the shoulder).

5.7.2  Indirect Technique
Indirect arthrography relies on the intra-articu-
lar/synovial secretion of contrast medium after 
intravenous contrast administration (0.1  mmol 
Gd-DTPA/kg body weight), which causes short-
ening of the relaxation time of the synovial 
fluid. This process starts within minutes after 
the injection and is accelerated by joint move-
ment (exercise). Therefore, patients are 
instructed to move the examined joint for 
10–15  min after contrast administration. MR 
imaging (with FS SE T1-WI) is initiated within 
30 min after injection, when maximal enhance-
ment is reached.

This indirect technique has the advantage of 
not requiring direct access to the joint but lacks 
the advantages of joint distension. Another dis-
advantage of the indirect technique is the 
enhancement of extra-articular structures.

Therefore, direct arthrography is preferred in 
most scenarios, in particular in case of highly 
competitive athletes.

Imaging Techniques and Procedures in Sports Injuries



16

6  General Principles 
and Indications

As a general rule, MRI and US are most accurate 
for grading soft-tissue injuries while bone injury 
can be assessed with conventional radiography, 
CT and MRI. For internal derangements of joints, 
we prefer MRI because of its non-invasive char-
acter. In our institution, CT is used for better 
evaluation of fracture or fracture healing or for 
biometric views (e.g. anteversion femoral neck, 
Q-angle). We recommend that conventional radi-
ography should always be the first diagnostic 
modality performed to depict (associated) skele-
tal or joint abnormalities.

Radiographic assessment of a stress fracture, 
an entity frequently encountered in sports men, 
can be insensitive, especially in the early stage of 
the condition and follow-up films may demon-
strate abnormalities in only 50% (Spitz and 
Newberg 2002). Bone scintigraphy has a high 
sensitivity but low specificity and lacks spatial 
resolution and has been largely superseded by 
MRI, providing excellent sensitivity and specific-
ity, as it can also identify alternative sources of 
pain, such as muscle tears or joint degeneration 
(Anderson and Greenspan 1996). Moreover, MRI 

is useful for follow-up of stress injury, with a 
return of normal bone marrow signal on T2-WI at 
3 months compared to scintigraphy, which may 
show abnormal uptake for up to 10  months 
(Slocum et al. 1997).

Conventional arthrography has now been 
replaced by cross-sectional imaging techniques 
and is only performed as part of CT or MR 
arthrography.

For the diagnosis of muscle and tendon 
lesions, US is considered the best imaging modal-
ity, in the initial phase for recognition of a lesion, 
but also for the assessment of the various changes 
it undergoes until complete healing has been 
achieved. In most cases, MRI adds no additional 
diagnostic information. Well-established indica-
tions for US are summarised in Box 1 (Sconfienza 
et al. 2018).

If plain radiographs and/or US are negative or 
reveal unequivocal findings and clinical symp-
toms persist, MR imaging must be performed.

MR examinations most frequently requested 
are of the knee and shoulder. Well-established 
indications for MRI are summarised in Box 2.

Due to the recent developments in CT technol-
ogy, multi-detector CTA has become a valuable 
alternative to MR imaging for the assessment of 

Box 1 Well-Established Indications for US
Foot/ankle Achilles tendinosis, plantar fasciitis, ligamentous injury
Shoulder Rotator cuff disease, biceps tendon (dynamic evaluation), spinoglenoid cyst
Elbow Common extensor, flexor and triceps brachii tendinosis
Wrist/hand  Tenosynovitis, synovial cyst
Hip/pelvis  Inguinal hernia, snapping hip, bursitis, avulsion injury
Knee Collateral ligaments, patellar and quadriceps tendon, bursitis, meniscal cyst

Box 2 Well-Established Indications for MRI
Foot/ankle  Osteochondral lesion
Shoulder Labral abnormalities, suprascapular nerve entrapment, quadrilateral space syn-

drome, Parsonage-Turner
Elbow  Osteochondral lesion, ligamentous injury, instability
Wrist/hand  Triangular fibro-cartilage complex (TFCC), avascular necrosis (AVN), distal 

radio-ulnar joint (DRUJ)
Hip/pelvis  Pubalgia, adductor strain, labral abnormalities, AVN
Knee  Meniscus, osteochondral lesion, cruciate ligaments, posterolateral corner
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internal derangement of joints and has proved to 
be an accurate technique to detect articular carti-
lage lesions (Edwards et al. 1995). Major draw-
back of spiral CTA, however, is its invasive 
character.

The choice between multi-detector CTA and 
MR imaging for assessment of internal joint 
derangement is offered to the referring clinician, 
depending on the clinical situation. In general, 
children and young patients, patients with allergy 
to iodinated contrast, patients with suspicion of 
ligamentous lesions and patients with recent 
trauma (and haemarthrosis) are imaged with MR 
imaging. Multi-detector CTA is favoured in 
patients with chronic symptoms, suspected carti-
lage lesions or recurrent symptoms after surgery 
(e.g. post-operative meniscus). When MRI is 
contraindicated, bone marrow oedema can be 
detected by dual-energy CT.

7  Optimal Moment 
of Investigation

The ideal time for the US examination of fresh 
traumatic muscle lesions is between 2 and 48 h 
after trauma. Before 2 h, the haematoma is still in 
formation. After 48  h, the haematoma can be 
spread outside of the muscle (Peetrons 2002). 
However, with some muscles, it can stay for 
much longer. It is recommended that for lesions 
in the hamstrings the US examination be done as 
soon as possible after the 2-h delay. For rectus 
femoris and gastrocnemius lesions, the examina-
tion can be postponed as long as 2 or 3 days, or 
even longer sometimes (Brandser et al. 1995).

8  Safety, Availability 
and Economic Aspects

Because all ionising radiation is harmful and 
there is no safe lower threshold of radiation, con-
sideration must be given to the radiation dose to 
the patient when plain radiography or a CT 
examination is requested. Examinations on chil-
dren require an even higher level of justification 
since they are at greater risk from radiation than 
adults. Therefore, when clinically appropriate, 

the alternative use of safer non-ionising tech-
niques (such as ultrasound and MRI) or of low- 
dose radiography/CT techniques must always be 
considered.

The number of sport participants, both ama-
teur and professional athletes, has increased dra-
matically over recent decades. The benefits to 
health are debated but are generally accepted. 
However, more participation has led to more 
sports-related injuries. The increase has been in 
both acute and, even more, overuse injuries 
(Garrick and Requa 2003). Although some 
researchers and policymakers have expressed 
concern about the lack of high-quality evidence 
regarding the cost-effectiveness and efficiency of 
MRI, it was demonstrated that, in most diagnos-
tic categories, MRI findings may have a signifi-
cant impact on diagnosis and treatment planning 
(Hollingworth et al. 2000). For example, several 
studies have documented that MR imaging can 
be an accurate, cost-effective means of assessing 
injuries in the knee, preventing patients from 
undergoing unnecessary arthroscopy (Carmichael 
et al. 1997). Appropriate selection of patients will 
probably yield similar results in other anatomic 
locations. The advancements in MRI technology 
may expand the range of usefulness of this 
modality, leading to even greater utilisation of 
MR imaging in patients with sports injuries, and, 
eventually, to reduced costs and greater 
availability.

9  Conclusion

The diagnosis of sports injuries can be difficult 
owing to the degree of overlap of symptoms 
between different injuries, necessitating further 
imaging evaluation. Different imaging techniques, 
with their specific advantages and limitations, can 
be used to diagnose and grade such injuries. The 
correct use of these imaging modalities will lead 
to an early and accurate diagnosis preventing the 
development of chronic pain or other complica-
tions and thus avoiding waste of limited financial 
resources. The specific merit of each imaging 
modality in the evaluation of sports-related lesions 
will be further highlighted in the next chapters and 
summarised in schematic boxes.
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Things to Remember
 1. The imaging requirements for sports medi-

cine physicians should begin with conven-
tional radiography.

 2. Ultrasound is considered the imaging tech-
nique of first choice for the diagnosis of mus-
cle lesions. The examination must be 
performed between 2  h and 48  h after the 
muscle trauma to assess the extension of the 
haematoma and hence predict a grading of 
muscle lesions.

 3. MR imaging has become the dominant imag-
ing modality in the assessment of sports- 
related injury, because sports medicine and 
high-quality imaging are inextricably linked. 
There are, however, many findings on MRI 
that may not represent clinically significant 
disorders. Therefore, optimisation of image 
acquisition and interpretation require correla-
tion with clinical findings.

 4. Multi-detector CT arthrography is a valuable 
alternative to MR imaging for the assessment 
of internal derangement of joints. In daily, 
clinical practice, the choice between the two 
imaging modalities is offered to the referring 
clinician, depending on the clinical situation.
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Abstract
Muscle damage is related to indirect/elonga-
tion mechanism, direct impact or dysfunction 
of the supporting connective tissue and is 
common in athletes. Muscle trauma can lead 
to changes that may be observed on US and 
MRI. MRI or US grading of muscle injury can 
be performed. In clinical practice the classic 
three-grade system of muscle trauma proved 
to be insufficient to predict recovery period 
and complication rate. Last decennium novel 
grading systems are developed taking into 
account new pathophysiological insights.

This chapter reviews the relevant imaging 
anatomy, ultrastructure and (patho)physiology of 
muscle as well as the radiological characteristics 
of normal and injured muscle as seen on ultra-
sound and MRI with emphasis on its clinical rel-
evance introducing the novel grading systems.
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CT Computed tomography
DOMS Delayed onset muscle soreness
MRI Magnetic resonance imaging
MTJ Musculotendinous junction
MTU Musculotendinous unit
US Ultrasound
SI Signal intensity

1  Introduction

Skeletal muscle comprises the largest tissue mass 
in the body, accounting for 40–45% of body mass 
(Best and Garrett 1994; Garrett and Best 1994). 
The muscle-tendon unit (MTU) is, in essence, a 
mechanical system that enables locomotion 
through contractions that alter length of 
sarcomeres.

Muscles are subject to traumatic processes 
that can compromise their function. Muscle 
trauma is common in athletes, it can lead to 
changes that may be observed on US and MRI, 
and that may manifest as abnormalities of muscle 
reflectivity respectively intensity and (ultra)struc-
ture as well as volume alterations. Muscle dam-
age is related to indirect mechanism (overuse 
(DOMS) or stretching), direct impact (contusion 
of with penetration) or dysfunction of the sup-
porting connective tissue (compartment syn-
drome and muscle herniation) (Flores et al. 2018).

Muscles were difficult to image with early 
techniques (radiographs, computerised tomogra-
phy (CT) and low resolution ultrasound) because 
of low soft tissue contrast. With the advent of 
high resolution and compound ultrasound (US) 
and magnetic resonance imaging (MRI) it 
became much easier to diagnose injuries primar-
ily affecting the soft tissues. More attention is 
paid to traumatic lesions of the MTU in radio-
logical literature (Campbell and Wood 2002; 
El-Khoury et  al. 2004; Flores et  al. 2018; 
Dimmick and Linklater 2017). MRI or US grad-
ing of muscle injury can be performed, and fol-
low- up studies can assess repair of muscle tissue 
and identify complications of the healing pro-
cess. Some features such as vascularity and intra-
lesional calcification may be more easily 
appreciated on ultrasound than MRI.

In clinical practice the classic three-grade sys-
tem of muscle trauma (Table  1) proved to be 
insufficient to predict recovery period and com-
plication rate (O’Donoghue 1962; Takebayashi 
et  al. 1995; Peetrons 2002; Stoller 2007). This 
insufficiency is related to the lack of relation to 
aetiology the lack of subclassifications with the 
consequence that injuries with different aetiol-
ogy, treatment pathway and different prognostic 
relevance are categorised in one group (Mueller- 
Wohlfahrt et  al. 2013). Last decennium novel 
grading systems are developed taking into 
account new pathophysiological insights 

Table 1 Three-grades muscle classification systems of elongation injury

O’Donoghue (1962) anatomy-function based
Takebayashi et al. (1995)/Peetrons (2002) US based
Stoller (2007) MRI based
A. Grade 1
   (a) Anatomy: No appreciable tearing, no loss of function or strength, low-grade inflammation
   (b) US: No abnormalities or diffuse bleeding with less than 5% or without focal fibre rupture
   (c) MRI: No structural damage, no SI abnormalities or oedema without haemorrhage
B. Grade 2
   (a) Anatomy: Tissue damage, muscle strength reduced
   (b) US: Partial rupture: Focal fibre rupture more than 5% of the muscle involved, with or without fascial injury
   (c) MRI: Rupture up to 50%, hyperintense focal defect and partial retraction of fibres possible
C. Grade 3
   (a) Anatomy: Complete muscle tear with complete loss of function
   (b) US: Complete muscle rupture with retraction, fascial injury is present
   (c) MRI: Complete tearing with or without retraction

J. L. M. A. Gielen et al.
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(Mueller-Wohlfahrt et  al. 2013; Pollock et  al. 
2014) (Tables 2 and 3).

This chapter reviews the imaging relevant 
anatomy, ultrastructure and (patho)physiology of 
muscle as well as the radiological characteristics 
of normal and injured muscle as seen on ultra-
sound and MRI with emphasis on its clinical rel-
evance introducing the novel grading systems.

2  Anatomy, Ultrastructure 
and (Patho)Physiology 
with Imaging Correlation

The muscle fibre is the basic structural element 
of skeletal muscle; the sarcomere is the smallest 
contractile unit of muscle fibre. The muscle fibre 
is a long cell connected to the tendon or bone on 

Table 2 Munich comprehensive classification system of acute muscle disorders and injuries

Mean lay of time: MLT from Ekstrand et al. (2013)
Indirect injury
A. Functional muscle disorders (MLT: 6 days)
   Type 1: Overexertion related
   (a) Fatigue induced
   (b)  DOMS
   Type 2: Neuromuscular muscle disorders
   (a) Spine related
   (b) Muscle related
B. Structural muscle injuries
   Type 3: Partial tears
   (a) Minor tear: Less than fascicle or bundle (MLT 13 days)
   (b)  Moderate tear: Diameter greater than a fascicle or bundle with involvement of connective tissue 

(endomysium, perimysium and epimysium (fascia) (MLT 32 days)
   Type 4: (sub)total tears/tendinous avulsions) (MTL 60 days)
Direct injury
  Contusion
  Laceration

Table 3 BAC classification system of muscle injury

This system combines two classification principles: Extent (grades 0–4) and location (suffix a–c). Rehabilitation 
period and complication rate climb with increased grades and suffix.
Grades:
  Grade 0
   (a) Focal neuromuscular injury with normal MRI
   (b) Generalised muscle soreness with normal MRI or with characteristics of DOMS
  Grade 1 involves <10% of the muscle CSA with length < 5 cm
  Grade 2 involves 10–50% of the muscle CSA with length 5–15 cm
  Grade 3 greater than 50% with length > 15 cm
  Grade 4 complete tear
Location suffix:
  (a) Myofascial
  (b) MTJ
  (c) Intratendinous
Acute muscle elongation trauma: 12 stages combined grade 0–4 with suffix a–c with increasing rehabilitation 
period from 1 to 12 weeks
  0a
  1a and 1b
  2a, 2b and 2c
  3a, 3b and 3c
  4a, 4b and 4c

Muscle Injuries
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which it acts. The contractile filaments, myosin 
and actin filaments, are interswitched with an 
overlap. Greater overlap of these filaments pro-
duces muscle shortening-contraction. There are 
no end-to-end connections between muscle 
fibres. Muscles originate from and insert on bone 
or dense connective tissue either directly or via a 
tendon. A layer of fibrous connective tissue, the 
endomysium, surrounds each individual muscle 

fibre. These fibres are bundled into fascicles, 
which themselves are surrounded by perimy-
sium. The perimysium is easily recognised on 
longitudinal ultrasound as linear reflective lines 
separating the hyposonant contractile fascicles 
(Peetrons 2002) (Fig.  1a). Transversely they 
appear as dotted reflective areas. Thicker 
reflective septa may occasionally be seen within 
the muscle belly, resulting in a reticular or 

a

b

Fig. 1 (a and b) Thigh muscles and tractus iliotibialis. (a) 
Lateral longitudinal and (b) transverse extended field of 
view ultrasound images of the thigh muscles. Longitudinal 
posterior and anterior view with a total length of 40cm on 
top and bottom, respectively. The gluteus maximus (GM), 
vastus lateralis (VL) and vastus intermedius (VI) muscles 
and the tractus iliotibialis (TI) can be identified on longi-
tudinal images. The four quadriceps heads including vas-

tus medialis (VM) and rectus femoris (RF) can be 
identified on the transverse image. The reflective linear 
lines of the perimysium are best appreciated in the local-
ised longitudinal ultrasound images. The reflective line 
between muscles corresponds to the epimysium (muscle 
fascia) (arrow heads). The deep reflective line (arrows) is 
formed by the cortical lining of the femur diaphysis and 
distal metaphysis

J. L. M. A. Gielen et al.
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honeycomb pattern on transverse images 
(Fornage 1995) (Fig. 1b). On MRI this fascicular 
structure is not appreciated. Muscular tissue pro-
duces a homogeneous intermediate SI on T1- and 
T2-weighted MR images (WI) with intermediate 
to slightly long T1 relaxation time and short T2 
relaxation time. The fat along fascial and subcu-
taneous tissue planes allows identification of 
individual muscles (Fig.  2). The axial plane is 
particularly helpful for outlining specific muscle 
contours to determine location of lesions and to 
compare atrophy or expansion of muscle. 
Including the opposite side for comparison may 
be helpful (Kathol et al. 1990). The outer thicker 
layer or epimysium (muscle fascia) that sur-
rounds the entire muscle belly is also reflective 
on US (Fig. 1a and b). This thick fascia may pro-
duce a low SI cocoon around the muscle belly on 
T1- and T2-WI MR images (Fig. 2).

These layers of connective tissue within the 
muscle belly are regarded as the connective tissue 
skeleton of the muscle (endo-, peri- and epimy-

sium). At the myotendinous junction the contrac-
tile elements end and the connective tissue 
skeleton of the muscle belly continues in endo-, 
peri- and epitendineum of the tendons of attach-
ment. This transition site of connection between 
the contractile muscle cells and the tendon is 
known as the myotendinous junction (MTJ) 
(Noonan and Garrett 1992). It is a specialised 
region of highly folded membranes at the muscle- 
tendon interface. The folding increases the junc-
tional surface area by 10–20 times, decreasing 
the stress per unit area.

The orientation of reflective layers of perimy-
sium on US depends on the orientation of the 
muscle fibre.

Pennate muscles have muscle fibres obliquely 
oriented to the epimysium and MTJ (Fig. 3a–g). 
Pennate muscles may have a unipennate (Fig. 3a, 
b), bipennate, circumpennate or multipennate 
(Fig. 3d, e) architecture (Table 4). In these cases, 
the myotendinous junction is often quite large, 
extending a long distance into (in bi- or 

Fig. 2 Rectus femoris muscle, vastus intermedius and 
rectus femoris, proximal third, longitudinal view. 
Comparison US and MRI T1 WI. Cut out of US FOV pro-
jected on the MRI image. US: epimysium (muscle fascia): 
arrow heads, cortex femur: small arrow head, endomy-

sium and perimysium: arrows. MRI: homogeneous aspect 
of muscle tissue on MRI: no discrimination collagen and 
muscle fibres, and thus no discrimination of individual 
bundles and fascicles. Hyperintense aspect of intramuscu-
lar, perimuscular, subcutaneous and endomedullary fat

Muscle Injuries
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Fig. 3 (a–h) Ultrasound and diagram illustrating arrange-
ment of muscle fibres. (a and b) Unipennate medial gas-
trocnemius muscle. (a) Distal third of left muscle and (b) 
extended field of view (left  =  proximal). White arrows 
point at the aponeurosis (eccentric tendon) of the distal 
MTJ. The pennation angle is measured at 20° (white angle 
on a). Extended field of view image (b) from the popliteal 
fossa (left side) to the Achilles tendon (right side). Panel 
(a) is the part at the dotted box in (b). (c) Diagrams illus-
trating the effect of muscle hypertrophy on force vector in 
line with the tendon. Left diagram with pennation angle of 
45°, right diagram with pennation angle of 70°. Increased 
force generated by the hypertrophic muscle but similar 
resultant force vector in line of the tendon compared to 
non-hypertrophied muscle. (d–g) Circumpennate adduc-
tor longus muscle proximal MTJ [(d) transverse and (e) 

longitudinal imaging plane at the proximal third, (f and g) 
extended field of view]. The central reflective structure 
represents the tendon (arrow) that is surrounded by 
hypoechoic contractile elements, the reflective dots and 
lines between the contractile elements represent perimy-
sium. Superficial thick reflective line is epimysium or 
superficial muscle fascia (arrow heads). (h) Parallel or 
fusiform muscle type, musculus biceps brachii. (US Left: 
longitudinal plane. Right transverse plane). Muscle fascia 
(arrow heads). The larger number of muscle fibres in a 
given cross-sectional area in the pennate muscle types 
allows for greater muscle strength, but less capacity for 
muscle shortening than in the parallel muscle type. 
Dynamic ultrasound during active muscle contraction 
demonstrates the change in muscle shape and fibre orien-
tation in the longitudinal plane

a

b
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Fig. 1 (continued)

d e

f g
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circumpennate architecture) or along the surface 
(in unipennate architecture) of the muscle belly. 
The pennate configuration allows for a large 
number of short muscle fibres packed in parallel 
in a given cross-sectional area (CSA), producing 
powerful muscles that resist elongation. In uni-
pennate muscle the eccentric MTJ is often called 
aponeurosis and typically thin or membranous; it 
is continuous with the muscle fascia, and weak 
with high sensitivity to elongation injury. On 
imaging (ultrasound and MRI) no distinction is 
possible between fascia and aponeurosis. The 
pennation angle (angle of the muscle fibres to the 
tendon or aponeurosis) is easily appreciated on 
ultrasound; it increases in hypertrophied muscles 
as is the case in athletes, especially in body build-
ers (Fig. 3a–c). Increased pennation angle results 
in increased number of muscle fibres/CSA and 
increased maximum force. However it is believed 
that resultant force vector parallel to the tendon 
diminishes in angulations over 45° resulting in 
lower muscle strength (Fig. 3c).

In a parallel or fusiform configuration, the 
muscle fibres are oriented with the long axis of 
the muscle, with a smaller number of longer mus-
cle fibres in the same CSA (Fig. 3h). This allows 
a greater range of movement and maximum 
velocity of shortening, but less power.

Research in muscle biology has proved the 
existence of different types of muscle fibres with 
distinctly different structural, physiological and 
biochemical characteristics. Differences in fibre 
type are related to performance characteristics of 
certain muscles which reflect the speed of con-
traction and endurance of the muscle (Garrett 
et al. 1984).

The type I (slow twitch) fibre has slow con-
traction and relaxation times; it is, however, 
resistant to fatigue and has more mitochondria 
and capillaries per fibre. These type I fibres have 
a red colour related to the higher myoglobin con-
tent. Muscles active in postural activities are rich 
of type I fibres. The type II (fast twitch) fibre is 
divided into three subtypes (Type II A, B and C) 

h

Fig. 247.3 (continued)
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but generally the type II fibre has lower mito-
chondrial content, functions glycolytically and is 
better adapted to intense movement activities of 
short duration. Type II muscle fibres have a white 
colour related to less myoglobin. More tension 
can developed in type II fibres than in the type I 
fibres. The amount of active tension that a muscle 
produces has been shown to be proportional to 
the fibre type content, so that muscles with higher 
proportion of type II fibres are able to generate 
more force. Low-intensity exercise selectively 
involves type I fibres, while more type II fibres 
are recruited as exercise intensity increases.

Slow and fast twitch fibre distribution is 
genetically determined, mean distribution is 45% 
slow and 55% fast twitch. About 20% of muscle 
fibres are undifferentiated, the endurance charac-
teristics of these type IIC fibres can be altered as 
a result of training (Garrett 1990). People with 

genetic predominance of type II fibres are more 
successful in explosive sports activities whereas 
people with predominance of type I fibres are 
more successful in endurance sports activities. 
Muscle biopsies from sprinters are more likely to 
show a predominance of type II fibres (37% slow 
and 63% fast twitch), compared with long dis-
tance runners where type I fibres predominate 
(82% slow and 18% fast twitch). A non-invasive 
alternative to muscle biopsy for typing is quanti-
fication of muscle carnosine with proton MR 
spectroscopy (Ozdemir et al. 2007). Because of 
the low magnitude of carnosine spectroscopy 
peak MRS; quantification of carnosine needs big 
volumes and is prone to errors and available only 
in specialised (research and elite sports) centres.

Most muscles cross one joint but some cross 
two or more joints (Table 4). Those muscles that 
cross only one joint are located more deeply and 
are usually involved in postural activities (pre-
dominant type I fibres), with greater strength and 
slow speeds of contraction. Muscles that cross 
more than one joint produce higher speeds of 
contraction and a greater shortening index, but 
produce less tension over the full range of move-
ment (predominant type II fibres). Typical mus-
cles that cross two joints at the upper limb are the 
biceps brachii muscle, extensor carpi radialis bre-
vis and longus muscles, triceps brachii (long 
head), long finger extensor and flexor muscles. At 
the lower limb: rectus femoris muscle, semitendi-
nosis, semimembranosus and long head of biceps 
femoris muscles, medial and lateral gastrocne-
mius muscle, plantaris muscle, peroneal and long 
toe flexor and extensor muscles (Table 4).

Muscles that are located deeply, i.e. adjacent 
to bony structures, are more prone to crush 
(direct) trauma. Muscles that span more than one 
joint are more prone to elongation (indirect) 
injury.

Skeletal muscles are controlled by motor 
nerves. A motor unit is made up of a single nerve 
axon and all the muscle fibres it supplies. Muscle 
fibres in a motor unit have the same contractile 
and metabolic properties.

Muscle activation generates force within the 
muscle. If the resisting load is less than the 
force generated by the muscle, then the muscle 

Table 4 Muscle architecture

Non limitative list!
Bold: Crossing two joints
Italics: Prone to elongation injury
  Parallel, fusiform and convergent muscle 

structure
    Biceps brachii distal MTJ short and long head 

proximal MTJ
   Sartorius proximal and distal MTJ
    Rectus abdominis muscle proximal and distal 

MTJ
    Sternocleidomastoid muscle proximal and distal 

MTJ
   Psoas major muscle distal and proximal MTJ
   Pectoralis major distal MTJ
  Unipennate muscle: Membranous eccentric tendon
    Gastrocnemius (medial and lateral) muscles 

distal MTJ
   Soleus muscle distal MTJ
   Semimembranosus proximal MTJ
   Rectus femoris straight head proximal MTJ
   Lumbrical muscles distal MTJ
   Interosseous muscles distal MTJ
    Extensor digitorum longus of the leg and arm 

distal MTJ
  Bipennate muscle
    Rectus femoris muscle reflected head proximal 

MTJ
  Circumpennate and multipennate muscle
   Deltoid muscle distal MTJ
   Adductor longus muscle proximal MTJ

Muscle Injuries
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will shorten; this is referred to as concentric 
contraction. When the resisting force is greater 
than that generated by the muscle, the muscle 
will elongate; this is referred to as eccentric 
elongation. A large portion of muscle activity 
occurs in an eccentric fashion. Eccentric muscle 
activation can produce more force or tension 
within the muscle than when it is activated con-
centrically (Fig. 4), making it more susceptible 
to rupture or tearing. Dynamic US in a longitu-
dinal plane during active muscle contraction 
demonstrates changes in muscle volume and 
fibre orientation in pennate muscle 
ultrastructure.

A tear in the MTU will occur when the tension 
in the unit exceeds the strength of the weakest 
structural element. From an imaging standpoint, 
the MTJ is an important region, because injuries 
involving the muscle belly tend to occur near, but 
not precisely at the true histological MTJ. This 
location is quoted with a suffix b in the BAC clas-
sification system (Pollock et al. 2014) (Table 3).

3  Muscle Trauma 
with Discussion of Grading 
Systems

A large segment of the population participates in 
sports activities resulting in injuries to a variety 
of muscles. In soccer hamstrings injuries and rec-
tus femoris injuries are most frequent and players 
will have long periods of time lost (Ekstrand 

et al. 2011). The majority of muscle injuries are 
self-limited and imaging is not routinely 
indicated.

Not only for the sports physician but also for 
the radiologist it is recommended to start with a 
precise history of the occurrence, the circum-
stances, the symptoms, previous problems, fol-
lowed by a careful clinical examination with 
inspection, palpation of the injured area, com-
parison to the other side and eventually testing of 
the function of the muscles. Palpation serves to 
detect (more superficial and larger) tears, peri-
muscular oedema and increased muscle tone 
(Askling et al. 2007; Jarvinen et al. 2005).

The Munich consensus statement comprehen-
sive classification system developed in 2012 
(Mueller-Wohlfahrt et  al. 2013) differentiates 
indirect and direct (contusional) muscle injury as 
major groups with four types of indirect muscle 
injury (Table  2). The major discrimination in 
indirect trauma is functional and structural mus-
cle disorders. Functional muscle disorders are 
typically disorders without macroscopic evi-
dence (US or MRI) of fibre tear. Macroscopic 
evidence (US or MRI) of structural damage or 
fibre tear is found in structural muscle injuries. In 
this instrument for the first time that a large vol-
ume of data (referring to almost 400 thigh inju-
ries in professional soccer players) has been used 
to test the classification and grading system 
(Grassi et  al. 2016). Functional injuries were 
associated with a significantly shorter lay-off 
time compared to structural injuries (6 versus 
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16 days). A significant difference was found also 
within the indirect injuries, with a median lay-off 
time of 13 days for Type 3a (minor partial muscle 
tears), 32  days for Type 3b (moderate partial 
muscle tears) and 60 days for Type 4 (complete 
muscle tears) (Ekstrand et al. 2013).

The Munich consensus statement also recom-
mends to avoid elongation, pulled-muscle, hard-
ening and hypertonus as these terms are either 
biomechanical, non-scientific or not well defined.

The British athletics muscle elongation clas-
sification system (BAC) is probably the most 
advanced in clinical practise as it introduces 
additional location characteristics that influence 
rehabilitation time and complication rate (Pollock 
et al. 2014) (Table 3).

US and MRI may be employed for the assess-
ment of (professional and elite) sports injuries 
involving direct and structural muscle injury and 
in general population in muscle lesions prone to 
complications (muscle contusion and pennate 
muscle elongation trauma).

In the evaluation of muscle injury US may be 
performed in the subacute setting (24–48 h after 
the injury) to provide information about any 
existing disturbance of the muscle structure, par-
ticularly if there is any collection or haematoma 
to discriminate towards a functional disorder 
without evidence of structural damage (Mueller- 
Wohlfahrt et al. 2013). US is also performed to 
identify the muscle groups involved, to quantify 
the lesion and to identify involvement of the ten-

don (Fig. 5a, b). These abnormalities are thought 
to influence rehabilitation time and complication 
rate (Peetrons 2002). MRI is helpful in deter-
mining whether focal increased fluid signal is 
present, to assess the pattern, and if there is a 
structural lesion including its approximate size 
(Figs.  6 and 7a, b). Furthermore, MRI is also 
helpful in confirming the site of injury and any 
tendon involvement (Fig.  7a, b). However, it 
must be pointed out that MRI alone is not sensi-
tive enough to measure the extent of muscle tis-
sue damage accurately. For example, it is not 
possible to judge where oedema/haemorrhage 
(seen as high signal) is obscuring muscle tissue 
that has not been structurally damaged leading 
to oversizing the lesion (Mueller-Wohlfahrt 
et al. 2013). The latter is more accurately done 
with US.

Imaging during rehabilitation to monitor the 
healing response is generally regarded not useful 
if the clinical progress is as expected. Monitoring 
and natural history of muscle trauma will be dis-
cussed in Kilsdonk et al. (2021).

3.1  Acute Traumatic Muscle Injuries

Acute traumatic muscle injury occurs as a result 
of two mechanisms. Direct crush trauma or com-
pressive injury that results in contusions and lac-
erations with haematomas. Indirect trauma with 
over-elongation of muscle fibres, during active 

a b

Fig. 5 (a and b) Adductor longus proximal MTJ muscle, 
circumpennate muscle type. Subacute partial tear at the 
muscle proximal at the myotendinous junction with 
organising haematoma BAC grade 2c/Munich type b. (a) 
Longitudinal US imaging plane, (b) axial US imaging 
plane. Hyporeflective serosanginous collection at the fibre 
discontinuity of the proximal MTJ, retracted muscle (a 

arrow). Distraction length of 7 cm. On transverse US (b) 
CSA of the collection of 10% of the whole muscle 
CSA. The torn end is evident by the presence of retracted 
muscle fibres surrounded by fluid (clapper bell sign, 
arrow). Perimysium tear with extramuscular fluid is 
evident
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contraction or passive stretching, may lead to 
muscle tear.

Differentiation of direct and indirect muscle 
trauma is critical as they have typical clinical pre-
sentations, rehabilitation characteristics and spe-
cific complications.

3.1.1  Muscle Elongation Trauma

3.1.1.1 Biomechanical Basis
Muscle functions to initiate skeletal movement, 
but also resists and modifies other movements by 

transmitting forces to the skeleton through the 
tendons (Herzog 1996; Brinckmann et al. 2002).

Indirect muscle injuries, or muscle elonga-
tions, are frequently encountered following ath-
letic activities; they represent a major reason for 
time lost from sports (Shellock et  al. 1994). 
Muscle injuries occur during powerful eccentric 
contraction because more tension is generated 
within muscles during eccentric contraction than 
during concentric contraction.

Muscle and tendon injury occur at zones of 
anatomical or functional transition as these sites 
generate the greatest concentrations of intrinsic 
forces (Garrett et  al. 1987; Nordin and Frankel 
2001). Experimentally, muscle-tendon units 
stretched to failure, consistently disrupt near the 
myotendinous junction. Indeed already more 
than 60 years ago, McMaster (1933) showed 
experimentally that tendons does not rupture 
when a normal muscle-tendon unit is subjected to 
powerful elongation. This is also most often but 
not always true clinically and has been shown 
repeatedly on US and MRI studies, in adults 
muscles subjected to forceful eccentric contrac-
tion consistently disrupt at the muscular side near 
and not at the muscle-tendon junction or near the 
bone-tendon junction. However in clinical prac-
tice MTJ tear extending into the tendon (BAC 
classification suffix “c”) and subfascial muscle 
tear (BAC classifications suffix “a”) also occur 
and should be recognised (Pollock et  al. 2014) 
(Table 3).

At the microscopic level initially an area of 
diluted haemorrhage is found. Twenty-four to 
48 h after the injury, a pronounced inflammatory 
response is seen with fibre necrosis, capillary 
ingrowth, and a proliferation of disorganised 
fibroblasts (Nikolaou et  al. 1987). The oedema 
and inflammatory response is resolved after 
1–2 weeks. After 72 h collagen synthesis may be 
found that together with myotube bridges the 
injury site. Stress produces secondary remodel-
ling of the muscle that goes on for months. It is 
obvious that the imaging aspect of muscle tears 
largely depends on the time interval to the injury. 
Imaging aspect of muscle tears also depends on 
the grade of elongation injury. Human imaging- 
histopathologic correlative studies to grade 

Fig. 6 Coronal MRI of both triceps surae at the posterior 
third, intermediate TE with FS. Muscle elongation trauma 
BAC grade O/Munich type 1 or 3a). Linear fluid signal at 
the right medial gastrocnemius distal MTJ with identifica-
tion of fibrillary muscle architecture (arrows). No fluid 
signal at the intermuscular area between the medial gas-
trocnemius and the soleus is detected (arrowheads)
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muscle elongation lesions are not published yet. 
We propose the following hypothetic mechanism 
of distraction injury that is based on long-lasting 
ultrasound practice in acute and chronic lesions 
at different grades and stages. The BAC and 
Munich grading system are used to stratify the 
chapter on imaging (Table 3).

BAC Grade 0, Munich Type 1a
In a first stage of injury the myosin and actin fila-
ments are powerfully contracted above their vis-
coelastic limits without being torn apart, and thus 
no filament or muscle fibre rupture is present. 
Capillary (blood and lymph) vessels at the con-
tractile apparatus and at the surrounding endo-
mysium may be injured, which results in diffuse 
bleeding (diluted haemorrhage). In this low- 
grade elongation, not tissue loss but swelling 
may be clinically apparent.

BAC Grade 1, Munich Grade 3a
Ongoing distraction forces will cause contractile 
fibres discontinuity. Individual muscle fibres/
cells are microscopic, they have a diameter 60 μm 
and are not visible to the eye and neither docu-
mented on US.  On ultrasound local bleeding/
fluid collection is seen as hyporeflective areas 
without internal structure (Fig. 8a, b). MRI docu-

ments increased SI (Fig. 6). In these small lesions 
within the fascicle-bundle dimensions (less than 
2–5 mm diameter) no destruction of the connec-
tive tissue skeleton of the muscle and no exten-
sion to the tendon is present. No fluid external to 
the superficial muscle fascia is detected.

BAC Grade 2 and 3, Munich Type 3b
Increasing distraction force causes discontinuity 
of the endomysium with subsequent tear of the 
perimysium and epimysium. Lesions over the 
size of an individual fascicle/bundle include 
damage to the connective tissue (Munich type 
3b) and may be documented on US.  As fibre 
architecture is not documented, small Munich 
type 3a and b and type 1a lesions are not easily 
discriminated on MRI.

The location of muscle elongation injury will 
vary along with the type of muscle.

Unipennate muscles are of special interest as 
the musculotendinous junction is located superfi-
cially and continues in a membranous tendon. A 
MTJ tear that stretches into the tendon is fre-
quently encountered in this situation. The com-
monest example of this is “tennis leg”, occurring 
at the distal medial gastrocnemius muscle 
(Fig.  7). Some authors describe this particular 
variation of muscle rupture at the myotendinous 

a b

Fig. 7 (a and b) Coronal (a) and axial (b) MRI interme-
diate TE with FS.  Medial gastrocnemius elongation 
trauma with recurrent tear BAC grade 2c/Munich type 3b. 
Coronal image (a) demonstrates fibrillary fluid infiltration 
between the fascicles of the right distal medial gastrocne-
mius with slackened aspect of the membranous tendon 

(arrow) and marked fluid infiltration between the medial 
gastrocnemius and soleus (arrowheads a, b). Fibrillary 
aspect of the fluid is not demonstrated on the axial image 
(b). Low SI sickle shaped fibrous old scar at the distal 
MTJ landmark of previous muscle tear with complication 
(arrows b)
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junction as a muscle–aponeurosis avulsion. This 
lesion needs the suffix c in the BAC classification 
system and implies longer rehabilitation and 
complication risk (Table 3). Injury to the aponeu-
rosis causes perimuscular fluid or bleeding and is 
often followed by scarring (Figs. 7b and 9). On 
the contrary, in parallel or circumpennate mus-
cles fibre orientation tears are more frequently 
centrally located.

BAC Grade 4 or Munich Type 4
Ongoing distraction force may cause complete 
muscle rupture with injury of the epimysium/fas-
cia. This corresponds to BAC grade 4 or Munich 
type 4 injury.

In BAC grade 3/ Munich type 3b and up, clini-
cally, tissue loss with a gap is often felt at the 
rupture site. Occasionally, a subcutaneous ecchy-
mosis can occur but this usually develops 12–24 h 
later (Peterson and Renstrom 1986). This ecchy-
mosis is probably only found in cases of epimy-
sium tear. It is located typically distally to the tear 
where the fascial planes abut the subcutis and 
gravitation brings it to the surface. Major haema-
toma is not often found in distraction injury, as 
the larger vessels are not involved. Clinical 
examination may be confusing in rare cases of 
extensive haematoma as it fills in the gap and 
may eventually give the impression of a 
swelling.

The forces experienced can be exacerbated by 
concurrent injury, fatigue and the severity of 
external forces as well as their speed of applica-
tion (Mair et al. 1996; Brinckmann et al. 2002). 
Weakened or fatigued muscles absorb less energy 
and therefore are more likely to be injured. 
Muscles containing predominantly type II fibres 

Fig. 9 Medial gastrocnemius tear with involvement of 
the aponeurosis and intermuscular fluid collection 
between the soleus and the medial gastrocnemius. 
Extended field of view ultrasound images with demon-
stration of major asonant collection in longitudinal (top, 
15 cm) and transverse (bottom, 6 cm) orientation

a b

Fig. 8 (a and b) Acute BAC grade 1/Munich grade 3a 
injury of the medial gastrocnemius on longitudinal 
US. Unipennate muscle type. Typical example of “tennis 
leg”. A small low reflective focal haematoma (arrows) 
with a few internal echoes replaces the retracted fibres at 

the distal musculotendinous junction. No fluid is docu-
mented between the soleus and gastrocnemius muscles. 
The soleus muscle lies immediately deep to the haema-
toma and is normal. Compare with Fig. 1a demonstrating 
the normal musculotendinous junction
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and muscles that cross more than one joint are at 
increased risk of elongations.

Recognising the tendon is important as a mus-
cle tear that extends into the tendon results in sig-
nificant prolonged rehabilitation and increased 
complication rate (BAC grading system suffix c). 
In this regard, the radiologist should focus to rec-
ognise the tendon, especially in unipennate mus-
cles prone to elongation injury (Table  4). A 
muscle belly tear is less frequently located adja-
cent to the fascia (BAC grading system suffix a); 
these lesions tend to have a short revalidation 
period with lower complication rate compared to 
lesions at the MTJ (suffix b) and lesions with 
involvement of the tendon (suffix c).

The majority of athletes are skeletally mature 
with little tendon degeneration. In this setting 
excessive tensile forces across the musculoskel-
etal unit typically lead to failure near the myoten-
dinous junction (Mink 1992; Taylor et al. 1993). 
This is in contrast to skeletally immature athletes 
in which the apophysis is the most sensible link 
(Patel et al. 2021) and athletes with tendinosis or 
weak tendons where the diseased tendon can fail 
rather than the myotendinous junction (Llopis et 
al. 2021) (Mink 1992; Taylor et al. 1993).

3.1.1.2 Clinical Presentation
Clinically, muscle elongation is characterised by 
immediate focal pain and decreased function that 
can be due to muscle disruption or associated 
reactive spasm in adjoining muscles (Nicholas 
and Hershman 1986; Peterson and Renstrom 
1986; Speer et  al. 1993; Noonan and Garrett 
1992). Muscle elongations are clinically classi-
fied as either complete or partial based on whether 
the muscle-tendon unit is grossly disrupted or not 
(Zarins and Ciullo 1983). The most established 
clinical grading system has three components but 
it is recognised that differentiation of clinical 
grades can be difficult (O’Donoghue 1962 and 
1984) (Table 1). Grade 1 injury is less than 5% 
loss of function with mild evidence of a haema-
toma or oedema (O’Donoghue 1962 and 1984). 
Grade 2 injury is more severe but with some 
function preserved. Grade 1 and 2 are character-
ised with increasing pain during muscle contrac-
tion. Grade 3 elongations are complete muscle 

tears with no objective function and occasionally 
a palpable gap in the muscle belly. After the acute 
moment pain is generally absent during rest and 
muscle activity (Table 1).

Most muscle elongations occur in the lower 
extremities with the rectus femoris, biceps femo-
ris and medial gastrocnemius muscle being most 
commonly affected; they are followed by the 
semitendinosus, adductor, vastus medialis and 
soleus muscles (Greco et al. 1991). The muscles 
in italics span more than one joint (Table 4).

Previous incomplete injury, without total 
recovery of tensile strength, predisposes to more 
serious elongations.

3.1.1.3 Imaging
In experienced hands and with modern equip-
ment MR imaging and ultrasound are both accu-
rate techniques for the evaluation of lower limb 
muscle elongation (Steinbach et  al. 1998; Van 
Holsbeeck and Introcaso 2001; Connell et  al. 
2004; Cross et al. 2004; Robinson 2004). When 
symptoms are localised, acute muscle injury is 
best evaluated with ultrasound. In comparison to 
MR imaging it is fast and allows dynamic stress-
ing, which can be useful for differentiating large 
BAC grade 3 from BAC grade 4 tears (Van 
Holsbeeck and Introcaso 2001; Robinson 2004). 
However, the large muscle bulk often present in 
athletes means that the depth of resolution and 
field of view offered by ultrasound can be limit-
ing, especially in the pelvis and proximal thigh. 
Therefore, MR imaging can be more accurate in 
these anatomical areas or when symptoms are 
diffuse. Ideally, the radiologist should be familiar 
with both techniques.

In the very acute stage within 2  h after the 
injury, haemorrhage and haematoma has a reflec-
tive aspect, in this stage the lesion is underesti-
mated (Fig.  10a). After 48–72  h the lesion is 
correctly graded due to the anechoic aspect of the 
liquefaction (Fig. 10b).

MRI may also be used to assess muscle injury, 
but evaluation can be difficult as ultrastructure of 
muscles is not discriminated; thus, even minor 
elongation injuries can produce quite dramatic 
appearances that can be overestimated in their 
severity. The majority of acute muscle injuries 
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have associated oedema and haemorrhage which 
cause prolongation of the T1 and T2 relaxation 
times of the injured tissue. Occasionally an added 
sequence utilising fat suppression may be 
required. T2-weighted MR images are ideal for 
the delineation of muscle tears; the bright signal 
from high water content stands out against the 
relatively low signal of muscle and intermediate 
signal of fat on T2-weighted MR images. 
T1-weighted MR images are less sensitive in 
depicting soft tissue abnormalities because most 
pathologic processes have long T1-relaxation 
times similar to muscle; the contrast between 
muscle and haemorrhage or between muscle and 
oedema may be imperceptible on T1-weighted 
MR images. T1-weighted MR imaging may be 
useful, however, in providing specificity in regard 

to the presence of haemorrhage or fat (Deutsch 
and Mink 1989).

The initial attempt of the imaging classifica-
tion is to correlate with clinical evaluation result-
ing in grades 1–3 (Takebayashi et  al. 1995; 
Peetrons 2002) using a US or MRI system vary-
ing from normal imaging findings up to complete 
muscle tears with retraction (Table 1). However in 
clinical practice, the most important aim of grad-
ing is prediction of rehabilitation period and com-
plication risk. Novel Munich (Mueller- Wohlfahrt 
et al. 2013, Table 2) or BAC (Pollock et al. 2014, 
Table 3) grading systems are developed to enhance 
the efficacy of this prediction. Although these 
novel systems were not validated yet with clinical 
prospective studies it makes sense to introduce 
them in clinical practice. The Munich system is 

a

b

Fig. 10 (a and b) Hyperacute BAC grade 0/Munich type 
1a injury. (a) Transverse US images of the biceps brachii 
muscle. Parallel muscle type. Left image represents nor-
mal right muscle, middle and right images represent side 
of the injury (left). Several small areas of low and high 
reflectivity adjacent to one of the intramuscular septa are 

seen in the long axis of the left muscle belly (dotted cir-
cles). (b) Longitudinal ultrasound image of the long head 
of biceps femoris muscle with diffuse reflective infiltra-
tion due to diffuse bleeding (long dotted line 23 mm) with 
central small liquefaction (short dotted line 7 mm)
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retrospectively validated by Ekstrand (Ekstrand 
et al. 2013). The mean lay of time of muscle injury 
(MLT) of this validation is supplemented in 
Table 3. The BAC system is not validated yet but 
more advanced as it is quantifying not only the 
size but also the location of the tear. For this rea-
son we use this system in clinical practice. The 
suffixes added to define the location are explained 
in Table 3. To discriminate suffix b and c lesions it 
is critical to differentiate tendon and muscle on 
imaging studies (US and MRI). Especially in uni-
pennate muscle architecture the eccentric location 
of the tendon that is thinned into a membrane or 
aponeurosis should not be mixed up with a super-
ficial muscle fascia. A suffix c (and not a) is added 
if a tear in this aponeurosis or membrane is pres-
ent. Unipennate (medial gastrocnemius muscle 
distal MTJ) and bipennate (reflected head of rec-
tus femoris proximal MTJ) are frequently torn 
muscles with increased rehabilitation periods and 
increased complication risk.

BAC Grade 0, Munich Type 1 and Type 3a
Minor elongation injuries, also called claquage, 
will either appear on US as normal, or as small 
areas of low reflective cavities (Fig.  10b), in 
which no disruption of the striated aspect is docu-

mented. A normal US with clinical history of a 
sharp stabbing pain that increases by muscle con-
traction is diagnostic for a grade BAC grade 0/
Munich type 1 muscle elongation (Mink 1992; 
Van Holsbeeck and Introcaso 2001; Robinson 
2004). MRI may have a normal appearance (type 
1) or may present as a (small) area of oedema that 
presents as a diffuse area with prolonged 
T2-relaxation time (high SI) (type 3a).

In this grade of injury MR imaging can be 
superior to ultrasound (Figs.  6 and 11) (Gibbs 
et al. 2004). However, in daily clinical practice, a 
normal ultrasound is sufficient in most cases to 
exclude higher grade injury (Gibbs et  al. 2004; 
Robinson 2004). BAC grade 0/Munich type1 
injuries usually heal quickly within 1–2  weeks 
without complications.

BAC Grade 1 Suffix a and b/Munich Type 3b
More serious elongation injuries result in partial 
ruptures, and are evident by the discontinuity of 
muscle fibres and bundles, and by the presence 
haematomas and liquefaction (Fig. 8 US). In the 
BAC classification these injuries correspond to a 
partial tear with haematoma and muscle fibre 
disruption but not affecting the whole muscle 
belly (maximum 10% CSA and a length less 

Fig. 11 Axial MRI with acute BAC grade0/Munich type 
1a or 3a injury. Professional soccer player with acute 
onset thigh pain. Axial fat-suppressed T2-weighted MR 

shows minor area of oedema (arrow) within the long head 
of biceps femoris
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than 5 cm). A suffix “a” is added if tear is located 
at the myofascial area of the muscle (Figs. 12a, b 
MRI and 13 US). The suffix “b” is added in MTJ 
tears (Fig. 8a US). “a” Lesions tend to heal eas-

ier with less complications compared to “b” 
lesions. The Munich classification can be mis-
leading as a type 3b can describe a minor up to 
95% muscle tear yet these two extremes will 

Fig. 13 Ultrasound examination in a 78-year-old woman 
with sudden snap at the calf with subfascial medial gas-
trocnemius tear. Longitudinal images (left images) docu-
ment an area with disrupted fibrillary structure and 
hyporeflective aspect of the muscle belly of the medial 

gastrocnemius located adjacent to the superficial muscle 
fascia (area measured maximally 2 by 03  cm, between 
arrow). Axial images (right images) document the CSA 
less than 10%

a bFig. 12 (a and b) MRI 
examination in a 
19-year-old soccer 
player with elongation 
trauma and tear of the 
right rectus femoris 
muscle, straight head, 
BAC Grade 1, suffix a/
Munich type 1 or 3b. (a) 
Axial T2 WI, (b) coronal 
intermediate TE with FS 
Blood infiltration with 
high SI located at the 
lateral subfascial area 
with involvement of 
<10% cross-sectional 
area (CSA) of the rectus 
femoris muscle
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have significantly different rehabilitation times. 
Therefore when describing a type 3b tear it is 
important to also convey the percentage volume 
of muscle  disrupted and the length of injury 
(Verrall et al. 2001, 2003; Slavotinek et al. 2002; 
Connell et  al. 2004; Cross et  al. 2004; Gibbs 
et  al. 2004). As these parameters increase, the 
severity of injury also increases implying the 
need for longer rehabilitation.

BAC Grade 2, Suffix a, b or c/ Munich Type 3b
BAC Grade 2 injuries are muscle tears with loss 
of muscle continuity for 10–50% CSA and length 
of 5–15 cm with marginal distraction. Ultrasound 
can visualise the torn ends of the muscle bundles, 
and retracted muscle tissue may be highlighted 
by the presence of refractile shadowing. In some 
cases of partial or complete rupture, the torn ends 
of the muscle can be seen floating within the hae-
matoma (“clapper in the bell” sign) (Fig. 5a). It 
may be also helpful to ask the patient to actively 
contract the muscle, which will accentuate the 
retraction of muscle tissue facilitating the identi-
fication and sizing of the muscle tear. Related to 

the location of the tear a suffix a (myofascial) 
(Figs. 12–14), b (MTJ) (Fig. 15) or c (intratendi-
nous extension) is added. Blood and oedema 
within the tear and surrounding fascial planes can 
also be seen. Recognising the tendon is the chal-
lenge for the radiologist in unipennate muscle 
architecture (Fig.  16) to depict aponeurosis 
lesions (Figs. 7 and 17a–c) referring to increasing 
rehabilitation period and increased complication 
rate. Regarding the Munich type 3b identical 
remark to the previous grade is made.

BAC Grade 3, Suffix a, b or c/ Munich Type 3b
BAC grade 3 injuries are muscle tears with loss 
of muscle continuity for over 50% but not the 
complete CSA and length of over 15 cm with dis-
traction. Blood and oedema within the tear and 
surrounding fascial planes can also be seen. 
Related to the location of the tear a suffix a (myo-
fascial), b (MTJ) or c (intratendinous extension) 
(Figs. 15a, b, 18a, b, 19a–e and 20a–c) referring 
to increasing rehabilitation period and increased 
complication rate. Regarding the Munich type 3b 
identical remark to the previous grades is made.

a b c

Fig. 14 (a–c) MRI examination in a 29-year-old soccer 
player with elongation trauma and tear at the straight head 
of the right rectus femoris muscle grade BAC 2a/Munich 
type 3b. (a) Coronal intermediate TE with FS, (b) sagittal 
intermediate TE with FS, (c) Axial T2 Fluid infiltration 

with high SI located at the posterior lateral subfascial area 
with involvement of 10–50% CSA of the rectus femoris 
muscle belly. Fluid signal along the fascia (arrows) as a 
sign of involvement of the fascia
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BAC Grade 4/Munich Type 4
This Grade 4/Type 4 lesions are complete tears 
(Fig.  21a–c). Differentiating acute high BAC 
grade 3 and 4 injuries can sometimes be problem-
atic on T2-weighted MR images as it can be dif-
ficult to distinguish oedematous muscle from 
fluid within the tear (Fig. 21a, c). Occasionally 
this can be resolved by correlation with 

T1-weighted MR images or post-gadolinium 
images where the oedematous muscles enhance 
but fluid should not. In this situation it may be 
convenient to perform ultrasound evaluation as it 
is usually easier to distinguish oedematous mus-
cle from haematoma during static and dynamic 
imaging (Fig. 22) (Van Holsbeeck and Introcaso 
2001; Robinson 2004). A defect is detected at the 

a b

c

Fig. 15 Professional soccer player with recurrent ham-
string injuries. BAC grade 2b/ Munich type 3b biceps 
femoris long head injury. Distal MTJ of the long head of 
the biceps femoris is unipennate with membranous flat-
tening of the tendon. (a) Axial fat-suppressed T2-weighted 
MR image from 2002 shows an acute grade 2 injury 
involving the long head of biceps femoris (small arrow-
heads). (b) Corresponding longitudinal ultrasound image 

1 week later shows a hypoechoic haematoma-collection 
(H) with an area (arrowheads) occupying 10–20% of the 
muscle diameter (BAC grade 2 injury). (c) Axial fat- 
suppressed T2-weighted MR image from new injury in 
2005 shows marked oedema involving the myotendinous 
junction of the short and long heads (arrowheads) of 
biceps femoris
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site of the tear, and a mass which is isointense 
with normal muscle is detected due to retraction 
of the torn muscle.

Complete tears are more serious injuries and 
require longer periods of rehabilitation, from sev-
eral weeks to months.

Haematomas and haemorrhage are a key sign 
of muscle rupture. Haematomas typically appear 
as circumscribed areas of low or absent US 
reflectivity, and, as cellular elements separate 
out, fluid–fluid levels may be seen. However, in 
the very early stages of a tear, the haemorrhage 

a b

Fig. 16 (a and b) Long head of biceps femoris distal 
MTJ. US Anatomy of unipennate distal MTJ, longitudinal 
(a) and axial (b). Axial image (b) at the level of the dotted 
line on (a). Flattened membranous aspect of the tendon of 

the long head of the biceps (thin arrow on a and b) super-
ficial to the muscle belly of the short head (short arrows on 
a and b). Thick combined tendon of short and longhead 
(thick arrow on a)

a

c

b

Fig. 17 (a–c) Ultrasound of tear of the long head of 
biceps with involvement of the aponeurosis/tendon. BAC 
grade 2c/Munich type 3b. (a) Axial US image at the level 
of the white line of (b). (b) Longitudinal image. (c) 
Longitudinal extended field of view. Thin hyporeflective 

collection (arrow a) at the level of the rupture of the apo-
neurosis of the long head. Located superficial to the short 
head of the biceps. (b and c) Dotted line marks retraction 
of the long head over 3.2 cm
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a
b

Fig. 18 (a and b) Semimembranosus tear. BAC grade 3c/
Munich type 3b. (a) Axial MRI T2 WI, left semimembra-
nosus tear, right normal semimembranosus for compari-
son. Diagram with dotted line at the level of the 
MRI. Diagram demonstrating solid tendon at the origin of 
the tuber ischiadium, more distally thinning of the tendon 
into a membrane. (b) Coronal intermediate TE with 

FS.  Left semimembranosus tear. (a) Axial T1WI at the 
level of the musculotendinous junction. Membrane thick 
arrow, muscle belly: arrowheads. Left side shows fluid 
collection at the torn MTJ (thin arrow) with CSA of 50% 
of the CSA of the semimembranosus. Slackened aspect of 
the membrane (thick arrow). (b) Arrow points at the slack-
ened and retracted semimembranosus tendon

a c

b d

e

Fig. 19 (a–e) Fourteen-year-old male soccer player with 
acute elongation trauma 3  weeks ago. Rectus femoris 
proximal MTJ tear of the reflected head. BAC grade 3c. 
(a) Top left: proximal axial. (b) Bottom left: proximal 
axial with power Doppler. (c) Top right: proximal longitu-
dinal. (d) Bottom right: mid axial. (e) Diagram adapted 
from Radsource.us. (Kerr 2014) Diagram (e): Unipennate 
proximal MTJ of the direct of straight head: membranous 
aspect of the proximal tendon of the direct/straight head 
(orange) with muscle belly at the periphery at the muscle 
belly. Bipennate proximal MTJ of the reflected head: 
proximal tendon (blue) of the reflected/indirect head that 

flattens to form a central membrane. This bipennate mem-
brane forms the central located muscle belly of the 
reflected head. Distal MTJ of both heads form a unipen-
nate posterior located membrane (green). (a–d) Reflected/
indirect head of the rectus femoris is the central compo-
nent of the muscle with bipennate proximal musculotendi-
nous junction. Structural anomaly with mixed hyper- and 
hyporeflective aspect and increased power Doppler signal 
(arrows) is documented proximal (a and b axial and c lon-
gitudinal) with extension into the centrally located apo-
neurosis at the middle third of the muscle (d)
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a b

c

Fig. 20 (a–c) MRI of rectus femoris reflected head, prox-
imal MTJ tear BAC grade 3c at the right side. (a) Sagittal 
T2. (b) Coronal intermediate TE FS. (c) Axial intermedi-
ate TE FS. Oedema and fluid at the proximal MTJ of the 

reflected head involving over 50% of CSA, arrows. Bell 
clappers sign (a arrow). Tear of the aponeurosis (b 
arrowheads)

a b c

Fig. 21 (a–c) Left iliopsoas complete tear. BAC grade 4/
Munich type 4. MRI intermediate with FS, coronal (a 
left), sagittal (b mid) and axial (c right). Complete disrup-
tion of the distal MTJ of the iliopsoas with oedematous 

infiltration along the muscle fascia. Homogeneous high SI 
collection at the tear, intermediate SI at the level of oede-
matous infiltration of the muscle (arrows)
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and haematoma may appear diffuse and hyperre-
flective (Takebayashi et  al. 1995), or cause an 
increase in the separation of the reflective layers 
of perimysium. Blood and oedema may also 
insinuate between the fascial planes (Fleckenstein 
et al. 1989). If the epimysium or aponeurosis is 
torn, then the haematoma/fluid may extend 
beyond the boundaries of the muscle and may 
appear diffuse and indistinct and seen as high- 
signal intensity rimming the muscle on 
T2-weighted images (Figs.  12, 14 and 18a, b). 
Perifascial fluid is relatively common for BAC 
grades 2 and up of injury as any breach of the 
muscle aponeurosis allows blood to track along 
the fascial planes (Jarvinen et al. 2005).

MRI findings in muscle elongations not only 
depend on whether the tear is complete or incom-
plete but also on the duration of the tear. In the 
acute incomplete tear, blood and oedema may 

infiltrate between the muscle bundles, especially 
in the region of the myotendinous junction, giv-
ing a feathery appearance (Fig.  6). Acutely, a 
mass may be detected at the site of the injury; the 
mass is usually associated with abnormal signals 
from bleeding and oedema as well as muscle 
retraction (DeSmet 1993).

3.1.2  Crush Trauma
Muscle trauma resulting from direct trauma rep-
resents a crush injury of the muscle fibres. It 
causes predominant muscular haemorrhage and 
haematoma and less or no muscle fibre disrup-
tion. This usually results from muscle being com-
pressed against bone but can also occur when 
superficial muscle is compressed against a con-
tracted underlying muscle (Jarvinen et al. 2005). 
Anatomical boundary may be absent and multi-
ple muscles may be involved. Muscle crush 

a

b c

Fig. 22 (a–c) Early 
(age 24 h) biceps brachii 
tear BAC grade 4/
Munich type 4. Parallel 
muscle fibre type. (a) 
Longitudinal extended 
field of view. (b) 
Longitudinal view. (c) 
Transverse view. Tear at 
the lacertus fibrosus 
myotendinous junction 
(a, arrowheads). 
Demonstration of an 
ill-defined and 
hyporeflective fluid 
collection (a–c, arrows)
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trauma is commonly seen in contact sports. It is a 
clinical diagnosis obtained from patient history, 
muscle function is relatively normal given the 
degree of pain (Jackson and Feagin 1973; Zarins 
and Ciullo 1983; Armstrong 1984; Stauber 1988; 
Jarvinen et al. 2005).

In a similar manner to muscle elongation MR 
imaging or ultrasound can be used. The difficulty 
for either imaging modality is defining if there is 
muscle distraction especially if the clinical his-
tory is unclear.

Crush trauma may bring about Morel-Lavallée 
effusions. They are the result of the skin and sub-
cutaneous fatty tissue abruptly separating from 
the underlying fascia, a traumatic lesion pattern 
that has been termed “closed deglovement 
injury”. The lesion is located at the subcutaneous 
tissue, the muscle itself is typically not involved.

3.1.2.1 Muscle Contusion
Initially and in minor cases, interstitial bleeding 
or haemorrhage results in ill-defined areas of 
increased ultrasound reflectivity within the mus-
cle belly (Fig. 23), which become better defined 
and poorly reflective over time. Depending on the 
timing of the ultrasound these lesions may be dif-
ficult to detect, and an appreciation of the overall 
increase in muscle size compared with the nor-
mal side may be the only ultrasound finding. An 

acute contusion (0–48 h) appears ill defined with 
irregular margins and marked echogenic swelling 
of the fascicles and entire muscle (Aspelin et al. 
1992). MR imaging also demonstrates oedema 
and mixed intrinsic signal as the blood products 
develop. In anterior snapping hip an intrinsic 
cause of muscle contusion oedema at the psoas 
may be found (Fig. 24).

3.1.2.2 Muscle Haematoma
Intramuscular haematoma is a frequent finding in 
patients with athletic crush muscle injures. 
Haematomas are usually identifiable on ultra-
sound within a few hours of injury, or sooner in 
some cases. The timing of ultrasound examina-
tion of muscle injury is ideally between 2 and 
48  h after trauma. More serious compressive 
injuries result in typical haematoma formation, a 
confined collection of blood; this wedges the 
muscle fibres away and gives the clinical impres-
sion of a mass; fibre rupture is not predominant in 
crush trauma (Figs. 25 and 26). It may cross apo-
neurotic boundaries representing the demarca-
tion of the impact (Van Holsbeeck and Introcaso 
2001; Robinson 2004). Dynamic ultrasound 
imaging confirms that a major tear is not present 
and documents the extent of muscle damage. At 
48–72  h ultrasound appearances become better 
defined with the haematoma appearing 

a b c

Fig. 23 (a–c) Crush trauma, vastus medialis. Ultrasound 
of hyperacute haemorrhage at the vastus medialis muscle. 
(a and b) Longitudinal imaging plane, (c) axial imaging 

plane. Diffuse hyperreflective area with unsharp margins 
and without retroacoustic shadowing (dotted circle)
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hypoechoic and a clearer circumscribed echo-
genic margin which expands centrally as the 
muscle repairs (Van Holsbeeck and Introcaso 
2001; Robinson 2004). The content of the cir-
cumscribed lesion may be liquefied, mixed with 
areas of liquefaction and coagulated blood.

MR imaging also demonstrates these changes 
although the degree of adjacent muscle and soft 
tissue oedema can persist for some time.

MRI criteria for diagnosing intramuscular 
blood, whether haematoma or infiltrating haem-

orrhage, have been confusing. Blood degrades 
with time, resulting in changed signal character-
istics. Thus, the age of a blood collection deter-
mines its signal characteristics on MRI (Fig. 27). 
Signal characteristics also vary with field 
strength. All haemoglobin compounds occurring 
in a muscular haematoma are paramagnetic 
except oxyhaemoglobin. Methaemoglobin is the 
only haemoglobin breakdown product encoun-
tered in a haematoma which is capable of signifi-
cant T1 shortening by this mechanism. 

a b

c d

Fig. 24 (a–d) Anterior snapping hip. (a and b) Axial fat- 
suppressed TSE intermediate TE, (c and d) sagittal fat- 
suppressed TSE intermediate TE Prolonged T2-releaxation 

time due to oedema at the musculotendinous junction of 
the psoas muscle (region of the lacuna musculorum and 
hip joint capsule (dotted circles))
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a b c

Fig. 25 (a and b) Right gluteus maximus haematoma, 
subacute phase. (a) Longitudinal ultrasound image of the 
buttock shows non homogeneous hypoechoic organising 

haematoma predominantly involving the gluteus maxi-
mus. (b) Axial imaging plane

a b

c

Fig. 26 (a–c) Ultrasound of subacute haematoma at the 
vastus medialis of the quadriceps. (a) Axial extended field 
of view. (b) Axial imaging plane. (c) Longitudinal imag-
ing plane. Hypoechoic unsharp delineated collection 

wedging away muscle fibres. Surrounded with hyperre-
flective infiltrated area with transverse diameter 3 cm. No 
ruptured muscle fibres are visualised
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Haemosiderin, intracellular deoxyhaemoglobin, 
and intracellular methaemoglobin all cause T2 
shortening. In the case of intracellular deoxyhae-
moglobin and intracellular methaemoglobin, this 
effect is of importance only at high field strengths. 
The simultaneous presence of many haemoglo-
bin breakdown products in a haematoma can 
result in very complex-appearing masses on 
MRI, but the recognition of the T1 shortening of 
methaemoglobin and/or the T2 shortening of 
haemosiderin can often suggest the diagnosis 
(Bush 2000).

Typically an intramuscular haematoma 
resorbs spontaneously over a period of 6–8 weeks, 
but on rare occasions it may persist for a long 
time as a seroma or cystic haematoma (Fig. 28a).

3.1.2.3 Morel Lavallée Effusions/Closed 
Deglovements
Morel Lavallée effusions are the result of the skin 
and subcutaneous fatty tissue abruptly separating 
from the underlying fascia. They are particularly 

common in the trochanteric region and proximal 
thigh, where they have been specifically referred to 
as Morel-Lavallée lesions. In this region, the der-
mis contains a rich vascular plexus that pierces the 
fascia lata. The disrupted capillaries and/or lymph 
vessels may continuously drain into the perifascial 
plane, filling up the virtual cavity with blood, 
lymph and debris. An inflammatory reaction com-
monly creates a peripheral capsule, which may 
account for the self-perpetuation and occasional 
slow growth of the process (Mellado et al. 2004).

Ultrasound is the primary technique to depict 
Morel-Lavallée lesions. In the acute stage diffuse 
hyporeflective fluid infiltration between subcuta-
neous fat lobules and the superficial muscle fas-
cia is depicted (Fig.  29). In this stage 
ultrasound-guided aspiration is easily performed. 
The patient is treated after evacuation, before 
standing up, with elastic bandage. In the chronic 
stage a secreting wall has formed, in this stage 
evacuation is successful but generally not perma-
nent (Fig. 30a–d).

Three different MR presentations of Morel- 
Lavallée effusions are discriminated. They may 
present with cyst-like, haematoma-like at the 
methaemoglobin degradation phase and 
haematoma- like with haemosiderotic wall and 
capillary ingrowth. Long-standing Morel- 
Lavallée lesions may present cyst-like MRI signal 
characteristics correlated with encapsulated sero-
sanguinous fluid or seroma. The lesions appear 
homogeneously hypointense on T1-weighted MR 
sequences, hyperintense on T2-weighted MR 
sequences and are partially surrounded by a 
peripheral ring that appears hypointense on all 
pulse sequences (Figs. 30e–g and 31a–d).

Morel-Lavallée lesions may also show homo-
geneous hyperintensity on both T1- and 
T2-weighted MR sequences and appear sur-
rounded by a hypointense peripheral ring. This 
T1 signal-intensity behaviour is probably related 
to the existence of methaemoglobin, characteris-
tic of subacute haematomas (Fig.  32a–d). 

Fig. 27 MRI of subacute haematoma (<30 days) at the 
vastus intermedius. Axial T2-WI with FS shows homoge-
neous high SI at the haematoma
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a

b

Fig. 28 (a and b) Male soccer player. Residual pain dur-
ing play, palpable soft tissue mass at the thigh. Ultrasound, 
radiography 4 months after crush trauma at the left upper 
leg demonstrating myositis ossificans and seroma at the 
vastus intermedius muscle. (a) Ultrasound longitudinal 
(left) and axial (middle and right) images of the thigh. 
Hyperreflective irregular ossification with posterior 

acoustic shadowing at the vastus intermedius adjacent to 
the femur diaphysis. Superficial to this area a hyporeflec-
tive seroma is shown (between crosses) that wedges away 
muscle fibres. (b) Radiograph, AP and lateral view, 
obtained on the same day demonstrates a massive focus of 
mature ossification: adult stage of myositis ossificans
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Methaemoglobin is first observed on the periph-
ery of subacute haematomas and produces a 
“concentric ring” sign. As the haematoma 
evolves, it becomes progressively encapsulated 
and homogeneously hyperintense on T1-weighted 
MR sequences.

Long-standing Morel-Lavallée lesions may 
also show a third MRI pattern that includes vari-
able signal intensity on T1-weighted MR images, 
heterogeneous hyperintensity on T2-weighted 
MR sequences, and a hypointense peripheral 
ring. Patchy internal enhancement and peripheral 
enhancement may also be present. The heteroge-
neous hyperintensity on T2-weighted MR 
sequences correlates with the existence of hae-

mosiderin deposition, granulation tissue, necrotic 
debris, fibrin and blood clots characteristic of 
chronic organising haematoma. The hypointense 
peripheral ring has been found to represent a 
haemosiderin- laden fibrous capsule with mild 
inflammatory infiltrate. The internal enhance-
ment after gadolinium administration on MRI 
and power Doppler signal is probably related to 
the capillary formation in the lesion. 
Differentiation of these lesions with soft tissue 
neoplasm with bleeding is difficult on MRI and 
US. In cases without a history of trauma specific 
attention is needed to avoid misdiagnosis of neo-
plasm with bleeding, i.e. synovial sarcoma, leio-
myosarcoma and malignant peripheral nerve 

Fig. 29 Ultrasound of acute Morel-Lavallée perifascial fluid at the calf. Hyporeflective fluid at the subcutaneous com-
partment infiltrating between fat lobules and the superficial muscle fascia (arrows)
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sheath tumour. Also clear cell sarcoma may pres-
ent with high SI on T1-weighted MR due to the 
presence of melanin. Every “haematoma” that 
grows with time or that not diminishes over a few 
weeks is suspect, it is examined by MRI and 
eventually biopsied prior to resection (Mellado 
et al. 2004).

3.2  Complications of Muscle 
Injury

Elongation injury and muscle contusion may 
give rise to specific complications (Table 5). The 
most frequent complication of elongation injury 
with tear and destruction of the muscular skele-

Fig. 30 Ultrasound and MRI of chronic Morel-Lavallée 
collection at the right thigh superficial to the iliotibial 
tract. A 58-year-old female with ski trauma 12 years ago. 
(a) US extended field of view, hyposonant collection with 
maximal dimension 6.4 cm. (b) US demonstrating intral-
esional fat lobules, (c) US empty cavity after evacuation, 
(d) US during evacuation with needle trajectory, (e) MRI 

coronal T1 WI, low SI collection superficial to the ilio-
tibial tract, multiple rounded high SI fat drops in the 
lesion, (f) MRI coronal intermediate TE with fat suppres-
sion, high SI collection with supressed fat signal at the 
intralesional fat drops, (g) MRI axial T2 WI, high SI 
collection

a b

c d
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ton is fibrosis (Table  5a). Fibrosis is the main 
reason for retear or recurrence of muscle tear 
(Figs.  7b, 33, 34 and 35). Muscle atrophy is a 
complication of elongation injury. Muscle hernia 
may be caused by focal destruction or weaken-
ing of the superficial muscle fascia related to 
elongation trauma or direct trauma. The main 
clinical presentation of muscle hernia is not 
acute injury but chronic compartment syndrome 
(Figs.  36–38). Muscle hernia is discussed in 
paragraph 3.9.

The major complication of muscle contusion 
with laceration is the development of myositis 
ossificans/focal myositis. A tumour-like mass 
develops within muscle, which undergoes calcifi-
cation followed by ossification (Figs. 39a, b and 
40a–d). In focal myositis the relationship to an 
actual traumatic event is often not recalled by the 
patient. It is more frequent and typical in crush 
trauma and rare in muscle elongation. In our own 
experience, the proximal musculotendinous junc-
tion of the rectus femoris is the most frequent site 

e f

g

Fig. 247.30 (continued)
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a c d

b

Fig. 31 (a–d) MRI of chronic Morel-Lavallée collection 
at the left knee and lower leg. (a) Axial T2 WI at the proxi-
mal third of the calf, (b) axial T2 WI at the knee, (c) coro-
nal T1 WI, (d) coronal intermediate TE with FS Sharp 

sickle-like collection external to the superficial muscle 
fascia with thin regular hypointense wall, homogeneous 
hyperintense on T2 and low SI on T1 indicating serous 
fluid without blood degradation components

a b c d

Fig. 32 (a–d) Six-month-old trauma of the right hip area 
in 37-year-old male patient with residual mass. MRI of 
chronic Morel-Lavallée collection superficial to the right 
iliotibial tract. (a) Coronal T2-WI FS, (b) axial T1-WI 
after IV gadolinium DTPA administration, (c) coronal 
T1-WI with FS after IV gadolinium DTPA administration, 
(d) axial T1-WI subtracted images before and after iv 
gadolinium DTPA injection. Almost homogeneous high 
SI on T2-WI with FS (a). High SI on T1-WI after gado-

linium administration. The high SI is related to blood deg-
radation products with high protein content (b and c). 
High protein content results in similar SI characteristics of 
T2 FS and T1 FS with interchangeable images. 
Enhancement is demonstrated on T1 subtracted images 
before and after gadolinium administration (d). A regular 
thick enhancing wall of the lesion but absent central 
enhancement excludes sarcoma (d)
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of myositis ossificans in muscle elongation. 
Calcification becomes apparent sooner on 
ultrasound than on radiographs and typical 

acoustic shadowing is seen in an early stage 
(Fig. 40a) (Fornage and Eftekhari 1989). The cal-
cification may develop along the plane of the 
muscle bundles (Peck and Metreweli 1988), or 
may be more irregular (Kramer et  al. 1979) 
(Fig.  39a). At early stage, the imaging appear-
ance may mimic a soft tissue sarcoma, and 
although the typical distribution of calcification 
at the periphery of myositis is different to the 
central calcification noted in tumours, it may be 
extremely difficult to make this distinction 
(Figs. 39b and 40a–d). Histological diagnosis has 
to be avoided at this stage, as an erroneous diag-
nosis of sarcoma is possible. If the diagnosis is 
unclear, it is recommended to repeat radiographs 
after an interval of a few weeks to demonstrate 

a b

c d

Fig. 33 (a–d) Fibrosis in a 38-year-old female 9 months 
after the acute elongation trauma with tennis leg at the 
right leg. (a) Right longitudinal view. (b) Right longitudi-
nal view, magnification of (a). (c) Left longitudinal view 

for comparison. (d) Right transverse view at the level of 
the dotted line in (b) hyporeflective area without striated 
aspect in the distal aspect of the medial gastrocnemius 
aponeurosis (arrows a, b and d): old fibrosis

Table 5 Complications of muscle injury in order of 
decreasing frequency

A. Indirect trauma or elongation with muscle tear
  1. Fibrosis > retear
  2. Muscle atrophy
  3. Muscle hernia
  4. Myositis ossificans (rare: Rectus femoris)
B. Direct trauma with muscle laceration
  1. Myositis ossificans/focal myositis
  2. Collection/seroma
  3. Muscle hernia
  4.  Calcific myonecrosis (in history of 

compartment syndrome with muscle necrosis)

J. L. M. A. Gielen et al.
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maturation of the calcifying/ossifying process in 
case of myositis ossificans (Fig.  28b). In some 
instances large symptomatic lesions may be 
removed surgically, which is only performed in 
case of mature bone.

In direct muscle trauma with laceration occa-
sionally intramuscular haematomas fail to resolve, 
and form chronic cysts (Table 5b). These lesions 
present on ultrasound as discrete areas of absent 
reflectivity with posterior acoustic enhancement 
(Fig. 28a), which can persist for several years and 
may be responsible for continued muscle pain.

Acute compartment syndrome may result 
from a single traumatic event, due to the presence 
of a large haematoma with mass effect. This can 
compromise vessels and nerves and lead to isch-
aemic necrosis. Especially the anterior and deep 
posterior compartment of the lower leg are at 

risk. Diffuse increased reflectivity of the muscles 
in the involved compartment may be seen in con-
junction with an overall increase in muscle 
dimension. In later stages, areas of necrosis will 
develop that appear identical to rhabdomyolysis. 
Therefore prompt evacuation of haematoma is 
indicated in patients with increased compartment 
pressure.

Percutaneous needle aspiration of haematomas 
is possible. However, there is risk of infection in 
incompletely aspirated collections of blood, 
which provide a good medium for bacteria. 
Aspiration may be used if there is severe pain, or 
in an attempt to promote early healing. Ultrasound 
provides a useful means of evaluating haematoma 
to identify features that might result in failed or 
incomplete aspiration, such as extensive locula-
tion of the haematoma during organisation.

b

c

a

Fig. 34 (a–c) Recurrent tennis leg in a 38-year-old male 
patient. Ultrasound 2.5 weeks after the acute trauma. (a) 
Longitudinal view of distal third of the medial gastrocne-
mius, (b) longitudinal view (a) with power Doppler. (c) 
Transverse view. Old fibrosis (hyporeflective area) at the 

distal aponeurosis of the medial gastrocnemius (arrows on 
a, b, c). Local reflectivity and hypervascularity at the dis-
tal MTJ of the medial gastrocnemius: area of subacute 
elongation trauma (arrowheads on b and c)
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a

c d

b

Fig. 35 (a–d) A 42-year-old male patient with history of 
old tennis leg and recurrent elongation in the soleus mus-
cle. Ultrasound 2  weeks after the acute trauma. (a) 
Longitudinal view of distal third of the medial gastrocne-
mius. (b) Longitudinal view (a) with power Doppler. (c) 
Transverse view at the level of the distal MTJ of the 
medial gastrocnemius. (d) Transverse view at the level of 

the soleus. Old fibrosis (hyporeflective area) in the area 
between the distal aponeurosis of the medial gastrocne-
mius and soleus muscle (arrows on a, b, c and d) with 
adherence of both triceps surae components continuous 
with the Achilles tendon. Local reflectivity and hypervas-
cularity at the MTJ of the soleus: area of subacute elonga-
tion trauma (arrowheads on b, cross marks on d)

a b

Fig. 36 (a and b) Muscle hernia in chronic compartment 
syndrome. (a) Patient in upright position. Longitudinal 
dynamic US with muscle activity with demonstration of 
muscle herniation at the anterior tibial muscle (arrows). 

Bulging of muscular tissue towards the subcutaneous tis-
sue is obvious during muscular contraction. (b) Coronal 
T1-WI with muscle bulging to the subcutaneous tissue at 
the level of the vitamin A pearl
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4  Ultrasound-Guided 
Aspiration of Traumatic 
Collections

In elite athletes early recovery of traumatic collec-
tions is promoted through ultrasound-guided aspira-
tion. Evacuation or aspiration of fluid collections is 
most appropriate in closed deglovement and muscle 
tear. These are serous or serosanguinous collections 
that do not show clotting. In direct muscle trauma 
with haematoma intracavity fibrinolysis of the 
blood clot with urokinase drip is often necessary. As 
a general rule, the catheter should be maintained 
until the patient is free of fever, has no infection, and 
presents less than 10  cc of drainage during three 
consecutive days (del Cura 2008).

a b

Fig. 38 (a and b) Muscle herniation at the dorsum of the 
right foot in a 36-year-old female. Direct trauma at the 
dorsum of the foot several years ago with persistent pain 
and swelling. Ultrasound examination demonstrates rent 

in the superficial muscle fascia of the extensor digiti quinti 
muscle with dimension 4.5  mm (between cross marks) 
with bulging of the muscle belly to the subcutaneous com-
partment (arrow heads)

a bFig. 39 (a and b) Focal 
myositis-myositis ossificans at 
the left vastus intermedius 
muscle, early stage. (a) Lateral 
radiograph of the femur 
diaphysis. Amorphous 
calcification at the soft tissue 
anterior to the diaphysis of the 
femur. (b) Axial CT at the mid 
third of the left leg. Ring-like 
calcification at the periphery of 
the area of muscle haematoma/
laceration. This is a 
characteristic presentation of 
early focal myositis/myositis 
ossificans and excludes sarcoma 
with haematoma

Fig. 37 Axial SE T1-weighted MRI of tibialis anterior 
muscle hernia. Bulging of tibialis anterior muscle in front 
of tibia diaphysis representing muscle hernia (arrow)
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5  Delayed Onset Muscular 
Soreness (DOMS)

Delayed onset muscular soreness (DOMS) 
Munich type 1b, a common ailment, is another 
form of muscle injury. Regardless of a person’s 

general level of fitness, nearly every healthy 
adult has experienced DOMS. Following unac-
customed muscular exertion, patients develop 
DOMS and experience a sensation of discom-
fort and pain in their skeletal muscles. For 
example, after prolonged downhill running 

a b

c d

Fig. 40 (a–d) Early (1–2 weeks after the traumatic event) 
focal myositis in vastus intermedius muscle in three dif-
ferent patients. (a) Ultrasound demonstrating early calci-
fication at the peripheral with irregular reflectivity (b and 

c) same patient. CT shows sickle-like parts of ring calcifi-
cation of peripheral calcified haematoma. (d) Radiograph 
demonstrating rim calcification (arrows)
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(eccentric muscle activity) in an experimental 
setting, athletes experienced pain in all the 
extensor and flexor muscles groups around the 
hip, thigh and leg. Structural abnormalities in 
the Z band and a rise in the serum creatine 
kinase have been described by Nurenberg et al. 
(1992). Pain increases in intensity for the first 
24 h after exercise, peaks between 24 and 72 h 
and then subsides in 5–7 days. Temporary loss 
of strength, up to 50%, can be present. The 
diminished performance results from reduced 
voluntary effort due to pain as well as reduced 
capacity of the muscle to produce force. The 
soreness is believed to be due to reversible struc-
tural damage at the cellular level. There is no 
associated long-term damage or reduced func-
tion in the muscles. Some authorities believe 
that the clinical syndrome of exertional rhabdo-
myolysis may represent a severe form of 
DOMS. US demonstrates no obvious abnormal-
ities in either stage of DOMS.

MR imaging of DOMS is very rarely 
required. Experimental studies by Shellock 
et al. (Shellock et al. 1991) showed that DOMS 
follows a consistent pattern where signal inten-
sity on T2-weighted images increases gradually 
over few days after initial eccentric exercises, 
peaks after several days, and gradually returns 

to normal over as long as 80  days. There is a 
high correlation between the increase in signal 
intensity on MR and the ultrastructural injury 
demonstrated in the Z bands. Because DOMS is 
not associated with bleeding, it is assumed that 
the MRI changes are primarily due to oedema. 
Muscle elongation and DOMS frequently have 
similar appearance, and the two clinical condi-
tions are difficult to differentiate on the basis on 
the imaging findings alone (Fleckenstein and 
Shellock 1991). Muscle elongation often 
appears less extensive or uniform in its distribu-
tion within a muscle than DOMS by MRI 
(Fig. 41).

6  Chronic Exertional 
Compartment Syndrome

6.1  Definition, Clinical 
Presentation and Diagnosis

Compartment syndrome is defined as increased 
interstitial pressure within an anatomically con-
fined compartment that interferes with neurovas-
cular function. Normal pressures within a muscle 
compartment are between 0 and 4  mmHg and 
can peak above 60 mmHg on exercise but quickly 

Fig. 41 Delayed onset muscular soreness in a 27-year- 
old female. Pain and muscle stiffness at the adductor and 
hamstrings area of both legs the day after a major water 

ski tournament. Axial T2 WI shows symmetric marked 
muscle oedema at the adductor and hamstrings muscles
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dissipate on cessation. However if this pressure 
is sustained above 15 mmHg blood flow is com-
promised and muscle ischaemia can occur 
(Zabetakis 1986).

Chronic exertional compartment syndrome 
commonly affects the anterior and deep posterior 
calf lower leg musculature (Martens et  al. 1984; 
Peterson and Renstrom 1986; Zabetakis 1986). 
Elite motocross racers are at risk to develop bilat-
eral chronic exertional compartment syndrome at 
the forearm (Gielen et al. 2009). It is thought that 
chronic traction on the muscle fascia alters its 
compliance and subsequent ability to accommo-
date volume change on exercise (Nicholas and 
Hershman 1986; Peterson and Renstrom 1986). 
The athlete usually presents with crescendo pain 
and paraesthesia after exercise which eases on 
ceasing activity and unlike popliteal artery syn-
drome is not posture dependant (Martens et  al. 
1984; Nicholas and Hershman 1986). There may 
also be muscle swelling and it is important to rule 
out an underlying muscle hernia. The diagnosis 
can sometimes be made with history alone but 
compartmental pressure measurements may be 
necessary. Pressure pre exercise of greater than 
15 mmHg, or post exercise pressure greater than 
30 mmHg at 1 min, or greater than 20 mmHg at 
5 min confirm the diagnosis (Pedowitz et al. 1990).

6.2  Imaging

Appearances on imaging can be nonspecific and 
are not always reliable in confirming the diagno-
sis (Edwards Jr et al. 2005).

On ultrasound the muscle can appear echogenic 
with relative sparing of periseptal areas which are 
still receiving sufficient blood flow from the adja-
cent fascia (Van Holsbeeck and Introcaso 2001). 
Studies evaluating muscle cross- sectional area on 
ultrasound both before and after exercise describe 
two different patterns in symptomatic patients. In 
one group the muscle compartment cannot expand 
with a relatively rigid fascia compared to normal 
subjects (where muscle volume can increase by 
10–15%). In the other symptomatic group, 
although the muscle compartment does expand 
during exercise, there is a slow reduction in vol-
ume post exercise compared to normal subjects 
(Van Holsbeeck and Introcaso 2001).

Post exercise MR imaging can show oedema 
related to eccentric muscle activity in the clini-
cally affected muscles confirming the diagnosis 
(Gielen et al. 2009) (Figs. 42 and 43). However, 
like ultrasound, this technique is not completely 
sensitive or specific with oedema being found in 
asymptomatic athletes and normal muscle 
appearances occurring in athletes with objective 

Fig. 42 Chronic compartment syndrome of right the calf. 
Running athlete with chronic exertional right leg pain. 
Axial T2-weighted fat-suppressed MR image post exer-

cise shows persisting soleus oedema (arrowheads). The 
athlete was successful treated with fasciotomy
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clinical features (Fleckenstein et  al. 1989; 
Shellock et al. 1991).

The initial treatment of chronic exertional 
compartment syndrome includes training modifi-
cations and assessment for orthotics; however, if 
symptoms persist, fasciotomy of the muscle com-
partment is performed. Morbidity can potentially 
result if there is subsequent muscle herniation or 
scarring (Van Holsbeeck and Introcaso 2001).

7  Muscle Atrophy

Muscle atrophy may be secondary to disuse, 
muscle denervation, e.g. compressive neuropa-
thy, muscle rupture or a consequence of a pri-

mary muscle disorder, e.g. muscular dystrophy. 
Varying degrees of atrophy exist and, where pos-
sible, comparison with normal muscle aids diag-
nosis as differences may be subtle. Discrepancies 
in muscle bulk may be easier to detect near the 
myotendinous junction. Atrophic muscle appears 
characteristically hyperreflective owing to the 
replacement of muscle fibres by fat (Hide et al. 
1999). It may also be possible to detect a relative 
decrease in vascularity on Doppler ultrasound, 
especially after exercise. In cases of compressive 
neuropathy, ultrasound can be a useful means of 
identifying compressive lesions and may help in 
demonstrating the pattern of involved muscle 
groups. Function loss of the motor nerve leads to 
muscle paralysis that is easily demonstrated on 

Fig. 43 Chronic compartment syndrome at the forearms 
in a 29-year-old professional motor cyclist. MRI with 
axial T2-WI performed immediately after exertion that 

provoked pain at the flexor compartments of both fore-
arms demonstrates symmetric muscle oedema at the 
flexor digitorum superficialis
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dynamic US investigation by the absence of 
motion at the muscle fibres during voluntary 
activation.

A specific cause of muscle atrophy is supra-
scapular nerve lesion resulting in weakness of the 
supraspinatus or infraspinatus muscle. It is found 
idiopathically in athletes and in relation to paral-
abral cyst with compression of the nerve at the 
level of the suprascapular notch.

Early phases of denervation present as dif-
fuse muscle oedema, in chronic phases atrophy 
with lipomatous infiltration is found, these are 
demonstrated as high SI on T2-weighted MR 
imaging and T1-weighted MR imaging 
respectively.

For further discussion of muscle atrophy, see 
also Attard et al. (2021) and Kilsdonk et al. (2021).

8  Rhabdomyolysis

Rhabdomyolysis is a condition that results in 
necrosis of skeletal muscle. The causes include 
primary muscle injury, diabetes, burns, hypoxia 
secondary to peripheral vascular disease, infec-
tion, inflammation and drugs and toxins. Early 
diagnosis is important as complications include 
acute renal failure, hyperkalaemia and dissemi-
nated intravascular coagulation.

Ultrasound usually demonstrates a heteroge-
neous echo pattern within affected muscles 
(Lamminen et  al. 1989; Fornage and Nerot 
1986). The muscle often appears diffusely 
enlarged with loss of normal fibrillar architec-
ture and thickening of the layers of perimysium. 
A hyporeflective inflammatory exudate engulfs 
necrotic muscle cells. Hyperreflective areas are 
due to gas within necrotic tissue. The aspiration 
of clear serous fluid under ultrasound guidance 
supports the diagnosis of uncomplicated 
rhabdomyolysis.

Ultrasound appearances must be interpreted in 
conjunction with clinical and haematological 
findings as similar features may be seen at ultra-
sound in cases of acute haematoma and 
pyomyositis.

9  Calcific Myonecrosis

Calcific myonecrosis is a rare, (very) late sequel 
of trauma with myonecrosis occurring almost 
exclusively in the lower extremity (anterior and 
posterior tibial compartment) which may be con-
fused with an aggressive primary neoplasm 
(Gielen et al. 2008a, b). The platelike mineralisa-
tion pattern seen on radiographs is characteristic 
but not widely recognised by clinicians 
(Holobinko et al. 2003) (Fig. 44c, d). US shows 
diffuse calcifications encompassing a complete 
muscle or muscle compartment that is avascular 
on power Doppler colour duplex US (Fig.  44a, 
b). On MRI a tumour-like but avascular mass 
with bleeding components and fibrosis is found 
(Fig. 45a–d).

10  Muscle Herniation

Muscle herniation is a relative rare condition 
which is often diagnosed clinically, although 
occasionally the symptomatology is confusing. 
Elongation trauma and blunt trauma can produce a 
rent in the fascia, allowing the underlying muscle 
to protrude. However the main clinical presenta-
tion of muscle hernia is not acute injury but 
chronic compartment syndrome. It is usually seen 
in the leg, particularly over the anterior tibial com-
partment. Muscle hernias result in masses, which 
appear on active contraction of the muscle. MRI 
or ultrasound may offer an unequivocal diagnosis 
by demonstration of the fascial rent and charac-
terisation of the protruding mass as being muscle 
tissue (Zeiss et al. 1989). Ultrasound can demon-
strate the muscle bulge and defect in the fascia 
(Figs. 36a and 38a, b). The hernia may sometimes 
be reduced by pressure with the ultrasound probe.

It may be helpful to perform the ultrasound 
and MR scanning with the herniated muscle both 
relaxed and contracted in order to demonstrate a 
change in size of the herniated portion (Figs. 36 
and 37). Muscle herniation will be discussed 
more in detail in Baur  et al. (2021) and Karantanas 
(2021).
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a

c d

b

Fig. 44 (a–d) Eighty-four-year-old male with drop foot 
after blunt trauma 15 years ago. Development of painless, 
soft swelling at the right anterior tibial compartment since 
2 months. Calcific myonecrosis of the right anterior tibial 
compartment detected. Axial (a) and longitudinal (b) 
extended field of view US images and radiographs (c and 
d), anteroposterior and lateral view, respectively). US 

reveals avascular non homogeneous hyporeflective mass 
lesion with intralesional reflective areas with acoustic 
shadowing. Radiograph shows amorphous calcifications 
with characteristic platelike aspect at the anterior tibial 
compartment. Central mass with smaller amorphous cal-
cifications. No ossified parts are seen
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11  Conclusion

The ability of ultrasound, to study muscle tissue 
through a dynamic range of movements, to com-
pare with normal structures in the contralateral 
limb, and lesion follow-up, make it a very versa-
tile tool in clinical practice. MRI represents the 
main alternative imaging modality for the study 
of muscle trauma; however despite the better soft 
tissue contrast of MRI, US is the first choice 
because of better spatial resolution with evalua-

tion of muscular ultrastructure and the still poor 
availability of MRI.

Although many muscle abnormalities share 
similar ultrasound and MRI features, imaging 
can provide an accurate diagnosis with proper 
BAC or Munich grading in many instances, when 
clinical findings are taken into account. 
Ultrasound can help confirm or exclude abnor-
mality. A “dynamic” evaluation of muscle can be 
performed with ultrasound, which may detect 
abnormalities not appreciated on MRI.

a b

c d

Fig. 45 (a–d) Calcific Myonecrosis in a 77-year-old 
patient with chronic drop foot since world war II related to 
severe contusional soccer trauma at the anterior tibial 
muscle compartment. Recent painless volume increase of 
the compartment. (a) Axial SE T1. (b) Axial SE T1 FS. (c) 
Axial T1 subtracted before and after iv gadolinium DTPA 

administration. (d) Axial TSE T2 Calcifications and fibro-
sis with low SI on all sequences. High SI on T1-weighted 
images with and without fat suppression: methaemoglo-
bin blood degradation products. No enhancement at the 
mass lesion. Necrosis of all the muscles at the anterior 
tibial compartment
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Because the majority of muscle injuries are 
self limiting US investigation is limited to delin-
eate the extent of the muscle injury in high- 
performance athletes and to evaluate lesions 
prone to complications in elongation trauma. 
This is the case in “tennis leg” and in crush 
trauma. It can be valuable for determining which 
patients will benefit from aspiration or surgery 
and which can be treated conservatively. It is 
used to provide a prompt diagnosis when rapid 
initiation of proper therapy is crucial and to eval-
uate obscure muscle pain, such as intermittent 
muscle herniation through a fascial rent. The use 
of MRI is limited to the evaluation of deeply 
located muscles and to assess the severity of 
DOMS or rhabdomyolysis.

Plain radiographs are only indicated for 
assessment of bony avulsions and to depict myo-
sitis ossificans and calcific myonecrosis.

Things to Remember

 1. Many muscle abnormalities share similar 
ultrasound and MRI features, and therefore 
clinical findings have to be taken into account 
to obtain an accurate diagnosis.

 2. US and MRI are excellent tools to evaluate 
muscle elongation in high-performance ath-
letes. US is preferred because of its dynamic 
characteristics.

 3. BAC and Munich advanced grading systems 
are comprehensive and may be used to 
predict.

 4. A negative US examination with typical clini-
cal presentation of elongation injury is diag-
nostic for BAC Grade 0a or functional muscle 
disorder Munich grade 1 elongation.

 5. US is the imaging modality of choice to eval-
uate specific locations of muscle elongation 
prone to complications, i.e. tennis leg and rec-
tus femoris elongation.

 6. Muscle contusion is studied by a combination 
of US and radiographs to exclude complica-
tions, i.e. myositis ossificans and cyst 
formation.

 7. In suspect cases hydrostatic pressure mea-
surement is the only way to exclude early 
acute compartment syndrome.
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Abstract

Cartilage injury in the athletic patient has been 
a challenge both for the clinician to treat and 
for the radiologist to image.

Continuous progress in anatomic and phys-
iologic imaging of cartilage has resulted in 
accurate depiction of deep defects and exten-
sive damage to the macromolecular structure 
of cartilage. Superficial abrasion or early dis-
ruption of ultrastructure is not seen on routine 
imaging of cartilage. Sophisticated imaging 
techniques are able to depict these early 
changes more and more accurately but remain 
too cumbersome and susceptible to imaging 
artefacts to be useful in routine imaging 
protocols.

Treatment of these cartilage lesions has 
come a long way, but the long-term results still 
leave room for improvement.

1  Basic Science

1.1  Composition, Organization 
and Function of Normal 
Articular Cartilage

1.1.1  Introduction
The articular surface of diarthrodal joints is cov-
ered by hyaline cartilage, a fibrous tissue made up 
of chondrocytes lying within an extracellular 
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matrix. This matrix is composed of tissue fluid 
containing dissolved electrolytes, gasses, small 
proteins and metabolites on the one hand and mac-
romolecules such as collagens, proteoglycans and 
noncollagenous proteins on the other. The type of 
molecule and their distribution differ depending 
on the joint and the location within the joint (Gurr 
et al. 1985; Huber et al. 2000). They also change 
with age (Bayliss and Ali 1978; Meachim 2001; 
Krajewska-Włodarczyk et al. 2018).

1.1.2  The Structure of Articular 
Cartilage

Articular cartilage can be divided into four or five 
layers (Fig. 1) depending on the differentiation of 
the superficial layer in one or two compartments 
(Imhof et al. 2002). These two layers are the lam-
ina splendens, composed of tightly packed bun-
dles of collagen arranged parallel to each other 
and a second layer, made of collagen fibres per-
pendicular to the surface (Huber et al. 2000). The 
chondrocytes in the superficial region are flat-
tened and tangential to the articular surface 

(Martinek 2003). There is a high water and low 
proteoglycan content.

The middle zone or the transitional zone con-
tains more rounded chondrocytes and the colla-
gen fibres are oriented randomly and are of 
larger diameter. Proteoglycan and glycosamino-
glycan content is higher than in the superficial 
zone. In the deep or radial region chondrocytes 
are grouped in columns and proteoglycan con-
tent is highest. This region has the lowest density 
of cells. The diameter of collagen fibrils is maxi-
mal in this region (Poole 1997). The collagen 
fibres have an overall orientation towards the 
surface and are arranged in large bundles approx-
imately 55 μm in diameter (Minns and Steven 
1977). The water content in these three layers is 
a mirror image of the proteoglycan and glycos-
aminoglycan concentration with high water con-
tent in the superficial region and low water 
content in the deep region (Huber et al. 2000).

Underneath the radial region there is the calci-
fied region, constituting approximately 5% of the 
total cartilage volume (Peterfy 2000). The two 

Lamina Splendens

Transitional region

Radial region

Calcified cartilage

Tide Mark

–Highest water and lowest PG content

–Random orientation of collagen fibers
–High water and low PG concentration

–Vertical collagen fibers
–Low water and high PG concentration
–Columns of chondrocytes

–Jigsaw interface with endplate

–Penetrating branches up to tide mark

Bony endplate

Venous sinus

Fig. 1 Schematic representation of the different layers 
within articular cartilage. Hyaline cartilage is a fibrous tis-
sue made up of chondrocytes lying within an extracellular 
matrix composed of tissue fluid containing dissolved elec-
trolytes and macromolecules such as collagen II and pro-
teoglycans. It is secured to the bony end plate in a 
jigsaw-like manner. Collagen fibrils are anchored in the 

calcified cartilage, have a largely vertical orientation in 
the radial zone and a more random orientation in the tran-
sitional zone. The top layer consists of densely packed 
collagen bundles parallel to the cartilage surface. Water 
content decreases towards the deeper regions and proteo-
glycan (PG) content increases, with the exception of the 
calcified cartilage, where no PG is found
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are separated by the tide mark, a wavy line repre-
senting the mineralized front of the calcified 
cartilage.

The calcified zone is characterized by rounded 
chondrocytes surrounded by uncalcified lacunae 
(Huber et  al. 2000). These chondrocytes have 
hardly any metabolic activity (Martinek 2003). 
There are no proteoglycans in the calcified zone. 
The collagen fibres run perpendicular to the artic-
ular surface and are anchored in a calcified 
matrix. This layer serves as a bridge between the 
upper layers of the cartilage and the subchondral 
bone.

Articular cartilage is closely connected to 
the subchondral bone plate, also called the cor-
tical end plate or the articular bone plate. It 
penetrates in the recesses of the highly irregu-
lar bone plate, somewhat like the pieces of a 
jigsaw puzzle. The subchondral bone is situ-
ated underneath the end plate and contains fatty 
bone marrow and trabecular bone. In this sub-
chondral region underneath the end plate many 
terminal arterial branches are found that end in 
a transverse sinus, located just below the end 
plate and formed by multiple venous branches 
(Imhof et al. 2000). The end plate is penetrated 
by small vascular branches originating from 
the subchondral bone region. These invade the 
calcified cartilage up to the tide mark. The dis-
tribution of these branches and the bony chan-
nels they run in is related to compressive forces 
acting on the cartilage and the subchondral 
bone. This vascularization also varies with age, 
individually and within joints. At least 50% of 
the oxygen and glucose required by the carti-
lage is supplied by these vessels (Imhof et al. 
2000).

1.1.3  Function of Cartilage
In combination with synovial fluid, the smooth 
(Bloebaum and Radley 1995) surface of articular 
cartilage serves as a gliding surface with very low 
resistance. The elasticity of cartilage has only a 
limited role in cushioning compressive forces. 
The majority of load forces (30%) are taken up 
by the subchondral bone. Hyaline cartilage 
absorbs only 1–3% of compressive forces. The 
main function of cartilage in weight-bearing is 

dissipating the loading forces to a larger area 
(Imhof et al. 2002).

1.2  Composition and Function 
of Fibrocartilage

Although hyaline cartilage provides a frictionless 
surface in diarthrodal joint, many joints also 
contain fibrocartilaginous structures. These 
structures include the meniscus in the temporo-
mandibular joint, the labrum in shoulder and hip 
joint, the triangular fibrocartilage in the wrist and 
both menisci in the knee. Occasionally, a menis-
cus can be found in the acromioclavicular joint. 
These structures have an important stabilizing 
function (Rath and Richmond 2000): a labrum 
significantly increases the surface area of the 
joint and adds to the depth of the joint socket 
(Parentis et al. 2002); menisci compensate joint 
congruency and aid in transmitting the load. The 
menisci in the knee have also been shown to 
improve lubrication and nutrition of the articular 
cartilage.

Like hyaline cartilage, a fibrocartilaginous 
structure relies on diffusion from the synovial 
fluid for an important part of its nutrition (Rijk 
2004). Most vascular branches end in the periph-
eral rim and are connected to vessels in the peri-
osteum or the joint capsule.

Fibrocartilage is made up of about 75% water, 
20% collagen and a small amount of proteogly-
can, elastin and cells. Type I collagen accounts 
for more than 90% of the total collagen present, 
but types II, III, V, and VI have also been shown 
to be present in small amounts (McDevitt and 
Webber 1990).

Most collagen fibres in a labrum or meniscus 
are arranged in a circumferential direction and 
woven together by smaller, radially oriented 
fibres. Due to this configuration, most tears tend 
to progress more or less tangentially to the free 
edge (Rath and Richmond 2000). For a more 
detailed description of the pathological condi-
tions of fibrocartilage we refer to (Schäffeler 
2020) (shoulder labrum), (Mascarenhas et al. 
2020) (hip labrum) and (De Smet et al. 2020)  
(meniscus of the knee).
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1.3  Mechanical Injury of Articular 
Cartilage: Mechanisms 
and Staging

1.3.1  Introduction
Articular cartilage injury is a common finding 
during arthroscopy (Curl et al. 1997). In the knee 
most of these injuries are associated with other 
problems, such as meniscal lesions and anterior 
cruciate ligament injury.

As there are an unknown number of people 
who sustain chondral lesions without seeking 
treatment, it is extremely difficult to uncover the 
natural progression of an untreated cartilage 
lesion. According to a number of investigators, 
many of these lesions, and especially the partial- 
thickness injuries, are non-progressive (Fuller 
and Ghadially 1972; Ghadially et  al. 1977a, b; 
Mankin 1982).

1.3.2  Mechanism of Injury
Loading of articular surfaces causes movement 
of fluid within the cartilage matrix that dampens 
and distributes the load within the cartilage and 
to the subchondral bone (Buckwalter 2002). 
Increasing weight-bearing activity in athletes 
increases the volume and thickness of articular 
cartilage (McAdams et  al. 2010) and also 
increases knee cartilage glycosaminoglycan con-
tent (Roos and Dahlberg 2005). However, this 
response reaches a threshold and activity beyond 
this threshold can result in maladaptation and 
injury of articular cartilage (Kiviranta et al. 1992; 
Arokoski et al. 1993).

If the force is great enough, the framework is 
ruptured, chondrocytes are damaged, and a 
degenerative process is initiated that can include 
loss of articular cartilage volume and decreased 
stiffness. This, in turn, will lead to elevation of 
contact pressures.

If the abnormal strain persists, the subchon-
dral bone is fractured. Acute or repetitive blunt 
joint trauma can result in damage to the subchon-
dral bone and the deeper regions of the cartilage 
without visual disruption of the surface 
(Buckwalter 2002). This damage will result in 
subchondral bone marrow oedema with or with-
out associated microfractures (Fig. 2).

Healing of these fractures will lead to micro-
callus formation and focal subchondral sclerosis 
(Fig. 3).

Severe or repetitive overloading leads to 
changes in uncalcified cartilage, such as fibrilla-
tion and production of abnormal matrix proteins. 
This initiates swelling in the deepest regions of 
the cartilage and can result in delamination of the 
articular surface if (repetitive) overloading per-
sists (Imhof et al. 2000).

Fig. 2 Bone marrow oedema in a 32-year-old profes-
sional football player after traumatic contact with an 
opponent. Sagittal fat-suppressed T2-weighted image 
shows extensive bone marrow oedema (arrowheads) with-
out disruption of the cartilage surface. Signal changes in 
the cartilages could arguably represent grade I cartilage 
damage

Fig. 3 Residual pain 2 years after bucket handle tear and 
osteochondral fracture of the medial femoral condyle. 
Coronal intermediate-weighted image shows collapse of 
the subcortical bone and subsequent sclerosis
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Repetitive microinjuries to subchondral bone 
and calcified cartilage may result in the activation 
of repair mechanisms. Increased activity of 
osteoblasts, osteoclasts and fibrovascular tissue 
results in the formation of subchondral sclerosis 
and establishment of one or more new tide marks 
(Imhof et al. 2002).

1.3.3  Staging of Cartilage Lesions
The most well-known arthroscopic staging 
method for articular cartilage is that proposed by 
Outerbridge in 1961 (Outerbridge et al. 1961) and 
modified by Shahriaree (Shahriaree 1985). Other 
systems to grade cartilage, osteoarthritis and car-
tilage repair procedures with imaging methods 
were developed, but most of these systems were 
proven to have only a moderate reproducibility 
(Mankin et al. 1971; O’Driscoll et al. 1988; van 
der Sluijs et  al. 1992; Ostergaard et  al. 1997, 
1999; Biswal et al. 2002; Cameron et al. 2003).

A practical classification system, based on the 
system of Yulish (Yulish et al. 1987) and modified 
by Disler, Recht and Verstraete (Disler et al. 1995; 
Recht et al. 1996; Kramer and Recht 2002; Verstraete 
et al. 2004), uses four grades of chondromalacia:

• 0: normal cartilage
• I: slight swelling (not adequately assessable 

on routine MR and CT imaging)
• II: fissuring or cartilage defects less than 50% 

of cartilage thickness (Fig. 4)
• III: fissuring or cartilage defects more than 

50% but less than 100% of cartilage thickness 
(Fig. 5)

• IV: cartilage defects and erosion with expo-
sure of subchondral bone (Fig. 6)

A final grade V could be added to allow for 
differentiation between full-thickness lesions 
with intact subchondral bone or with penetration 
of the bony end plate (Fig.  7). These grade V 
lesions are often associated with focal areas of 
bone marrow oedema.

A similar arthroscopic grading system was 
proposed by the members of the International 
Cartilage Repair Society (Brittberg et  al. 2000) 
and can be found on the ICRS website (http://
www.cartilage.org).

Limitations of this classification are the inabil-
ity of CT and routine MR imaging to reliably 
demonstrate early degenerative changes (Peterfy 
2000). Moreover, the size of a lesion is not taken 
into account in this classification as it is difficult 
to measure the diameter of an often irregular 
lesion.

Fig. 4 Grade II cartilage defect. Sagittal 3D proton- 
density- weighted image demonstrating a partial-thickness 
defect of less than 50% of the cartilage width

Fig. 5 Recent intracartilaginous tear in a recreational 
basketball player. Sagittal 3D proton-density-weighted 
image shows a residual basal layer of cartilage at the 
beginning of the tear. Less than 50% of the initial cartilage 
thickness remains making this a grade III lesion extending 
into a full-thickness defect further on
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A comparison between the arthroscopic and 
MR classifications of cartilage defects is given in 
Table 1.

Fig. 6 Recent cartilage defect after pivot-shift trauma. 
Coronal fat-suppressed intermediate-weighted image 
shows a grade IV cartilage lesion on the medial femoral 
condyle with acute margins (arrows)

Fig. 7 Osteochondral fracture in the patella. Transverse 
fat-suppressed intermediate-weighted image shows a 
grade V cartilage defect with disruption and indentation of 
the subchondral bone plate (arrowhead). The cartilage 
defect has been filled in with a blood clot (arrow)

Table 1 Arthroscopic and MR classification system to grade cartilage lesions

Arthroscopic classification
MR classificationOuterbridge (Shahriaree) ICRS

Grade 0 Normal Grade 0 Normal Grade 0 Normal
Grade 1 Softening or swelling Grade 1a Soft indentation Grade 1 Normal 

contour ± abnormal 
signal

Grade 1b Superficial fissures and 
cracks

Grade 2 Shallow fibrillation, 
cartilage defects (<50% 
of cartilage thickness) 
and blister like swelling

Grade 2 Lesions extending 
down to <50% of 
cartilage depth

Grade 2 Superficial fraying; 
erosion or cartilage 
defects of less than 
50%

Grade 3 Surface irregularities 
and areas of thinning 
(>50% of cartilage 
thickness)

Grade 3a Defects extending 
down >50% of cartilage 
depth

Grade 3 Partial-thickness 
defect of more than 
50% but less than 
100%Grade 3b Defects extending 

down to the calcified 
layer

Grade 3d Intracartilaginous tears/
blisters

Grade 4 Cartilage defects and 
exposure of subchondral 
bone

Grade 3c Defects down to the 
subchondral bone plate

Grade 4 Full-thickness 
cartilage loss

Grade 4a Interruption of the bony 
end plate

Grade 5 Full-thickness 
lesions with 
penetration of the 
bony end plate

Grade 4b Grade IVa with 
subcortical cyst 
formation
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2  Imaging

2.1  Imaging Articular Cartilage

2.1.1  Conventional Radiography 
and Arthrography

The overall status of the articular cartilage in a 
joint can be measured by the width of joint space. 
For the lower limbs, this is best evaluated in 
weight-bearing position. For many joints a nor-
mal range of width has been established (Keats 
and Sistrom 2001) and specific views have been 
developed to allow a better evaluation of the joint 
space.

Conventional X-ray images are very well 
suited for the evaluation of moderate or severe 
osteoarthritis, clearly depicting joint space nar-
rowing, osteophytes and the presence of degen-
erative cysts (Figs. 8 and 9).

Indications for conventional arthrography 
have diminished significantly in recent years 
due to the higher availability and accuracy of 
other diagnostic methods, particularly MR 
imaging. For imaging articular cartilage, 
arthrography without subsequent CT or MR 
imaging is no longer indicated (Resnick 2002). 
Arthrography is often combined with CT (CT 
arthrography) because this technique is not 
impeded by superposition and allows displaying 
the lesions in several planes (multiplanar recon-
struction; MPR).

Fluoroscopic guided joint puncture is still the 
most commonly used image guidance method, 
but the role of ultrasound is steadily increasing 
(Klaan et al. 2019).

2.1.2  CT Arthrography
After intra-articular administration of water- 
soluble iodine containing contrast agents (prefer-
ably non-ionic and of low osmolality) CT has a 
sensitivity and specificity comparable to MR 
imaging for detecting articular cartilage defects 
(Nishii et al. 2005; Waldt et al. 2005).

CT arthrography very well depicts surface 
lesions of cartilage (grade II–IV) in different 
imaging planes (Fig. 10).

In patients with osteochondritis dissecans the 
integrity of the cartilage and the attachment of 

the osteochondral lesion to the surrounding bone 
can be assessed with high accuracy (Fig. 11).

CT arthrography can be advantageous in small 
joints (wrist, elbow, ankle) compared to MR 
arthrography due to its higher image resolution 
(Klaan et al. 2019).

A major drawback of routine CT is its inability 
to visualize associated subchondral bone marrow 
oedema, which may be the cause of the patient’s 
pain. Dual-energy CT (DECT) in acute knee 
trauma has been shown to accurately depict trau-
matic bone marrow oedema (Booz et al. 2020). In 
CT arthrography, DECT has demonstrated the 
ability to reduce beam-hardening artefacts and 
separate contrast from cortical bone (An et  al. 
2014). However cartilage is usually the focus of 
analysis, which may be challenging to assess on 
DECT due to artefacts produced by adjacent cor-
tical bone (Subhas et  al. 2010). A limitation of 
DECT is that it is unable to evaluate BME in the 
immediate vicinity to cortical bone due to confu-
sion with the cortex (Wong et al. 2018).

Fig. 8 Coxarthrosis. Standard radiography shows an 
osteophyte at the acetabular roof (hollow arrow), a small 
degenerative cyst (white arrow), and joint space narrow-
ing (arrowheads)
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Loose (cartilaginous) bodies on the other hand 
are more easily seen on a CT arthrography.

The radiation dose of CT arthrography used to 
be another disadvantages compared to MR imag-
ing. With the advent of cone beam CT (CBCT), 
the radiation dose has been drastically reduced 
for imaging of the ankle, knee, wrist and elbow, 
to such a degree that it may be considered negli-
gible. Furthermore, advances in imaging hard-
ware now allow for weight-bearing CBCT of 
ankle, knee and hip, providing the added infor-
mation of joint alignment (Boesen et  al. 2017; 
Leardini et al. 2019).

The discomfort associated with intra-articular 
injections and the very rare potential complica-
tions associated with arthrography, such as septic 
arthritis and allergic reactions to iodine contain-
ing contrast media (Dupas et  al. 2005), remain 
drawbacks of CT arthrography.

a b

Fig. 9 (a and b) Gonarthrosis. (a) Standard AP and (b) 
PA radiographs. The PA radiograph with 30° flexion or 
“Schuss” position of the knee is used to evaluate the pos-

terior third of the weight-bearing part of the femoral con-
dyles. In this case there is marked thinning of the articular 
cartilage in this region, not visible on regular AP images

Fig. 10 Cartilage defect. Sagittal CT arthrography of the 
knee. Cartilage lesion starting with a full-thickness fissure 
anteriorly, followed by a grade II region which progresses 
to grade III posteriorly
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2.1.3  Morphologic MR Imaging 
of Cartilage

The ideal MR imaging sequence for the evalua-
tion of articular cartilage should be able to:

 1. Sharply delineate superficial and deep defects 
in the articular cartilage

 2. Display cartilage with an optimal contrast 
resolution, high spatial resolution and/or 
allow segmentation, volume calculation and 
three-dimensional (3D) display

 3. Show changes in the subchondral bone plate 
and display the exact thickness of the sub-
chondral bone plate without magnetic 
susceptibility

 4. Detect bone marrow oedema, subchondral 
cysts and granulation tissue

 5. Detect changes in the internal structure (dis-
ruption of the collagen framework) and bio-
chemical composition of articular cartilage 
(mainly depletion of proteoglycans and 
increase of water content), with high contrast 
between normal and abnormal cartilage, both 
in deep and in superficial layers

To date, either 2D or 3D intermediate- 
weighted fast spine-echo (FSE) sequences are 
still the bedrock for MR imaging of the knee 
(Kassarjian et al. 2016). In respect to cartilage the 
addition of a 3D fat-suppressed T1-weighted 
gradient- echo (GRE) acquisition combined with 
the standard FSE sequences is still the most 
widely used imaging protocol (Trattnig et  al. 
2011).

More recently developed 3D FSE sequences, 
called SPACE (sampling perfection with 
application- optimized contrasts using different 
flip-angle evolutions), 3D Fast Spin-Echo 
Extended Echo Train Acquisition (FSE-XETA, 
also known as 3D FSE-CUBE), or VISTA, may 
provide accurate evaluation of cartilage and 
 cartilage repair tissue as well as the other joint 
structures (Kijowski et  al. 2009), especially in 
postoperative imaging (Fig. 12).

FSE images with a long repetition time 
(TR ≥ 2000 ms) with or without fat suppression 
have been shown to be accurate in the detection 
of chondral abnormalities, with high sensitivity 
and specificity (Broderick et  al. 1994; Potter 
et  al. 1998; Bredella et  al. 1999; Sonin et  al. 
2002; Lang et al. 2005; Jung et al. 2009). In these 
sequences, articular cartilage shows an interme-
diate signal intensity (SI) compared to the high SI 
of the adjacent joint fluid and the low SI of the 
subchondral bone (Fig. 12).

Even in the absence of fluid, the borders of 
the cartilage are readily visible (Sonin et  al. 
2002; Lang et al. 2005). Moreover, these images 
can be obtained in a short acquisition time 
(1–5 min) with high resolution and allow simul-
taneous evaluation of other structures in the 
knee, such as menisci, ligaments and tendons. 
Therefore, in routine clinical practice, long TR 
FSE images are usually sufficient. Without fat 
suppression, the soft tissues, like menisci, ten-
dons and ligaments are well displayed, in con-
trast to fat-suppressed FSE images, which are 
better for detection of bone marrow oedema 
(Fig. 2). A fat-suppressed sequence with a long 
TR and an echo time (TE) between that of a tra-
ditional proton-density (e.g. TE = 10–20 ms) and 

Fig. 11 Osteochondral defect of the talus. Sagittal CT 
arthrography of the ankle. Fissure in the cartilage overly-
ing an osteochondral defect. The contrast medium infil-
trates between the lesion and the surrounding subchondral 
bone over a short distance
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a traditional T2-weighted sequence (e.g. 
TE = 80–100 ms) has the advantage that the TE 
is short enough to maintain sufficient signal for 
visualization of the anatomy (like a proton-den-
sity) yet long enough to be more fluid sensitive 
(like a T2-weighted image).

As relaxation times in the deepest cartilage 
layers decrease (Gold et  al. 2004), separating 
them from the subchondral bone is challenging 
for FSE sequences (Roemer et al. 2009; Kijowski 
et al. 2009). This results in an overestimation of 
the depth of a cartilage lesion. Therefore, more 
time-consuming high-resolution 3D GRE tech-
niques have to be used whenever deep cartilage 
lesions are detected on the FSE images.

Currently, isotropic 3D, gradient-echo-based 
sequences have the potential of high-resolution 
imaging with a voxel dimension as small as 
0.3  mm and can be reformatted in any plane. 
These acquisitions include SPGR (spoiled gradi-
ent echo), FLASH (fast-low angle shot), VIBE 
(volume-interpolated breath-hold examination), 
DESS (double-echo steady state), SSFP (steady- 

state free precession) and True-FISP (fast imag-
ing with steady-state precession). They provide 
higher spatial and contrast resolution but require 
longer acquisition times and are more vulnerable 
to magnetic susceptibility artefacts.

All 3D sequences allow high-quality multipla-
nar reconstructions (MPR), which are useful for 
evaluating the cartilage with images perpendicu-
lar to the curved articular surface (Fig. 13).

In fat-suppressed 3D-SPGR and FLASH-3D 
we, articular cartilage has very high signal inten-
sity, joint fluid has an intermediate to low signal 
intensity, and subchondral bone and bone marrow 
are dark. Reported sensitivity and specificity for 
detection of cartilage lesions are 75–85% and 
95–97%, respectively (Disler et  al. 1996; Recht 
et  al. 1996; Ruehm et  al. 1998; Trattnig et  al. 
2000). Deep cartilage layers and focal loss of tra-
becular bone is much better appreciated on 3D-fat-
suppressed GRE images than on FSE images.

Moreover, thin-section volume acquisitions 
allow segmentation and accurate 3D reconstruc-
tions of articular cartilage (Fig. 14).

a b

Fig. 12 (a and b) Chronic grade IV cartilage defect in a 
40-year-old recreational football player with previous 
meniscectomy, high tibial osteotomy and ACL repair 
(arrowheads). (a) Sagittal 3D proton-density-weighted 
image, in this case a sampling perfection with application- 
optimized contrasts using different flip-angle evolutions 

(SPACE), demonstrates a long-standing full-thickness 
cartilage lesion with obtuse edges (arrow). Both the con-
tour and the signal of the cartilage remain clearly visible 
despite the presence of metal artefact. (b) On the sagittal 
fat-suppressed intermediate-weighted image some distor-
tion of the spectral fat suppression is visible

W. C. J. Huysse and K. L. Verstraete



79

a b c

Fig. 13 (a–c) Type 2 lunate predisposing to osteoarthri-
tis. (a) Coronal 3D T1-weighted VIBE (volume- 
interpolated breath-hold examination) with water 
excitation (we). The 0.3 mm isotropic voxels allow flaw-

less reconstructions in the (b) transverse and (c) sagittal 
planes. Cartilage is visible as a white band between the 
dark subchondral end plate and the grey joint fluid
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a b

dc

Fig. 14 3D cartilage surface mapping in a patient with 
moderate osteoarthritis of the knee. (a) Colour-coded 
thickness map generated from fat-saturated 3D spoiled 
gradient echo (3D SPGR) sequence (voxel size 
0.3  ×  0.3  x  1  mm) demonstrating cartilage loss on the 
weight-bearing portion of the medial femoral condyle (red 

area). (b–d) 3D surface maps demonstrating (b) higher T2 
value, (c) higher T1ρ value and (d) increased gadolinium 
diffusion in the affected area on the medial condyle. 
[Courtesy of James W.  MacKay and Tom D.  Turmezei 
(MacKay et al. 2019)]
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However, quantification of cartilage volume 
by manually summing the voxels containing car-
tilage using 3D imaging techniques is relatively 
time-consuming. Automated methods for seg-
mentation are becoming available to make this 
tool valuable in routine daily practice (Boesen 
et al. 2017; Gatti 2018).

In the 3D-DESS sequence without fat sup-
pression or water excitation (Fig. 15), the carti-
lage has intermediate signal intensity, but is well 
delineated because joint fluid exhibits very high 
signal intensity.

If there is not enough fluid present within the 
joint, delineation of cartilage may become prob-
lematic. Due to the intermediate signal intensity 
of cartilage, segmentation for volume measure-
ments is not possible. The 3D-DESS sequence 
allows high-quality multiplanar reconstructions 
(MPR) and provides T1 contrast in the soft tis-
sues. Therefore, it allows better visualization of 
menisci, muscles, ligaments and tendons than 
fat-suppressed 3D-SPGR (FLASH-3D we; 
DESS-3D we) that can only be used to evaluate 
the cartilage, because all other tissues are dark, 
and contrast is low.

Another drawback of the 3D GRE sequences 
is the significant image artefacts, which are much 
more pronounced than those on FSE images and 
tend to result in overestimation of cartilage dis-
ease (Lang et al. 2005) (Table 2).

Post-traumatic, early cartilage degeneration 
(grade 1) or focal cartilage contusion cannot be 
reliably demonstrated using any of these sequences.

2.1.4  Physiologic Imaging 
of Articular Cartilage

To evaluate early changes in water content, col-
lagen structure or proteoglycan concentration 
compositional, physiological or biochemical MR 
imaging is needed.

2.1.4.1 dGEMRIC
Delayed gadolinium enhanced MRI of cartilage 
relies on the principle of fixed charge density. 

Fig. 15 Normal cartilage in a wrist joint with type 2 
lunate predisposing to osteoarthritis. Coronal DESSwe 
3D image. Cartilage is visible as a thin grey layer between 
the black bony end plate and white joint fluid

Table 2 MR methods for evaluation of cartilage

Pulse sequences for routine clinical MR imaging of cartilage
Pulse sequence Signal of articular cartilage and fluid Remarks
Proton-density- and T2-weighted 
fast spin-echo ± fat suppression

Articular cartilage has a lower SI 
than fluid

Other joint structures readily visible

Fat-suppressed T1-weighted spoiled 
gradient echo; fat- suppressed 3D 
spoiled gradient echo/FLASH-3D 
we/3D-T1-FFE WATSc

Articular cartilage has a very high 
SI; fluid has low SI

High resolution and contrast; MPR 
possible; assessment of other joint 
structures not possible

DESS-3D Cartilage has intermediate SI; joint 
fluid has a very high SI

High resolution and contrast; MPR 
possible; other joint structures 
readily visible

DESS-3D we Cartilage has intermediate SI; joint 
fluid has a very high SI

High resolution and contrast; MPR 
possible; assessment of other joint 
structures possible
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Ions in the extracellular fluid are distributed in 
relation to the concentration of negatively charged 
glycosaminoglycans in cartilage. Accordingly, 
extracellular fluid has a lower concentration of 
anions and higher concentration of cations than 
are present in blood or synovial fluid. The differ-
ence between anion and cation concentrations in 
extracellular fluid is equal to the fixed charge 
density (Gray et al. 2008). Anions such as gado-
pentetate dimeglumine (Gd-DTPA2−) are repelled 
by the negatively charged glycosaminoglycans, 
and as they diffuse into the cartilage extracellular 
matrix, they are distributed in inverse proportion 
to the local proteoglycan concentration. The 
increase of cartilage T1 after contrast agent equil-
ibration is a measure of the Gd-DTPA2− and gly-
cosaminoglycan concentrations (Trattnig et  al. 
2009) (Figs. 14 and 16).

2.1.4.2 T2 Mapping and T2* Mapping
The T2-relaxation time for a given tissue in a 
given magnetic field strength is constant. In carti-
lage, quantitative T2 mapping has been shown at 
both high-field and clinically relevant field 
strengths to correlate to collagen orientation (Xia 
et al. 2001). In native hyaline cartilage, there is a 
depth-wise variation of T2 relaxation times with 

shorter T2 values in the deeper, radial zone, 
where the collagen is highly ordered, and longer 
values in the transitional zone because of less 
organization of the collagen (Trattnig et al. 2011).

Changes in T2-relaxation times are dependent 
upon the quantity of water and the integrity of the 
proteoglycan–collagen matrix (Fig. 14).

Several in  vivo studies have shown 
T2-relaxation times to correlate with collagen 
matrix and water changes (Poon and Henkelman 
1992; Mosher et al. 2000). As collagen degrada-
tion occurs, water molecule content and motion 
increases. This results in high signal intensity on 
T2-weighted images and elevated T2-relaxation 
times (Braun and Gold 2011).

T2*-weighted imaging is similar to T2-weighted 
imaging, but gradient-echo signals are used instead 
of spin-echo signals. Shorter T2*values are 
thought to represent decreased water content, 
decreased collagen content and disruption of col-
lagen fibre orientation (Bittersohl et al. 2015). The 
main advantages of T2* mapping are the reduced 
acquisition time and the possibility to acquire 
high-resolution 3D data in a reasonable acquisition 
time (Kolf et al. 2016). Main disadvantages are the 
increased sensibility to susceptibility artefacts and 
magic angle effects (Link et al. 2017).

a b

Fig. 16 (a and b) Six months after osteochondral repair 
with matrix-associated autologous stem cells and chon-
drocytes. (a) Sagittal 3D DESSwe shows adequate filling 
of the defect with a repair tissue that has the same signal 
intensity as native cartilage. However, there is increased 
signal at the interface between the implant and the native 

cartilage (arrow). (b) The T1 map produced after delayed 
gadolinium enhanced MRI of cartilage (dGEMRIC) con-
firms this is an area of decreased glycosaminoglycans and 
cartilage loss. The repair tissue itself has only slightly 
lower GAG-concentrations than native cartilage
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2.1.4.3 T1ρ Mapping
T1ρ has been shown to reflect the glycosamino-
glycan content in cartilage (Regatte et al. 2003; 
Wheaton et  al. 2004; Mosher et  al. 2011) and 
allows measurement of the interaction between 
motion-restricted water molecules and their 
extracellular environment (Li et  al. 2007). T1ρ 
measurements are also affected by the magic 
angle effect of collagen fibres in articular carti-
lage (Guermazi et al. 2015). When proteoglycan 
depletion occurs, the physiochemical interactions 
in the macromolecule environment are disrupted 
and T1ρ relaxation time increases (Braun and 
Gold 2011) (Fig. 14).

Recently a method to automatically segment 
and calculate T1ρ values in the knee cartilage 
using voxel-based relaxometry was suggested 
(Pedoia et al. 2016).

2.1.4.4  Diffusion-Weighted and Diffusion 
Tensor Imaging

Diffusion-weighted imaging (DWI) is based on 
the motion of water molecules that is influenced 
by intracellular and extracellular barriers. When 
the extracellular matrix is disrupted, water mole-
cules move more freely, increasing the signal 
intensity of cartilage on DWI (Burstein et  al. 
1993; Baur et al. 1998).

With the use of 3D DWI cartilage repair tissue 
can be differentiated from native cartilage and the 
diffusivity seems to decrease over time towards 
control healthy cartilage (Mamisch et  al. 2008; 
Welsch et al. 2009c; Friedrich et al. 2010).

Diffusion tensor imaging (DTI) is a more 
advanced form of DWI capable of obtaining 
directionality and magnitude measurements of 
water diffusion.

Both DWI and DTI are challenging in  vivo 
due to the long echo time required for diffusion 
sensitization and the sensitivity to motion (Braun 
and Gold 2011).

2.1.4.5 Sodium Imaging
Under normal circumstances sodium (23Na+) is 
one of the cations counteracting the negative 
charge of the glycosaminoglycans in the extracel-
lular matrix. The distribution of 23Na+ can there-

fore be used as a measure of the cartilage 
glycosaminoglycan content, with cartilage dam-
age resulting in a decrease of 23Na+ concentration 
(Madelin et  al. 2014). Unsurprisingly, sodium 
imaging correlates well with dGEMRIC. The low 
concentrations of 23Na+ in cartilage and the lower 
spin frequency of the nucleus, however, make it 
difficult to elicit signal during MRI, resulting in 
noisy images and long acquisition times. The 
signal-to-noise ratio gain in 7 T MRI is particu-
larly useful for 23Na+ imaging (Alizai et al. 2019). 
An additional limitation of this technique is the 
need for special transmit and receive coils to 
accommodate the lower concentration, lower res-
onant frequency and shorter T2-relaxation times 
of 23Na+. Furthermore, the influence of sodium 
suspended in the synovial fluid has to be counter-
acted resulting in an even longer scan time and 
lower signal-to-noise ratio (Oei et al. 2018).

2.1.4.6  Magnetization Transfer  
Contrast/gagCEST

First described by Wolff et  al. back in 1991 
(Wolff et al. 1991) magnetization transfer imag-
ing may provide a quantitative method for tissue 
characterization of basic macromolecular dynam-
ics and chemistry.

The magnetization transfer effect is based on 
the interaction between the protons of unbound 
water, visible on MRI, and those of water that is 
bound to the macromolecules of the extracellular 
matrix. This has a very short T2 relaxation time 
and is therefore invisible on MRI. After satura-
tion of the magnetization of bound water mole-
cules by off-resonance or binomial pulses, the 
equilibrium is shifted to the unbound protons, 
which results in a reduction of the observable 
magnetization and, thus, in a reduction of the MR 
signal (Alizai et al. 2019).

With glycosaminoglycan Chemical Exchange 
Saturation Transfer (gagCEST) imaging, off- 
resonance radio frequent saturation pulses are 
designed specifically to saturate exchangeable 
protons residing on the hydroxyl groups of carti-
lage glycosaminoglycans. This technique corre-
lates well with 23Na+ imaging, and like 23Na+ 
imaging, it is optimally performed at ultrahigh 
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field strength (7 T) magnets (Singh et al. 2012). 
Technical challenges in MTC and gagCEST 
imaging are the reduction of motion artefacts and 
the compensation for field inhomogeneities.

2.1.4.7 Ultrashort Echo Time Imaging
Ultrashort echo time (UTE) techniques facilitate 
imaging of tissues with short transverse relax-
ation times such as deep and calcified cartilage 
layers where T2 measurements were shown to be 
unreliable (Bae et al. 2010).

With the use of echo times that are 20–50 
times shorter than conventional T2 sequences, 
high signal is acquired from tissues that typically 
produce little to no signal and increased signal 
sensitivity allows detection of layers or defects 
within the articular cartilage (Gatehouse et  al. 
2004).

Shortcomings of UTE imaging include length-
ened scan times, difficulty in slice selection and 
sensitivity to magic angle effect (Chang et  al. 
2015).

2.1.5  MR Arthrography
In small joint and joints with thinner cartilage 
like the hip, 3D SPGR sequences, even with fat 
suppression or water excitation, do not achieve 

the same specificity and sensitivity as in the knee 
(Keeney et al. 2004). MR arthrography allows a 
better delineation of the articular cartilage sur-
face and the detection of small cartilage lesions 
(Cerezal et  al. 2005a, b). As the joint distends 
after the intra-articular administration of gado-
linium solution, opposing cartilage surfaces 
become separated and more easily evaluated. The 
cartilage is also separated from surrounding tis-
sues such as the synovium and meniscal struc-
tures (Fig. 17).

In osteochondral lesions MR arthrography can 
be performed to differentiate more accurately 
between stable and unstable lesions.

MR arthrography can be performed in a direct 
or indirect manner. Direct arthrography implies 
the intra-articular injection of contrast solution 
under fluoroscopic visualization. Indirect MR 
arthrography takes advantage of the diffusion of 
contrast material from the blood vessels in the 
synovium into the synovial fluid. After 5–10 min 
of exercise, the concentration of gadolinium-base 
contrast agents in the synovial fluid is high 
enough to markedly shorten the T1-relaxation 
time of the fluid. Indirect arthrography in osteo-
chondral lesions has the advantage that contrast 
is able to enter the bone-lesion interface as opaci-
fied synovial fluid or trough diffusion from 
hypervascular granulation tissue lining the inter-
face. Both situations indicate instability. Another 
advantage is the enhancement of the extra- 
articular soft tissues and of possible hyperaemic 
sites underneath areas of cartilage contusion 
(Kramer et  al. 1992, 1994; Kramer and Recht 
2002; Recht and Kramer 2002).

The main drawback of indirect MR arthrogra-
phy is the lack of joint distension. To overcome 
this, distraction techniques have been used to 
improve discrimination of opposing cartilage 
layers (Becce et al. 2010).

2.2  Imaging of Cartilage Trauma

2.2.1  Chondral Defects
Large defects diminish joint space width, but 
conventional radiography is not accurate. MR 

Fig. 17 Grade II–III cartilage defect. Transverse fat- 
suppressed T1-weighted image after intra-articular con-
trast administration. A small tear in the glenoidal cartilage 
seen on direct MR arthrography could easily have been 
missed on unenhanced MR imaging
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imaging and CT and MR arthrography reliably 
show chondromalacia and acute chondral defects, 
but all are incapable of demonstrating grade I 
lesions.

The outline of a cartilage lesion, best seen 
after direct or indirect arthrography but also 
appreciable on unenhanced MR imaging, allows 
to differentiate between acute and more chronic 
lesions. In general, if the edges are sharp (Fig. 18) 
and the cartilaginous lesion is accompanied by 
bone marrow oedema in the subjacent bone, an 
acute lesion must be suspected. A shallow lesion 
with wide margins, a more gradual slope to its 
edges and sclerosis of the subchondral bone sug-
gest a chronic, degenerative lesion (Fig. 12).

An exception to this rule is seen in acute chon-
dral and osteochondral lesions that arise due to 
excessive shear forces. In these cases, the edges 
of the lesion are also obtuse (Fig. 19).

2.2.2  Osteochondritis Dissecans 
and Osteochondral Lesions

Preferential places for osteochondral lesions and 
osteochondritis dissecans are the femoral con-
dyles, talar dome and capitulum of humerus.

Possible aetiologies for osteochondral lesions 
in the knee are osteochondritis dissecans, post- 
traumatic osteochondral fractures or insuffi-
ciency fractures of an osteonecrotic area. 

Mechanically, these lesions are caused by repeti-
tive and prolonged overloading or a sudden com-
pressive stress of the articular surface and 
subchondral bone. These lesions can be classified 
in four stages.

Stage I lesions are stable, show no discontinu-
ity between the lesion and the surrounding bone 
and are covered by intact cartilage. Stage II 
lesions are partially detached but stable. Stage III 
lesions are completely detached and considered 
unstable but not dislocated. In stage IV lesions, 
the fragment is displaced or loose within its bed 
(Brittberg et al. 2000). A summary of the stages is 
given in Table 3.

The role of imaging is first to identify the 
lesion and secondly to differentiate between sta-
ble and unstable lesions (Fig. 20). MR imaging 
has proven most accurate in doing this (Chung 

Fig. 18 Recent cartilage defect. Sagittal CT arthrogra-
phy. Traumatic grade IV cartilage defect (arrow) showing 
straight edges. Bone marrow oedema is not visible on CT 
imaging

Fig. 19 Displaced chondral fragment in a 17-year-old 
recreational rugby player with predisposing trochlear dys-
plasia. The transverse fat-suppressed intermediate- 
weighted image shows a large cartilage defect on the 
medial patellar facet with an obtuse lateral margin (arrow). 
The displaced fragment can be seen in the medial patellar 
recess (arrowhead)

Table 3 Stages of osteochondritis dissecans

Stage I No discontinuity of bone and cartilage; 
covered by intact cartilage

Stage II Partially detached osteochondral lesion 
but stable

Stage III Completely detached osteochondral 
lesion but not dislocated

Stage IV Displaced or loose osteochondral lesion 
within its bed
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et al. 2005). MR findings indicating an unstable 
lesion are a linear high signal deep to the lesion 
on T2-weighted images (which is the most 
important finding), an articular fracture indicated 
by a high signal passing through the end plate, a 
focal osteochondral defect and a fluid-filled cyst 
more than 5  mm in diameter (De Smet et  al. 
1990; Chung et al. 2005). The presence of intra- 
articular gadolinium contrast clearly improves 
the diagnostic accuracy of MR as the contrast 
solution outlines the (osteo)chondral defect from 
the surrounding bone.

At the talar dome “osteochondral lesion of the 
talus” is the common term for lesions like osteo-
chondritis dissecans, osteochondral fractures and 
talar dome fractures. These lesions are caused by 
impaction of the dome during an inversion trauma 
and are preferentially located on the medial or 
lateral edge of the talar dome, depending on 
whether the impaction occurred during inversion 
combined with plantar flexion and external rota-
tion of the tibia or inversion and dorsiflexion of 
the foot (Cerezal et al. 2005a). The most widely 
accepted classification of the lesions is that of 
Berndt and Harty (Berndt and Harty 1959; 
Beltran and Shankman 2001). It is similar to the 
classification of osteochondritis dissecans with 

an added grade (IIa) representing cystic degen-
eration of the lesion. Like in osteochondritis dis-
secans, it is important to distinguish between 
stable and unstable lesions. A linear high signal 
on T2-weighted images between the lesion and 
native bone represents fluid or granulation tissue 
(Fig. 21). When this area of bone resorption sur-
rounding the osteochondral lesion abuts the carti-
lage, the lesion is classified as unstable. A linear 
signal of moderate intensity may represent fibro-
vascular tissue.

This is also considered as an unstable lesion, 
but healing can occur spontaneously or after a 
period of non-weight-bearing. Another criterion 
of instability is the presence of cystic degenera-
tion larger than 5 mm.

In the capitulum of the humerus, osteochon-
dral lesions are located at the anterolateral part 
and are typically seen in young baseball players 
and other throwing sports with valgus stress on 
the elbow (de Jonge et al. 2020). Aetiology, imag-
ing findings and differentiation between stable 
and unstable lesions are the same as in osteo-
chondral lesions of the talus and the femoral con-
dyle (Fig. 22). Unstable osteochondritis dissecans 
lesions have a peripheral rim of high signal inten-
sity or an underlying fluid-filled cyst on 

a b

Fig. 20 (a and b) Osteochondritis dissecans. (a) Standard 
radiograph shows typically unstable osteochondral lesions 
of the femoral condyle: a radiolucent defect with sclerotic 
margins containing at least two loose bodies. (b) Sagittal 
fat-suppressed intermediate-weighted image shows an 
osteochondral lesion with a high signal intensity area 

between the loose fragment and the femoral condyle 
(white arrow). The cartilage covering the lesion shows 
several deep fissures (arrowheads). Note bone marrow 
oedema in the unstable osteochondral lesion and in the 
surrounding femoral condyle
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T2-weighted images (Fig. 23). The main pitfall in 
MR imaging of the elbow is the pseudodefect at 
the posterior rim of the capitulum. This is caused 
by the abrupt transition between the postero- 
inferior articular surface of the capitulum and the 
nonarticulating surface of the lateral epicondyle. 
This pseudodefect is a normal finding and should 
not be mistaken for osteochondritis-like lesions 
found more anteriorly within the capitulum 
(Nakagawa et  al. 2001; Kijowski and De Smet 
2005).

2.3  Modalities for Cartilage 
Repair

As no stem cells are found within hyaline carti-
lage, intrinsic repair capabilities of cartilage are 
limited. No meaningful repair of cartilage occurs 
in partial-thickness defects. Spontaneous repair 
is initiated if the subchondral bone plate is dam-
aged and there is communication with the 

Fig. 22 Osteochondritis dissecans. Standard AP radio-
graph of the right elbow. Plain radiography readily dem-
onstrates the subcortical radiolucent area with sclerotic 
margin, typical for osteochondritis dissecans

Fig. 23 Osteochondritis dissecans. Coronal T1-weighted 
image shows a large, unstable osteochondral lesion in the 
capitulum, with fragmentation

Fig. 21 Osteochondral lesion of the talus. Coronal fat- 
suppressed intermediate-weighted image shows extensive 
cartilage loss over the osteochondral defect (arrow) and 
subchondral cyst formation surrounded by bone marrow 
oedema (arrowheads)
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subcortical marrow cavity (Shapiro et al. 1993). 
Given the poor intrinsic repair capabilities of 
adult articular cartilage, many different surgical 
repair techniques have been developed. These 
can be divided into three groups: the palliative 
(débridement or stabilization of loose articular 
cartilage), reparative (stimulation of repair from 
the subcortical bone) and restorative procedures 
(replacement of damaged cartilage).

The treatment goals of cartilage damage are 
symptom relief, improvement of joint congru-
ence by restoring the joint surface with the best 
possible tissue, and prevention of further joint 
degeneration.

The palliative procedures are lavage, débride-
ment and shaving. These procedures do not 
induce repair. Moreover, the therapeutic effects 
generally last only 1 year and are no better than 
those seen in sham surgery (Bruce Moseley et al. 
2002).

Reparative procedures take advantage of the 
intrinsic repair response after opening the sub-
chondral plate. This introduces all the vascular- 
mediated elements necessary for the classic 
healing response, such as fibrin clot, blood and 
marrow cells, cytokines, growth factors, and vas-
cular invasion (Newman 1998; Redman et  al. 
2005). The most widely used is still microfrac-
turing (Özmeriç et al. 2014) (Fig. 24), introduced 
by Steadman et  al. in 1994 (Steadman et  al. 
1997). In most cases the defect is filled with col-
lagen I rich fibrocartilage which does not resist 
compression and shear loads as predictably as 
hyaline cartilage does and is likely less durable 
over time.

The ideal patient for this type of repair proce-
dure is young, has 2–4 cm2, ICRS grade III carti-
lage lesion and a well-defined history of trauma. 
He or she is compliant with the demanding post-
operative rehabilitation protocols and does not 
have mechanical axis malalignment.

Other reparative procedures such as Pridie 
drilling and abrasion arthroplasty have gone out 
of flavour. The effects and results of these are 
similar to those of microfracturing. However, 
superiority of one of these techniques over the 
other has never been established through robust 
comprehensive comparison (Gao et al. 2018).

The restorative procedures are more numerous 
and more diverse. They can be divided into sev-
eral subgroups. First there are the soft tissue 
transplants. During these procedures perichon-
drium or periosteum is transferred to the defect 
after removal residual cartilage in the defect to 
create a full-thickness lesion and of 2–3 mm of 
subchondral bone. Periosteum is more widely 
used because it is more readily available.

Although preliminary results were encourag-
ing, with one group reporting repair tissue with a 
collagen II content of 74% (Homminga et  al. 
1990), few other groups have pursued this fur-
ther. Recently, costal cartilage was used as graft 
material (Farinelli et al. 2019). However, to date 
its therapeutic potential remains to be clearly 
defined by animal and clinical studies.

A second group encompasses all cell 
transplantation- based repair. This includes autol-
ogous chondrocyte implantation (ACI) (Fig. 25), 
allogeneic chondrocyte transplantation (ACT) 
and auto- or allogeneic stem cell transplantation 
(Fig. 16).

In later generations of this technique, the 
transplanted chondrocytes are no longer sus-
pended in fluid that is injected underneath a peri-
osteal flap but are grafted or cultured on a 
biodegradable membrane or scaffold prior to 

Fig. 24 Pridie microfracturing. Sagittal fat-suppressed 
intermediate-weighted image shows the result 6 months 
after microfracturing of a grade IV cartilage lesion on 
the weight-bearing part of the lateral femoral condyle. 
Note the irregular aspect of the subchondral bone plate 
(arrow)
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placement into the defect, e.g. matrix-induced 
ACI (MACI).

Comparative clinical studies using matrix- 
induced cultured chondrocytes in autologous 
chondrocyte implantation (MACI) (Kon et  al. 
2009) have shown some superiority over conven-
tional microfracturing under defined conditions, 
especially for medium or large defects and in 
long-term durability.

The latest evolution in this field is the addition 
of biochemical factors in the supportive scaffold 
of implanted chondrocytes in the hope of recreat-
ing the natural environment in which chondro-
genesis occurs in the body (Vega et al. 2017).

If there is failure of the repair tissue, this 
occurs almost always in the first 2 years (Peterson 
2002). In vivo, only hyaline-like repair tissue has 
been formed, without the structural or mechani-
cal properties of mature cartilage (Redman et al. 
2005).

A third subgroup includes the autologous or 
allogenous osteochondral transfers. These tech-
niques are most often used for the repair of large 
osteochondral defects. Autologous osteochondral 
plug transfer is most effective in small- to 
medium-sized full-thickness defects. For larger 

lesions several osteochondral plugs can be fitted 
in the defect or a larger allograft can be used 
(Fig. 26). In mosaicplasty, the gaps between the 
plugs are filled with fibrocartilage, reducing the 
durability of the repair.

Other drawbacks of these autologous tech-
niques are the inherent need to damage intact 
articular surface during prelevation of autologous 
osteochondral grafts (Bexkens et al. 2017) or the 
risks associated with implanting foreign tissue in 
a patient. These needs might be met by using cos-
tal osteochondral grafts (Sato et al. 2012).

2.4  Imaging Cartilage Repair

MR imaging is a good technique to evaluate car-
tilage repair by displaying thickness, edge inte-
gration, surface, subchondral bone plate and 
marrow.

The FSE sequence is more sensitive for 
assessment of the internal cartilage structure. In 
postoperative imaging, one advantage of FSE 
sequences is its low sensitivity to artefacts, which 
are suppressed by the 180° refocusing pulses of 
the FSE (Trattnig et al. 2011).

Fig. 25 Matrix-induced autologous chondrocyte implant. 
Sagittal 3D proton-density-weighted image shows com-
plete filling of the cartilage defect with irregularity of both 
the surface of the repair tissue and the subchondral bone 
plate (arrow)

Fig. 26 Allogenic osteochondral graft in a 25-year-old 
dirt bike racer after extensive damage to the knee. Sagittal 
fat-suppressed intermediate-weighted image depicts a 
large graft in the medial femoral condyle with a small step 
off at the anterior side
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After surgical cartilage repair, the repair tissue 
should ideally have the same thickness and signal 
intensity as the surrounding cartilage. 
Furthermore, it should have a smooth surface and 
the margins should be continuous with the native 
cartilage. Ideally, the subchondral bone plate 
beneath the repair tissue should be smooth and 
continuous with the adjacent end plate although 
small differences are not clinically significant. 
There should be no abnormal signal in the under-
lying bone marrow. Other valuable information is 
location and size of the repair site as this is not 
always easy to assess particularly during 
arthroscopic procedures. Magnetic resonance 
imaging is ideally suited to evaluate these vari-
ables (Brittberg and Winalski 2003; Marlovits 
et al. 2004; Brittberg et al. 2005).

When evaluating the filling of a defect, the 
result is best recorded as a percentage of the 
thickness of the surrounding, native cartilage. 
This can exceed 100% if the repair tissue is 
hypertrophic, which is often noted in the first 
months (Winalski and Minas 2000; Alparslan 
et  al. 2001; Brown et  al. 2004). If the repaired 
lesion had an osseous component, separate eval-
uation of bone and cartilage repair should be 
done.

In a majority of patients, the interface between 
native and repair cartilage is visible and can be 
seen as an interface between two regions of dif-
ferent signal intensity or as a fluid-filled fissure. 
When a clear gap is seen between repair and 
native cartilage in ACI, thorough assessment of 
the integration with subchondral bone is needed, 
as failure of the repair occurs often in both 
locations.

MR arthrography is helpful in evaluating 
detachment of the graft (Brown et al. 2004).

T1ρ has been used for longitudinal evaluation 
of microfracture repair tissue suggesting an 
increase in proteoglycan over time, remaining 
significantly lower, however, than in native carti-
lage (Theologis et al. 2012).

Quantitative T2 mapping may be used to high-
light differences between immature, disorga-
nized, and more hyaline-like repair tissue 
(Fig.  27). Differences in the T2 value of repair 
tissue have been reported depending on the repair 
technique used (Domayer et  al. 2008), the 

location of the procedure (Welsch et al. 2009b) 
and the time of follow-up (Crawford et al. 2009; 
Welsch et al. 2009a). Correlation of relative T2 
values with clinical outcome measures has also 
been reported (Domayer et al. 2008).

Of note, T2 has a poor correlation with colla-
gen content, showing no significant correlation in 
several repair models (Watanabe et al. 2009; Kim 
et al. 2010).

Similar to T2 mapping, differences in glycos-
aminoglycan concentration have been reported in 
the hyaline-like tissue using dGEMRIC depend-
ing on the repair technique used and the matura-
tion of the tissue over time (Trattnig et al. 2011; 
Guermazi et al. 2015).

While T2 mapping is superior to dGEMRIC in 
discriminating repair tissue, the latter better dif-
ferentiates between good and poor clinical out-
comes in patients with talar osteochondral lesions 
(Rehnitz et al. 2017).

When osteochondral plug transfer is per-
formed, integration and integrity of the osseous 
component should also be assessed.

The subchondral bone plate can display irreg-
ularities, subchondral cysts, especially located 
underneath the interface of native and repaired 
cartilage, and outright defects. In the early 

Fig. 27 Same patient as in Fig. 25. The T2 map colour 
overlay reveals immature repair tissue with low concen-
tration or chaotic orientation of the collagen fibres 
(arrows)
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postoperative period, bone marrow oedema is a 
common finding. This should resolve with pro-
gressive osseous incorporation, which takes 
between 6 and 14 weeks (Marlovits et al. 2004). 
Persistence of this abnormal signal after 
6–12  months may indicate graft failure and is 
associated with pain complaints. The extent of 
this oedema should be compared to the size of the 
lesion. An overview of the most important crite-
ria associated with graft failure is given in Table 4 
(Marlovits et al. 2004; Plank et al. 2005; Trattnig 
et al. 2006).

2.5  Scoring of Cartilage Repair

Two semiquantitative scoring systems for the 
knee have been published to date, although their 
use is currently limited to research purposes.

The Magnetic Resonance Observation of 
Cartilage Repair Tissue (MOCART) score was 
introduced in 2004 (Marlovits et al. 2004). It was 
based on nine pertinent variables and facilitated a 
standardized, reproducible, semiquantitative 
approach for the morphological assessment of 
cartilage repair. In 2009, the scoring system was 
updated and additional parameters were added 
based on the new information afforded by isotro-
pic voxel MRI (Welsch et al. 2009d).

In 2019, a further update was introduced result-
ing in an almost perfect interrater and intrarater 
reliability in expert readers (Schreiner et al. 2019).

Inexperienced readers have poor interreader 
reliability. However, the use of an atlas depicting 
all variables, using a native MR image next to a 
colour-coded overlay would increase the compa-
rability of results across studies.

An overview of the MOCART 2.0 score is 
given in Table 5.

Table 5 MOCART 2.0

MOCART 2.0 Knee Score: Cartilage repair tissue assessment: grading and Point Scale
Scoring

1 Volume fill of cartilage defect
1 Complete filling OR minor hypertrophy: 100–150% filling of total defect volume 20
2 Major hypertrophy ≥105% (1-2a) OR 75–99% filing of total defect volume (1-2b) 15

3 50–74% filling of total defect volume 10
4 25–49% filling of total defect volume 5
5 <25% filling of the total defect volume (1-5a) OR delamination in situ (1-5b) 0

2 Integration into adjacent cartilage
1 Complete integration 15
2 Split-like defect at repair tissue and native cartilage interface ≤2 mm 10

3 Defect at repair tissue and native cartilage interface >2 mm, but <50% of repair tissue 
circumference

5

4 Defect at repair tissue and native cartilage interface ≥50% of repair tissue circumference 0

3 Surface of the repair tissue
1 Surface intact 10
2 Surface irregular <50% of repair tissue diameter 5
3 Surface irregular ≥50% of repair tissue diameter 0

4 Structure of the repair tissue
1 Homogeneous 10
2 Inhomogeneous 0

Table 4 Signs of graft failure

Subchondral 
bone

•  Persistent bone marrow oedema 
after 8–12 months

• Subchondral cyst formation
• Extensive subchondral sclerosis
• Collapse of the bony end plate

Cartilage •  Thickness of repair tissue less than 
50% of native cartilage

•  Delamination or dislocation of 
repair tissue

•  Extensive surface damage with loss 
of more than 50% of cartilage 
thickness

W. C. J. Huysse and K. L. Verstraete
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The cartilage repair OA knee score (CROAKS) 
is the second scoring system and combines features 
of original MOCART that have been left out in the 
latest version and the MR imaging OA knee score 
(MOAKS) (Hunter et al. 2011; Roemer et al. 2014). 
The specific features outside of the repair site, 
assessed for multiple joint subregions with the 
CROAKS, include bone marrow lesions beyond the 
repair site, subchondral cysts, non-operated carti-
lage status, osteophytes, synovitis, effusion, menisci, 
and anterior and posterior cruciate ligaments.

3  Conclusion

For evaluating sports-related traumatic chondral 
and osteochondral lesions or assessing the quality 
of cartilage repair, MR imaging has long since 
become the most important diagnostic tool. In the 
future, this will become even more the case as 
experimental imaging sequences are integrated in 
routine clinical examinations. The only other imag-
ing modality that can adequately depict the articular 
surface is CT arthrography. This technique is, how-
ever, unable to demonstrate bone marrow oedema, 
an imaging finding with high clinical significance.

Things to Remember
 1. Conventional radiographs show only late 

degenerative cartilage changes but are valu-
able in the detection of osteochondral lesions.

 2. CT arthrography is excellent for detecting 
grade II, III and IV lesions

 3. MR allows good evaluation of articular carti-
lage and is the only imaging technique that 
demonstrates bone marrow oedema.

 4. MR arthrography and CT arthrography dem-
onstrate the degree of separation of a fragment 
in osteochondritis dissecans.

Box 1 Standard Radiography and CT 
Arthrography

• Radiography is well suited for the evalu-
ation of osteoarthritis and limb align-
ment but is unable to depict cartilage.

• Special views may be needed.
• CT arthrography is as accurate as MR 

but fails to demonstrate associated 
lesions and bone marrow oedema.

Table 5 (continued)

MOCART 2.0 Knee Score: Cartilage repair tissue assessment: grading and Point Scale
Scoring

5 Signal intensity of the repair tissue
1 Normal 15
2 Mildly abnormal—Mildly hyperintense (5-2a) OR mildly hypo-intense (5-2b) 10
3 Severely abnormal—Almost fluid-like signal (5-3a) OR close to subchondral bone plate signal 

(5-3b)
0

6 Bony defect or bony overgrowth
1 No bony defect or bony overgrowth 10
2 Bony defect: Depth < thickness of adjacent cartilage (6-2a) OR overgrowth <50% of adjacent 

cartilage (6-2b)
5

3 Bony defect: Depth ≥ thickness of adjacent cartilage (6-3a) OR overgrowth ≥50% of adjacent 
cartilage (6-3b)

0

7 Subchondral changes
1 No major subchondral changes 20
2 Minor oedema-like marrow signal—Maximum diameter < 50% of repair tissue diameter 15
3 Severe oedema-like marrow signal—Maximum diameter ≥ 50% of repair tissue diameter 10

4 Subchondral cyst ≥5 mm in longest diameter (7-4a) OR osteonecrosis-like signal (7-4b) 0

MOCART magnetic resonance observation of cartilage repair tissue

Cartilage Trauma
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Abstract
Tendons and ligaments may be subject to 
acute or chronic sports-related injury. This 
chapter reviews the structural properties of 
tendons and ligaments that give rise to their 
unique imaging features and account for pat-
terns of injury seen. The superb soft tissue 
contrast offered by ultrasound and MRI make 
them the most widely used imaging modalities 
for assessing tendons and ligaments, with the 
dynamic capabilities of ultrasound being par-
ticularly advantageous. We describe the 
important imaging features of normal tendons 
and ligaments and show examples of acute 
and chronic injuries. The chapter will also 
review the role radiographs and CT play in 
assessment of tendon and ligament injuries, 
particularly with reference to avulsion frac-
tures and malalignment following ligament 
rupture. In some cases arthrography may bet-
ter demonstrate the integrity of ligaments 
around a joint and this along with novel tech-
niques such as elastography and dual energy 
CT are also discussed.

1  Introduction

Tendons and ligaments are vulnerable to sports- 
related injuries by both acute high-impact 
injury, due to traumatic incidents, and by chronic 
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low- impact repetitive strain injury. Depending on 
the sport, different tendons and ligaments will be 
affected, with lower limb, weight-bearing inju-
ries prevalent in almost all sports and upper limb 
injuries more commonly in overarm sports such 
as racket and throwing sports and swimming. The 
structure of tendons and ligaments makes them 
well suited to distribute mechanical loads 
between bones (ligaments) or between bone and 
muscles (tendons) and these properties affect 
their appearance with different imaging 
modalities.

1.1  Tendons

Tendons connect muscle to bone and are of high 
tensile strength, transferring forces generated 
within the muscle to the bone. They comprise col-
lagen molecules in a triple helix structure that is 
linked by hydrogen bonds (Ramachandran and 
Chandrasekharan 1968; Rich and Crick 1955, 
1961). Collagen type I is the predominant colla-
gen in tendons, with collagen type III being the 
second most abundant. Groups of five collagen 
molecules form pentafibrils/microfibrils which 
pack together to form fibrils. Collagen fibrils are 
hierarchically organized into fibres and fascicles 
that are arranged parallel to the long axis of the 
tendon (Kastelic et  al. 1978). This structural 
arrangement leads to direction-dependency or 
‘anisotropy’ of the mechanical characteristics of 
tendons and ligaments, which is reflected in their 
imaging appearances. The orientation of the fibres 
in tendons and ligaments is also affected by the 
direction of the forces to which they are submitted 
(Wang et al. 2012). Tendons are able to adapt to 
stresses to which they are subjected and have been 
shown to undergo fibrocartilaginous metaplasia at 
the point of stress (Wren et al. 2000).

The collagen fibres are interspersed with a 
ground matrix containing proteoglycans and gly-
coproteins, forming a fibre composite (McKee 
et al. 2019). Fascicles are surrounded by connec-
tive tissue, the interfascicular matrix or endo-
tenon. Epitenon, which is continuous with the 
interfascicular matrix, covers the tendon surface. 
Tendons are further covered by loose connective 
tissue. Paratenon facilitates tendon movement in 

those tendons immediately deep to the skin, for 
example, the Achilles tendon. Tendons which 
pass over or around joints are surrounded by a 
synovial sheath to enable smooth gliding, for 
example, the peroneal tendons.

The tendon connects to the muscle at the myo-
tendinous junction where the tendon collagen 
fibres interdigitate with the muscle cell membrane 
(sarcolemma). This increases the surface area of 
the attachment to distribute the forces generated 
by the muscle (Thorpe and Screen 2016). The 
connection between the tendon and the bone takes 
place at the enthesis, which may be fibrous or 
fibrocartilaginous (Thorpe and Screen 2016).

Mature tendons do not normally have internal 
vascularity, but receive vascular supply through 
the paratenon, vincula and via the osseotendinous 
and musculotendinous junctions. The vascular 
supply of a tendon may vary along its length 
making different areas more susceptible to injury; 
for example, the critical zone of the Achilles ten-
don is the most poorly vascularized zone, approx-
imately 6 cm from the calcaneal insertion, and is 
particularly vulnerable to injury (Chen et  al. 
2009). Chronically damaged tendons undergo 
neovascularization, which may be imaged as 
indicator of tendinopathy (Jarvinen 2020).

Acute injuries may affect the myotendinous 
junction, the tendon itself or the enthesis. In chil-
dren and adolescents, apophyseal avulsion inju-
ries may occur where the weakest connection is at 
the ossification centre of the developing enthesis. 
In adults, myotendinous junction injuries are 
more common, while in older patients injuries to 
the ageing tendon become more common (Tadros 
et  al. 2018). Nucleotide polymorphisms within 
the genes encoding the proteins that form tendons 
contribute to altered propensity to injury (Brazier 
et al. 2019). Age-related changes in tendons and 
ligaments also affect response to injury (McCarthy 
and Hannafin 2014). For example, experimental 
models have demonstrated increased straightness 
of collagen fibres in old tendons (Van Gulick 
et al. 2019) and decreased water content (Ishigaki 
and Kubo 2019). Tendons may also be affected by 
drugs; for example, there is an increased risk of 
tendon rupture in patients taking fluoroquinolone 
antibiotics (Arabyat et  al. 2015) and statins 
(Deren et al. 2016; Marie et al. 2008).
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Chronic, repetitive injury or training regimes 
may result in degenerative changes in the tendon 
(tendinosis) and/or inflammation in its paratenon 
(paratenonitis) or synovial sheath (tenosynovi-
tis). The most common tendon injuries at the 
2016 Olympics included the supraspinatus, 
Achilles and patella tendons (Jarraya et al. 2018); 
however, any tendon may be affected, depending 
on the sport. Many risk factors have been identi-
fied for chronic, repetitive tendon injury includ-
ing type and volume of training, environmental 
factors, medications and intrinsic factors, such as 
age, biomechanics and adiposity (Scott et  al. 
2015). Bursae are frequently associated with ten-
dons at risk of impingement and play a protective 
role. Where no bursa exists, chronic inflamma-
tion may lead to the development of adventitial 
bursae. Inflammation and irritation of these bur-
sae leads to bursitis. Bursal inflammation may 
occur at sites of irritation, for example, retro- 
calcaneal bursitis between the calcaneus and the 
Achilles tendon insertion (Chang and Wu 2017).

1.2  Ligaments

Whereas tendons connect muscle to bone, liga-
ments connect different bones to provide stabili-
zation and distribution of mechanical forces. 
They restrict and guide movement at joints. 
Infrequently ligaments are described that connect 
bone to another ligament, for instance the tibio-
spring ligament at the ankle and radial collateral 
ligament at the elbow. Ligaments have a higher 
proteoglycan and water content compared to ten-
dons, with lower collagen content (reviewed by 
McKee et  al. (McKee et  al. 2019)). Ligaments 
may have different compositions depending on 
their mechanical properties, as recently demon-
strated for ligaments of the ankle (Rein et  al. 
2015). The internal structure of ligaments is less 
ordered than in tendons, with an interlaced, 
weaving pattern. Like tendons, ligaments are 
covered by a thin layer of external connective tis-
sue, the epiligament.

Ligaments range in size from the large cruci-
ate and collateral ligaments in the knee to tiny 
ligaments of the hands and feet. Ligament sprain 
or rupture usually results from acute traumatic 

sports injuries. The most commonly injured liga-
ments are those of the ankle and knee; however 
upper limb ligament injuries are common in 
overhead throwing athletes. Interestingly a higher 
prevalence of tendon injuries was shown in ath-
letes at the 2016 Summer Olympics compared to 
ligament injuries, although many pre-existing 
ligament injuries were demonstrated (Heiss et al. 
2019).

2  Imaging of Tendons 
and Ligaments

Ultrasound and MRI are the main imaging 
modalities for tendons and ligaments (Hodgson 
et al. 2012). However, radiographs and CT also 
have a limited role for assessing tendon/ligament 
avulsion fractures and secondary effects of ten-
don or ligament injury.

2.1  Ultrasound Imaging

Ultrasound imaging plays a key role in the diag-
nosis and treatment of ligament and tendon inju-
ries. The ability to perform point of care, real-time 
imaging with high resolution, as well as being 
able to guide intervention, means that ultrasound 
is well placed for the assessment of sports injuries 
(Hodgson et al. 2012; Allen 2018). The superfi-
cial location of the vast majority of ligaments and 
tendons means that high-frequency linear trans-
ducers (12–20 MHz) can be used to interrogate 
internal structure in superb detail. Lower fre-
quency ultrasound has better depth penetration 
but results in lower resolution images. Brightness 
mode (B mode) ultrasound delineates anatomy 
and identifies disruption of normal architecture 
with high sensitivity. Colour Doppler modes are 
used to detect changes in blood flow that occur in 
inflamed and degenerative tissue. All these attri-
butes, as well as widespread availability and rela-
tive low cost, mean that ultrasound imaging has 
become the first-line modality for the assessment 
of the majority of superficial ligament and tendon 
injuries in athletes (Baloch et al. 2018).

Due to the parallel fibre alignment in tendons, 
ultrasound appearances are of parallel echogenic 
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lines when imaging tendons longitudinally 
(Fig. 1a, c, e). When imaging in transverse, multi-
ple tiny dots are demonstrated as the fibres are 
seen in cross section (Fig. 1b, d, f). Due to their 
uniform, parallel fascicular structure, both tendons 
and ligaments demonstrate anisotropy (Robinson 

2009). When the ultrasound beam is perpendicular 
to the tendon or ligament, the structure appears 
brightest, but slight changes in insonation angle 
can produce hypoechoic areas within the tendon, 
and therefore careful positioning is necessary to 
avoid artefact. Ligaments tend to be less echo-

a b

c d

e f

Fig. 1 Ultrasound images of normal tendons with appear-
ance of parallel, hyperechoic lines when imaged longitu-
dinally and hyperechoic dots when imaged transversely. 
(a) Achilles tendon imaged longitudinally (arrow). (b) 
Achilles tendon imaged transversely (arrow). (c) 

Supraspinatus insertion imaged longitudinally (arrow). 
(d) Supraspinatus tendon imaged transversely (arrow) and 
long head of biceps tendon anteriorly (to the left). (e) 
Little finger flexor at PIPJ imaged longitudinally (arrow). 
(f) Little finger flexor imagined transversely (arrow)
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genic than tendons due their more complex fibril-
lar structure. However, when aligned to the 
collagen bundles, the parallel fibre alignment 
leads to a similar ultrasound appearance.

Doppler ultrasound utilizes the shift in fre-
quency of returning echoes to detect movement, 
and therefore is a key sonographic tool to assess 
blood flow. Colour Doppler techniques are vital 
in the assessment of inflammation and neovascu-
larization of tendons. Healthy tendons display a 
low level of vascularity (at least at a level detect-
able with current imaging techniques) and there-
fore detection of excess blood flow within a 
tendon is a useful marker of inflammation. 
Chronic injury may lead to neovascularization 
within the tendon, which can disrupt the usual 
structure, impair healing and contribute to degen-
eration (Tempfer and Traweger 2015).

Tendinosis results in tendon thickening, 
oedema (low echogenicity fluid within and sur-
rounding the tendon), and high vascularity on 

Doppler imaging (Fig.  2). Fluid is anechoic 
(black) on B-mode ultrasound and its presence 
around a ligament or tendon should always be 
viewed with suspicion. Paratenonitis appears on 
ultrasound as a thickened and oedematous 
paratenon with increased vascularity. Tendon tears 
appear as hypoechoic areas within the parallel 
hyperechoic fibres, often with focal tendon thick-
ening at the site of the tear and surrounding 
oedema. In a full-thickness tear discontinuity of 
the tendon is seen and there is usually significant 
surrounding fluid/haematoma (Fig.  3). The ends 
of the tendon are often separated due to retraction, 
but, in cases of minimal retraction or intervening 
haematoma, dynamic assessment of the tendon 
can help whether a tear is partial or full thickness.

As a caveat, recent research has shown that in 
certain athletes tendons may develop an  abnormal 
sonographic appearance despite there being no 
symptoms or functional deficit. For instance, a 
recent study found the flexor hallucis longus of 

a b c

d e

Fig. 2 Chronic tendinosis of the long head of biceps and 
proximal patella tendons. (a) Transverse image of the long 
head of biceps tendon (arrow) with surrounding peritendi-
nous fluid (*). (b) Doppler image demonstrating tenosy-
novial hypervascularity (arrow). (c) Longitudinal Doppler 
image of the long head of biceps tendinosis and tenosyno-

vitis (arrow). (d) Longitudinal image of a thickened proxi-
mal patellar tendon with reduced reflectivity (arrow) 
representing tendinosis. (e) Longitudinal Doppler image 
demonstrating proximal hypervascularity (arrow) in patel-
lar tendinosis
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asymptomatic ballet dancers to be thickened, 
despite normal appearance of the remainder of 
the tendons of the foot (Shih et  al. 2019). This 
was found to be associated with vascular com-
promise to the great toe during forced active 
plantar flexion of the ‘en pointe’ position.

The Achilles tendon is one of the most com-
monly affected tendons in sports medicine, both 
acutely and chronically (Fig. 4). It is formed from 

the tendons of the gastrocnemius and soleus, and 
passes along the posterior aspect of the ankle to 
insert into the calcaneus. Anterior to the distal 
Achilles, between the tendon and calcaneus, lies 
the retrocalcaneal bursa which may become 
inflamed in bursitis (Fig. 4c). The retro-Achilles 
bursa is seen posterior to the tendon at the same 
level. Ultrasound demonstrates the healthy 
Achilles to be a tightly packed fibrillar tendon 

Fig. 3 Ultrasound images of acute Achilles tendon rup-
ture. Achilles tendon rupture imaged longitudinally with 
proximal and distal stumps indicated by arrows and inter-

vening haematoma (+ represent calipers to measure the 
tendon gap, in this case 6 cm)

a

b c

Fig. 4 Ultrasound images of chronic Achilles tendinosis. 
(a) Longitudinal image of the Achilles tendon with fusi-
form distal thickening (arrow, C = calcaneus, S = soleus 
muscle). (b) Doppler image demonstrating hypervascular-

ity in the thickened region (arrow). (c) Retrocalcaneal bur-
sitis deep to the Achilles tendon (arrow, A  =  Achilles 
tendon, C = calcaneus)
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surrounded by a paratenon with no appreciable 
Doppler signal and a straight or concave anterior 
border. As this tendon is placed under consider-
able strain during exercise, injury due to chronic 
use or acute trauma is common in athletes. 
Imaging findings follow the same patterns as 
most other tendons, with thickening (loss of con-
cavity of the anterior border), increased Doppler 
signal and hypoechoicity seen on ultrasound in 
cases of tendinopathy (Fig. 4a, b). Doppler ultra-
sound may be used to track healing of the injured 
Achilles tendon (Liu et al. 2017). Paratenonitis is 
also appreciated with ultrasound as thickening of 
the hypoechoic layer that surrounds the tendon. 
Tears may be partial or complete, and most com-
monly occur in a region approximately 5  cm 
from the calcaneus (Thevendran et al. 2013). In 
the case of a complete tear, ultrasound can be 
used to determine the site of the injury and length 
of separation of the tendon, both important in 
guiding management (Fig. 3a).

The real-time nature of ultrasound allows 
dynamic imaging of ligaments and tendons, 
enabling the assessment of function. 
Sonopalpation may be used to identify anatomi-
cal landmarks and abnormalities at the site of 
maximum pain, for example, in the assessment of 
intersection syndromes at the wrist (Draghi and 
Bortolotto 2014) and in assessment of greater 
trochanteric pain syndrome (Chowdhury et  al. 
2014). The patient may be asked to move into a 
position to optimize imaging of individual ten-
dons, for example, the tendons of the four rotator 
cuff muscles are best imaged with the shoulder in 
specific positions to optimize their assessment 
(Lee et  al. 2016). Features of subacromial 
impingement may be elicited during dynamic 
scanning of the supraspinatus tendon as it passes 
under the acromion. Ultrasound has been found 
to be of similar diagnostic accuracy to MRI and 
MRI arthrography for characterizing rotator cuff 
tears (Roy et al. 2015).

Dynamic imaging of tendon movement and 
glide with patient movements can also be exam-
ined using ultrasound, which is helpful where 

mechanical symptoms are to be evaluated, for 
example, in the assessment of the ‘snapping hip’ 
(Lungu et al. 2018; Yen et al. 2015). External hip 
snapping occurs when the iliotibial band or glu-
teus maximus transiently impinges on the greater 
trochanter on flexion of the hip and then, when 
released, produces a snapping sound as it passes 
over the lateral facet of the greater trochanter. 
This impingement and release can be seen on 
ultrasound. Iliopsoas snapping is most commonly 
due to flicking of the iliopsoas tendon around the 
iliacus muscle (Deslandes et  al. 2008). Again, 
dynamic ultrasound with the patient flexing, 
externally rotating and then extending their hip in 
a circling motion may demonstrate the abnormal 
iliopsoas tendon motion.

Ultrasound is also a key tool for the dynamic 
assessment of ligaments, as mechanical integrity 
can be assessed by stressing the joint while imag-
ing the ligament of interest. For example, the 
anterior talofibular ligament (ATFL) is one of the 
most commonly injured ankle ligaments, and 
damage is a leading cause of ankle instability. 
Ultrasound of the ligament with the foot placed 
in maximal inversion and plantarflexion allows a 
detailed assessment of the ligament structure as 
well as function (Doring et al. 2018; Kristen et al. 
2019) (Fig.  5a). If the ligament does not tense 
with the foot placed in this position, ATFL injury 
can be suspected (Fig. 5b.).

Contrast-enhanced ultrasound imaging allows 
real-time assessment of blood flow by imaging 
the passage of intravenously administered micro-
bubbles through tissues. Through the use of these 
contrast agents, tendon vascularity undetectable 
by conventional Doppler techniques has been 
more readily identified, for example, in the 
Achilles tendon (Genovese et al. 2011). Detection 
of tenosynovitis may also be improved through 
the use of microbubbles, which may allow earlier 
detection of inflammation in and around the ten-
don, to enable earlier treatments and quicker 
recovery for athletes (Klauser et  al. 2010). 
Contrast-enhanced ultrasound imaging has also 
been investigated for evaluation of rotator cuff 
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tears by injection of microbubbles into the shoul-
der (Tang et  al. 2019), for the investigation of 
impingement syndrome by injection of micro-
bubbles into the subacromial bursa (Cheng et al. 
2015) and for assessing vascularity of rotator cuff 
repairs (Adler et  al. 2011). Contrast-enhanced 
ultrasound imaging in tendon/ligament injury has 
yet to be validated for clinical use; however it has 
widespread use in other areas of medical imaging 
and has been shown to have a good safety 
profile.

Ultrasound elastography is an advanced imag-
ing technique that has recently shown clinical 
promise for the evaluation of tendon and liga-
ment injuries (Domenichini et  al. 2017). There 
are several differing methods, but the  fundamental 
principle of the technique is to use ultrasound to 
quantify the stiffness of a tissue. Shear wave 

elastography produces a high-intensity pulse to 
generate shear waves that are transmitted perpen-
dicular to those used for standard B mode imag-
ing (Davis et  al. 2019; Ryu and Jeong 2017; 
Taljanovic et  al. 2017). Their transmission is 
detected and allows evaluation of the ‘shear mod-
ulus’, which is closely related to tissue stiffness. 
This technique has shown that the elasticity of 
the ruptured Achilles tendon is reduced and more 
heterogeneous compared to normal tendon (Chen 
et al. 2013). Similarly, in tendinopathy, the elas-
ticity of the tendon reduces, which is readily 
detected using the shear wave method (Aubry 
et al. 2015; Dirrichs et al. 2016) (Fig. 6). Strain 
elastography utilizes freehand transducer com-
pression to apply stress and generate a relative 
strain map of the tissue reflecting the relative 
stiffness within different areas of the tissue. 

a b

Fig. 5 Ultrasound images of normal and sprained ante-
rior talofibular ligaments (T = talus, F = lateral malleolus 
of fibula). (a) Normal, organized appearance of the ante-

rior talofibular ligament (arrow). (b) Thickened anterior 
talofibular ligament (arrows) with deep surface tearing 
(arrowheads) in keeping with partial-thickness disruption

a b

Fig. 6 Ultrasound elastography of Achilles tendinosis. 
(a) B-mode longitudinal image of the thickened Achilles 
tendon showing superficial normal fibres (arrows) and 
loss of the normal fibrillar architecture in the deeper fibres 

(*). (b) Elastography: blue represents firm tissue, red rep-
resents soft tissue. Observe that the more normal superfi-
cial fibres appear generally firm, while the deeper fibres 
showing tendinosis are of softer consistency
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Strain elastography has shown promise in 
imaging of tendinosis with good correlation with 
histological evaluation of tendinosis in cadaveric 
tissue (Klauser et al. 2013) and has been investi-
gated in evaluation of in vivo rotator cuff, patellar 
and Achilles tendinopathy (Brage et al. 2019; Ooi 
et al. 2016, 2015). While ultrasound elastography 
is not currently in widespread clinical use, the 
ability to objectively quantify changes in tendon 
stiffness may be a valuable tool in both diagnosis 
and follow-up of athletes with tendinopathy.

2.2  Magnetic Resonance Imaging 
(MRI)

MRI is a powerful tool for the imaging of tendons 
and ligaments, enabling high-resolution imaging 
of soft tissues with a wider field of view in a sin-
gle image than for ultrasound imaging (Hodgson 
et al. 2012). Once appropriate imaging protocols 
have been established, MRI is less operator 
dependent than ultrasound imaging. However 
only static images are acquired and high-quality 
imaging relies on the patient remaining still dur-
ing acquisition times of up to 4 min. Ultrasound 
allows the demonstration of the fine internal 
architecture of a tendon, showing its fibrillar 
structure, while conventional MRI shows the nor-
mal tendon to be void of signal with no internal 
architecture. However MRI is less influenced by 
the depth and orientation of the tendon and read-
ily shows tendons such as the distal insertion of 
the biceps brachii or iliopsoas which can be chal-
lenging to show on ultrasound. In most cases, the 
choice of ultrasound imaging or MRI comes 
down to a question of local availability/expertise 
and clinician/radiologist preference.

MRI is of particular use in sports-related inju-
ries of the hip, due to the deep location of the 
tendons and prevalence of tendon and myotendi-
nous injuries in young athletes, particularly the 
hip flexors and hamstring tendons (Pesquer et al. 
2016; Shabshin et al. 2005). Tears of the rectus 
femoris at the deep myotendinous junction may 
display the ‘bull’s-eye’ sign on MRI (Gyftopoulos 

et al. 2008). MRI can well demonstrate the mul-
tiple tendons of the wrist simultaneously, which 
may be particularly affected in those participat-
ing in racket sports, golf, rowing and gymnastics, 
with the first extensor compartment and extensor 
carpi ulnaris tendons most commonly affected 
(Bancroft 2013; Llopis et al. 2019). However, the 
significance of abnormal MRI findings in ten-
dons must be carefully considered and a recent 
paper reported finding features of tendinosis, par-
tial- and full-thickness rotator cuff tears in 
asymptomatic individuals (Splittgerber and Ihm 
2019).

While ultrasound has the ability to assess liga-
ments dynamically, MRI has advantages for liga-
ments where ultrasound visualization is prevented 
by overlying bone. The most frequently injured 
ligaments are those of the knee, the cruciate and 
collateral ligaments. Although the collateral liga-
ments may be imaged by ultrasound, the cruciate 
ligaments can only be reliably imaged by MRI 
due to their location in the intercondylar notch 
surrounded by bone. Many studies have demon-
strated the good correlation between MRI and 
arthroscopy findings (Ruzbarsky et  al. 2017). 
Ankle ligaments are well demonstrated by MRI 
as well as ultrasound (Perrich et al. 2009). Sports- 
related injuries of the wrist by either high- or 
low-impact sports may involve both the intrinsic 
and extrinsic ligaments and MRI arthrography 
may increase sensitivity for tears (Bancroft 
2013).

Standard musculoskeletal imaging protocols 
acquire T1-weighted images, with high signal 
intensity for fat, proteinaceous fluid, melanin and 
haemorrhage, and water-sensitive T2-weighted 
or proton density (pd) images usually with fat 
suppression (fs). Normal tendons are of low sig-
nal on T2-weighted images (Fig. 7). Ligaments 
may be of low or intermediate signal intensity 
(Fig. 8). Acute and chronic trauma may result in 
a change of fibre orientation, hydration or vascu-
larization of tendons and ligaments leading to 
change of signal intensity, size and/or shape. 
Water- sensitive sequences demonstrate fluid 
within a tendon or ligament tear and associated 
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a b

Fig. 7 MR images of normal tendons. (a) Achilles ten-
don (arrow) in longitudinal section in a sagittal proton 
density, fat-saturated pd fs image of the ankle. (b) Wrist 

tendons in transverse section in an axial pd fs image of the 
wrist. E = extensor compartments; F = flexor tendons

a b c

Fig. 8 MR images of normal ligaments. (a) Posterior cru-
ciate ligament (arrow) in a sagittal pd fs image of the 
knee. (b) Coronal pd fs image of the medial (M) and lat-

eral (L) ankle ligaments. (c) Axial pd fs image of the ankle 
showing anterior (A) and posterior (P) talofibular 
ligaments

a b c

Fig. 9 MRI of acute Achilles tendon rupture (arrow). (a) Sagittal T1. (b) Sagittal pd fs image. (c) Axial pd fs image

R. Bakewell et al.
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soft tissue oedema (Fig. 9). In chronic tendinosis 
tendons appear thickened and of increased signal 
on short and long TE imaging, for example, in the 
peroneal and Achilles tendons (Fig. 10).

Due to the nature of tendons and ligaments, 
with parallel alignment of collagen fibres and 

inter-molecular dipole-dipole proton coupling, 
ultrashort TE imaging (UTE) can be employed 
and will demonstrate signal from tendons. But 
the TE of conventional sequences is long 
compared to the normal T2 relaxation times seen 
in tendons and ligaments and they consequently 

a b

c d

Fig. 10 MRI of chronic 
peroneal and Achilles 
tendinopathy. (a and b) 
Peroneal tenosynovitis. 
(a) Sagittal pd fs and (b) 
Axial pd fs image 
showing high T2 signal 
surrounding the peroneal 
tendons (arrows) 
representing fluid and 
synovitis in the 
tenosynovial sheath. (c 
and d) Achilles 
tendinosis (arrowhead) 
and retrocalcaneal 
bursitis (arrow) shown 
on (c) Sagittal 
T1-weighted and (d) 
Sagittal pd fs images
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appear dark on conventional short and long TE 
sequences (Hodgson et  al. 2012). However, the 
signal characteristics are also dependent on the 
angle at which the collagen fibres are oriented to 
the static magnetic field. At angles approaching 
55° to Bo, tendons may appear artefactually 
bright on short TE imaging due to this so-called 
‘magic angle’ effect (Fullerton et  al. 1985; 
Fullerton and Rahal 2007). Magic angle effect 
may become problematic in tendons which 
change orientation along their course, such as the 
proximal posterior cruciate ligament in the knee, 
insertion of the patella tendon on the tibia, supra-
spinatus and the peroneal tendons as they pass 
around the lateral malleolus. Effects have 
recently been found to be underestimated by 
radiologists (Richardson et  al. 2018). Imaging 
strategies to minimize magic angle effect include 
lengthening the echo time, incorporating T2w 
imaging rather than proton density imaging 
(Ieong et al. 2018) (Fig. 11) or optimizing posi-
tioning (Horn et al. 2015).

However, the magic angle effect may also be 
utilized to increase contrast in tendons by orient-
ing the tendon appropriately to the static mag-
netic field (Bydder et  al. 2007). When tendons 

are oriented at or near the magic angle, they may 
exhibit increased signal intensity and this may 
increase sensitivity for partial ligament tears. 
Due to difficulties in controlling the orientation 
of the fibres to the magnetic field, studies have 
mainly been of cadaveric material. For example, 
a sixfold variation in signal intensity was demon-
strated for goat meniscus at different orientations 
within the magnetic field (Szeverenyi and Bydder 
2011). Research work exploiting magic angle 
imaging enhancement in a 9.4 T small bore MRI 
scanner involved development of an MRI- 
conditional robotic angle positioning platform to 
optimize magic angle imaging of sheep tendon 
(Squires et al. 2016). Further studies have inves-
tigated tendon fibre orientation in cadaveric 
human iliotibial tract (Seidel et al. 2013) and ani-
mal knees (Chappell et al. 2019).

Higher magnetic field strengths result in 
greater image resolution and higher signal:noise 
ratios. Imaging at 3 T may therefore increase sen-
sitivity and resolution compared to imaging at 
1.5 T. In 2017, the EU and US approved 7 T MRI 
for neuroradiology and musculoskeletal radiology 
applications and recent publications have demon-
strated superior resolution in traditionally chal-

a b

Fig. 11 MR images demonstrating magic angle effect in 
the supraspinatus tendon. (a) Coronal pd fs image of the 
shoulder. (b) T2 fs image of the shoulder. Artefactual high 

signal in the supraspinatus tendon (arrow) is due to magic 
angle effect on the proton density, fat-saturated image, 
improved on the T2 fs image
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lenging areas such as the finger (Juras et al. 2019; 
Laistler et  al. 2018). Ultra-high magnetic fields 
greater than 7 T are being used as research tools, 
for example, of rabbit tendons at 11.7 T (Guidetti 
et  al. 2018) and detailed images have been 
acquired to further anatomical research of the 
flexor pulleys in cadaveric toes (Tafur et al. 2015).

MRI has long entailed a trade-off between 
resolution, signal-to-noise ratio and length of 
scanning time, with imaging in multiple different 
planes. However, new 3D volume sequences 
optimize acquisition of a single data set of isotro-
pic voxels which can be reformatted into any 
plane and promising studies have been published, 
for example, imaging of the rotator cuff tendons 
(Kloth et al. 2014), ankle tendons and ligaments 
(Kalia et al. 2017) and wrist ligaments (Nozaki 
et al. 2017).

Gadolinium has minimal role in the imaging 
of tendons and ligaments although imaging post 
intra-venous gadolinium can be helpful in distin-
guishing active tenosynovitis from chronic, burnt 
out tenosynovitis. MRI arthrography may be 
helpful to demonstrate subtle injuries to small 
ligaments such as those at the wrist and elbow 
(LiMarzi et al. 2015; Magee 2015) (Fig. 12).

Functional MRI mapping the T2 and T2* 
relaxation times of tissues may be used to assess 

tissue extracellular fluid content, collagen con-
tent and organization. Originally used to assess 
cartilage, it has also been used to assess tendons, 
including the Achilles tendon and rotator cuff 
tendons (Anz et  al. 2014; Juras et  al. 2013; 
Krepkin et al. 2017).

Diffusion tensor imaging (DTI) is a specialist 
technique currently mainly used in research, 
which uses diffusion weighted imaging tech-
niques (DWI) to evaluate anisotropic structures. 
The technique was first developed for imaging of 
white matter tracts in the brain but has recently 
been used to characterize fibre organization of 
skeletal muscle and tendons (Guidetti et al. 2018; 
Wengler et  al. 2018). DTI combined with fibre 
tractography may be used to model 3D recon-
structions of tendon and ligament fibres (Chianca 
et al. 2017).

As for ultrasound imaging, MRI may be used 
to assess tissue stiffness by MR elastography. A 
challenge for the development of MR elastogra-
phy has been the design of MR-compatible vibra-
tion pads. Promising results have been published 
assessing stiffness of the rotator cuff muscles and 
this is another area of future development in 
imaging of tendons (Ito et al. 2019).

a b

Fig. 12 MRI arthrogram demonstrating tear of the radial collateral ligament complex at elbow. (a) Coronal T1 image 
post intra-articular gadolinium. (b) Coronal pd fs image post intra-articular gadolinium
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2.3  Radiographs and CT

Although invaluable for demonstrating bone 
fractures, radiographs and CT are less useful for 
demonstrating tendon and ligament injuries. 
However radiographs should always be consid-
ered as first-line imaging in acute sports injuries 
to rule out a fracture.

Radiographs and CT may be useful in acute 
sports injuries if there has been a tendon or liga-

ment avulsion. For example, avulsion of the tip of 
the proximal fibula by the conjoint tendon of the 
lateral collateral ligament and biceps femoris or 
avulsion of the tibial attachments of the cruciate 
ligaments (Gottsegen et al. 2008), or avulsion of 
the lateral corner of the medial cuneiform or 
medial aspect of the base of the second metatar-
sal by the Lisfranc ligament (Llopis et al. 2016) 
or other foot and ankle ligament avulsions 
(Fig. 13). Capsular ligament avulsion fracture or 

a b

c

Fig. 13 Lisfranc ligament avulsion poorly demonstrated by (a) radiograph but well demonstrated by (b and c) CT 
(arrows) on multiplanar reformatted images in the (b) long axis and (c) short axis
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Segond fracture may be demonstrated by radio-
graph (Fig. 14) and is usually associated with fur-
ther significant ligamentous and meniscal injury. 
Phalangeal ligament and tendon avulsions are 
also well demonstrated (Fig. 15a–c) (Cockenpot 
et al. 2016).

In children and adolescents, there should be a 
high index of suspicion for apophyseal avulsions 
which may be demonstrated by radiographs 
(Schiller et  al. 2017). For example, avulsion of 
the rectus femoris tendon from the anterior infe-
rior iliac spine is a common athletic injury in 
children, typically occurring during sports 
involving kicking, such as football/soccer 
(Serbest et al. 2015) (Fig. 15d).

CT will frequently better demonstrate avul-
sion fractures compared to radiographs due to its 
cross-sectional multiplanar nature (Fig.  13). In 
the case of posterior tibial plateau avulsions, the 
posterior cruciate ligament may be demonstrated 
attached to the fracture fragment. Alternatively, 
in the absence of a fracture, radiographs and CT 
may demonstrate secondary effects of tendon or 

ligament injury such as malalignment, for exam-
ple, in the wrist and ankle. Slender avulsion frag-
ments may be poorly demonstrated by MRI 
making it much less sensitive than radiographs, 
CT and ultrasound for avulsion injuries 
(Figs. 14–16).

CT arthrography may be performed for visual-
ization of ligaments at the wrist and elbow, for 
example, and has recently been found to be at 
least as sensitive as MR arthrography and less 
time consuming (Sonnow et al. 2019).

Dual energy CT utilizes images acquired from 
two different CT energy sources to enable sepa-
ration of different tissues and is becoming a new 
tool in musculoskeletal radiology (Hickle et  al. 
2019; Wong et al. 2018). Dual energy CT may be 
used to reduce metal artefact to improve imaging 
in patients where MRI may not be possible. There 
is also potential for enhanced assessment of ten-
dons and ligaments, the opportunities for which 
are just beginning to be explored, for example, in 
the assessment of tendon grafts following knee 
ligament reconstruction (Jeon et al. 2019).

a b

Fig. 14 Segond fracture of lateral aspect of the lateral tibial plateau. (a) Radiograph better demonstrates the fracture 
fragment (arrow) whereas (b) Coronal pd fs MRI better demonstrates the associated bone marrow oedema
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d

a b cFig. 15 Radiographs 
demonstrating tendon or 
ligament avulsion 
fractures. (a) Volar plate 
avulsion from the base 
of the proximal phalanx 
(arrow). (b) Flexor 
digitorum profundus 
avulsion at the base of 
the distal phalanx 
(arrow). (c) Extensor 
avulsion at the dorsal 
base of the distal 
phalanx (arrow). (d) 
Right anterior inferior 
iliac spine apophyseal 
avulsion (arrow) by the 
straight head of rectus 
femoris
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3  Conclusion

The unique architecture of tendons and ligaments 
enables high-resolution imaging by both ultra-
sound and MRI with secondary effects of tendon 
and ligament injury frequently demonstrated by 
radiographs and CT. Many novel imaging tech-
niques are being developed for tendon and liga-
ment imaging and are already used in the research 
arena. In the future these may become more com-
monly used in routine clinical practice.

Things to Remember
 1. The fibrillar structure of tendons and liga-

ments gives them unique imaging features, 
but also results in the specific imaging arte-
facts of magic angle effect on MRI and anisot-
ropy on ultrasound.

 2. Ultrasound is capable of high-resolution 
imaging of tendons and ligaments, with its 
dynamic capabilities being helpful in assess-
ing ligament and tendon integrity.

 3. MRI demonstrates ligaments and tendons 
well and has the advantage of imaging with a 
large field of view allowing assessment of 
adjacent structures and imaging bone.

 4. Radiographs and CT may aid assessment of 
acute injury, bone alignment and tendon/liga-
ment avulsion fractures and alignment.

 5. The most commonly injured tendons in those 
participating in sports are the Achilles, patel-
lar and supraspinatus tendons.

 6. The most commonly injured ligaments in 
those participating in sports are those of the 
knee and ankle.

a b

Fig. 16 PTFL avulsion fracture is better demonstrated by (a) CT than with (b) water-sensitive Coronal pd fs MRI 
demonstrating the associated bone marrow oedema but not well demonstrating the avulsion fracture fragment
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Abstract
This chapter discusses the value of imaging in 
the detection and follow-up of bone marrow 
edema (BME) that may occur in sports.

The use of fluid-sensitive MR sequences is 
most helpful for detection of BME, whereas 
dual-energy CT with virtual non-calcium 
images may be used as an alternative in 
patients with contraindications for MRI.

The extent of bone marrow edema reflects 
the biomechanics of trauma. Compressive 
forces between two bony structures will result 
in extensive areas of BME, whereas distrac-
tion forces provoke more subtle areas of BME 
at the insertion of supporting structures of 
joints. Analysis of the distribution of BME 
around a joint can reveal the underlying mech-
anism of trauma and may help to analyze the 
supporting structures at risk.

Plain films have no role for depiction of 
BME, but may be useful to detect avulsion 
fractures such as a Segond fracture.

1  Introduction

Macroscopically, living bone consists of compact 
bone and cancellous bone.

Cancellous bone, also designated as trabecular 
or spongy bone, is a honeycomb of large cavities 
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with an internal latticework of bars and plates 
(trabeculae).

Compact bone is usually limited to the corti-
ces of mature bones (cortical bone) and is most 
important in providing the strength of bone.

Cancellous bone lies in the inner part of the 
bone, and particularly, in case of the long bones, 
within their expanded ends (metaphyses and 
epiphyses). Cancellous bone gives additional 
strength to cortical bone and supports the bone 
marrow (Standring 2016).

Before the advent of magnetic resonance 
imaging (MRI), trauma to the trabecular bone 
was difficult to assess on radiological examina-
tions, because the overlying cortex is often intact 
(Mandalia et al. 2005). This chapter reviews bone 
marrow edema (BME) resulting from sports inju-
ries, with special emphasis on the mechanisms of 
trauma, clinical significance, and natural 
evolution.

2  Definition and Classification

“Bone bruise” was described for the first time in 
the knee by Yao and Lee in 1988 (Yao and Lee 
1988). The term “bruise” indicates the traumatic 
origin of these bone marrow changes. It was 
defined as an area of T2 hyperintensity in the 
absence of frank osseous fracture or subchon-
dral cysts. MRI examination showed intraosse-
ous hyperintense areas on fluid-sensitive 
sequences such as T2-weighted images (WI) or 
STIR and (to a lesser degree) hypo-intense on 
T1-WI, in acutely injured joints with no abnor-
malities on plain radiographs. The use of an 
intermediate TE in fat-suppressed (FS) T2-WI 
has an additional value in demonstrating under-
lying cartilage lesions. Since then the terms 
bone bruise, bone contusion, and occult fracture 
have been used interchangeably. The term 
“occult” is used when standard radiograph 
shows no osseous abnormalities in the presence 
of bone marrow edema (BME) on MRI. State-
of-the-art multidetector CT with thin multipla-
nar reconstructions may however sometimes 
detect subtle fracture lines, which are not visible 
on plain radiographs.

In addition, recent advances in CT technology 
with the use of dual-energy computed tomography 
(DECT) virtual non-calcium (VNCa) images may 
even detect fractures that are not detectable on 
bone reconstruction CT images (Reddy et  al. 
2015). Although MRI remains the preferred tech-
nique for evaluation of BME, DECT virtual non- 
calcium (VNCa) reconstructions have an almost 
equivalent accuracy in depicting BME compared 
to MRI (Booz et al. 2019). In this regard, it may 
serve as an alternative to MRI in patients with con-
traindications for MRI.  MRI, however, is better 
suited to evaluate concomitant soft-tissue damage.

Even in radiologically overt fracture lines, 
MRI is better suited to evaluate the precise extent 
of surrounding BME in the adjacent cancellous 
bone.

Several classification systems of BME have 
been proposed. Most authors agree on differenti-
ation between reticular and geographic/demar-
cated pattern. Others stress the importance of the 
location (subchondral versus at distance of joint 
space). Costa-paz et al. (2001) proposed the fol-
lowing classification (Costa-Paz et al. 2001):

• Type I: diffuse, often reticular, alterations of 
the medullary component, distant from the 
subjacent articular surface

• Type II (a and b) localized/geographic signal 
(mostly convex margins towards normal mar-
row) with contiguity to articular surface

• Type III: (slight) disruption or depression of the 
normal contour of the cortical surface/subchon-
dral lamella, often associated with type II lesion 
(small osteochondral compression fractures)

In a type II lesion compared to type I, the 
impact is more focally concentrated. Subchondral 
impaction fractures may present as marked hypo- 
intense area on T1-WI directly beneath the sub-
chondral lamella, representing focal cancellous 
impaction (possible patterns are geographic, 
crescent, and linear). Those lesions can be desig-
nated as type IIb lesions.

Multidetector CT will of course pick up the 
focal depressions/osteochondral fractures (III) 
and probably also the subchondral impactions 
(IIb).

F. M. Vanhoenacker
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3  Pathogenesis of Bone 
Marrow Edema in Sports 
Injuries

Traumatic bone marrow edema (bruise) is most 
frequent and the underlying mechanism may be 
either acute or chronic.

Variable incidences have been published but 
BME is often encountered in acute trauma.

A minority of the studies of acute injuries of 
the knee and ankle will show isolated bruising 
without associated injuries.

3.1  Acute Traumatic Lesions

BME is frequently encountered on MRI after an 
injury to the musculoskeletal system (Sanders 
et  al. 2000). These osseous injuries may result 
from several forces acting on the joint. In general, 
compressive forces versus traction forces will 
influence the extent of BME around the joint 
(Hayes et al. 1993).

3.1.1  Impaction Injuries
Focal bruise may result from direct trauma to the 
bone (Fig. 1), but often a specific pattern of bone 

marrow changes on adjacent bones occurs due to 
impaction of one bone on another.

Impaction type of BME is extensive and will 
involve a broad surface of the involved bony 
structures.

3.1.2  Avulsive Injuries
Distraction injuries are usually due to valgus, 
varus, or rotational stress on a joint, resulting in a 
small avulsion fracture related to a tendinous, 
ligamentous, or capsular attachment on the bone.

Because the cortical bone is involved rather 
than the trabecular bone, the resulting “avulsion 
BME pattern” is much less extensive than in 
impaction injuries.

Moreover, the avulsed bone fragment may 
be very difficult to detect on MRI (Fig. 2a). In 
most instances, a small avulsion is far better 
demonstrated on conventional radiographs 
(Fig. 2b) or CT.

3.1.3  Complex Patterns
In most clinical situations, this rigorous distinc-
tion between “pure impaction-type injuries” and 
“avulsive type injuries” is artificial, because 
both types will be seen in a single joint after 
acute traumatic injuries. Generally, the  impaction 

a b

Fig. 1 (a and b) Bone marrow edema (BME) due to a 
direct blow (impaction type BME) on the patella. (a) 
Sagittal T1-weighted image (WI) of the knee shows BME 
as a hypointense signal compared to the normal fatty bone 

marrow at the inferior aspect of the patella (black arrow). 
(b) BME is more conspicuous on sagittal fat-suppressed 
(FS) T2-WI (black arrow). Note also subtle pre- and 
infrapatellar soft-tissue edema
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type of bone marrow edema will be encountered 
on the entry site of the force acting on a joint, 
whereas a distraction type of bone marrow 
edema will be seen on the exit site of the force. 
Although avulsive type bone marrow edema is 
less extensive than the impaction type, the for-
mer is usually the witness of underlying liga-
mentous sprain.

These soft-tissue lesions are often less con-
spicuous than the bruises, though they are more 
important, at least in the short-term follow-up, 
for stability reasons.

Indeed, sprain of the supporting structures of 
the joint may cause instability, if not recognized 
and appropriately treated.

Moreover, BME around a joint is usually the 
result of a combination of multiple forces (and 
not of a single force), which all have a certain 
amplitude and direction. The impact of these 
forces may differ with the position of the joint at 
the moment of the trauma (e.g., degree of flexion, 
varus, valgus).

Certain combinations of forces are known to 
cause a specific injury.

Systematic analysis of the BME pattern, 
together with the associated soft-tissue changes, 
can often reveal the specific mechanism of injury.

In this regard, the pattern and distribution of 
BME represent a “footprint” of the mechanism of 
acute trauma (Sanders et  al. 2000; Rios et  al. 
2011).

In the knee for example, classic patterns which 
are encountered in sports injuries are the pivot 
shift injury (Figs. 3 and 4) (Kijowski et al. 2014), 
hyperextension injury (Fig.  5), clip injury 
(Fig. 6), dashboard injury (Fig. 7), and (transient) 
lateral patellar dislocation (Fig. 8) (Vanhoenacker 
and Snoeckx 2007).

Pivot shift injury which occurs when valgus 
load is applied to the knee in various states of 
flexion, combined with external rotation of the 
tibia or internal rotation of the femur, will result 
in disruption of ACL. Resultant anterior sublux-
ation of the tibia will cause impaction of the lat-
eral femoral condyle against the posterolateral 
margin of the lateral tibial plateau. Therefore, 
BME will be present in the posterior aspect of the 
lateral tibial plateau and the middle portion of the 

a b

Fig. 2 (a and b) Typical example of an avulsion fracture 
and associated BME (avulsion-type BME). (a) Coronal 
FS T2-WI of the right knee shows only minor focal BME 
at the lateral aspect of the tibia (black asterisk). The bony 
avulsion fracture is difficult to distinguish from the adja-

cent ligamentous structures (black arrow). (b) Standard 
radiograph clearly shows an avulsion fracture (black 
arrow) at the insertion of the anterolateral ligament 
(Segond fracture)
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cba

Fig. 3 (a–c) Pivot shift injury of the right knee due to a 
combination of external rotation of the tibia, valgus stress, 
and flexion. These maneuvers stress the anterior cruciate 
ligament (ACL), which is prone to rupture. (a) Midsagittal 
FS T2-WI shows disruption of the ACL (white arrow). (b) 
Sagittal FS T2-WI. Due to anterior subluxation of the tibia 
relative to the femur, impaction occurs between the pos-
terolateral margin of the lateral tibial plateau and the lat-

eral femoral condyle, resulting in extensive impaction-type 
BME (white asterisks). (c) Coronal FS T2-WI confirms 
the extensive BME at the lateral femur and tibia (white 
asterisks). On the medial femoral condyle, there is less 
extensive avulsive BME (white arrowhead) and disruption 
of the deep meniscofemoral layer of the medial collateral 
ligament (white arrow)

cba

Fig. 4 (a–c) Another pivot shift injury in a soccer player 
with associated BME at the posteromedial corner of the 
knee. (a) Sagittal FS T2-WI of the lateral aspect of the 
knee. BME at the posterolateral aspect of the tibia and 
corresponding BME at the middle part of the lateral femo-
ral condyle (black asterisks). (b) Midsagittal FS T2-WI of 
the right knee shows complete disruption of the ACL 
(black arrow). (c) Sagittal FS T2-WI of the medial aspect 
of the right knee. Note also BME at the posteromedial 

aspect of the tibia near the distal semimembranosus ten-
don (black asterisk). According to some authors, this 
lesion represents a contrecoup impaction lesion. 
According to others, however, this lesion represents a 
traction injury at the posteromedial corner of the knee due 
to external rotation of the knee. Note also a peripheral tear 
of the posterior horn of the medial meniscus (white 
arrowheads)
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lateral femoral condyle. Associated bone bruis-
ing at the posterior lip of the medial tibial plateau 
may be the result of contrecoup forces due to val-
gus forces (Kaplan et al. 1999). According to oth-

ers this medial sided bone bruise is attributed to 
avulsion at the semimembranosus attachment 
(Chan et al. 1999). Concomitant soft-tissue inju-
ries of the pivot shift injury are medial collateral 
ligament (MCL) lesions, lesion of the posterior 
horn of the lateral and medial meniscus, or a tear 
at the posterior joint capsule.

Hyperextension injury results in a kissing con-
tusion pattern in the anterior aspect of the distal 
femur and proximal tibia. Associated soft-tissue 
lesions may include ACL or PCL tears or menis-
cal lesions.

The classic bone contusion pattern seen after 
lateral patellar dislocation includes involvement 
of the anterolateral aspect of the lateral femoral 
condyle and the inferomedial aspect of the 
patella.

Associated soft-tissue injuries include sprain or 
disruption of the medial soft-tissue restraints 
(medial retinaculum, medial patellofemoral liga-
ment, and medial patellotibial ligament). Associated 
(osteo)chondral lesions of the patella may be seen 
as well (Bosmans and Vanhoenacker 2019).

Clip injury occurs when pure valgus stress is 
applied to the knee while the knee is in mild flex-
ion. BME is most prominent in the lateral femo-
ral condyle due to impaction forces, whereas a 
second smaller area of BME may be present in 
the medial femoral condyle secondary to avulsive 
forces at the insertion of the MCL.

Dashboard injury occurs when a posteriorly 
directed force is applied to the anterior aspect of 
the proximal tibia while the knee is in a flexed 
position. This will result in BME at the anterior 
aspect of the tibia and occasionally at the poste-
rior surface of the patella. Associated soft-tissue 
injuries are disruption of the posterior cruciate 
ligament and posterior joint capsule.

Failure of this pattern approach revealing the 
underlying mechanism of trauma may be due to 
several factors, including insufficient trauma, 
massive injury, or preexisting osteoarthritis asso-
ciated with BME (Felson et  al. 2001; Collins 
et  al. 2016; Vanhoenacker et  al. 2005; 
Vanhoenacker and Snoeckx 2007), usually 
encountered in older sporters. Moreover, accel-
erated osteoarthritis is more prevalent in sporters 
than in the general population, due to previous 
repetitive trauma.

Fig. 5 Hyperextension-valgus trauma in a soccer player. 
FS T2-WI at the lateral aspect of the right knee. Severe 
hyperextension of the knee can result in the impaction of 
the anterior aspect of the femoral condyle against the ante-
rior aspect of the tibial plateau, resulting in extensive 
BME (black asterisks). Because of valgus position of the 
knee at the moment of the trauma, BME in this case is 
located at the lateral part of the knee

Fig. 6 Clip injury in a soccer player. Coronal FS T2-WI 
of the left knee shows a large area of BME involving the 
lateral femoral condyle (black asterisk). There is complete 
disruption of the MCL at its femoral insertion (black 
arrow)
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3.2  Chronic Traumatic Lesions 
(Repetitive Trauma)

Besides pure acute traumatic causes of BME, 
BME may result from repetitive or chronic 
trauma in sports activities.

3.2.1  Fatigue Fractures
Chronic stress on a normally mineralized bone 
may result in a spectrum of MRI findings ranging 
from periosteal edema over severe marrow edema 
to a hypo-intense fracture line in cancellous or 
cortical bone. This item will be described more in 
detail in (Lefere et al. 2021).

3.2.2  Chronic Avulsive Injuries
Typical examples of chronic avulsive injuries 
include shin splints (traction periostitis of the calf 
muscles along the posteromedial tibia) (Franklyn 
and Oakes 2015; Winters 2020), thigh splints 
(distal adductor insertion avulsion syndrome) 
(Van De Perre et  al. 2003; Hegazi et  al. 2016), 
and “adductor/gracilis syndrome” (Schilders 
et al. 2017; Lee et al. 2017).

Apart from periosteal edema, MRI may also 
reveal BME and cortical signal abnormalities.

3.2.3  Altered Biomechanics and BME
Altered biomechanics due to certain sports activ-
ities (jogging, golf) may induce physiologic bone 
response to repeated stress. MRI may reveal 
BME in these cases, which may not necessarily 
correspond with severe trauma (Grampp et  al. 
1998; Yochum and Barry 1997).

The potential role of limb malalignment and 
BME was described by Felson et al. (Felson et al. 
2003, 2013). Medial bone marrow lesions can be 

ba

Fig. 7 (a and b) Dashboard injury. (a) Sagittal and (b) axial FS T2-WI showing BME at the proximal tibia (black 
asterisks)

Fig. 8 Impaction-type bone marrow edema, associated 
with lateral patellar dislocation in a soccer player. An 
axial FS T2-WI of the right knee demonstrates BME 
involving the medial patellar facet and the lateral femoral 
condyle (black asterisks). Associated distraction at the 
medial patellar retinaculum will result in thickening and 
extensive hyperintensity due to partial disruption
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seen in athletes with varus limb, whereas lateral 
lesions are associated with valgus limbs.

The importance of alignment has been experi-
mentally demonstrated in an in vivo MRI demon-
stration of the Pond-Nuki animal model for the 
evaluation of osteoarthritis. In this experimental 
study, 24 beagle dogs underwent transection of 
the anterior cruciate ligament of the left leg (mod-
ified Pond-Nuki model). The first sign on MRI 
was the appearance of subchondral BME at the 
posteromedial aspect of the tibia followed by pro-
gressive cartilage degeneration, meniscus degen-
eration, and osteophytosis (Libicher et al. 2005).

3.3  Lesions of Unknown 
Pathogenesis

Bone marrow edema syndromes without any his-
tory of trauma are increasingly recognized on 
MRI (Mandalia et al. 2005).

Distinction between bone bruising and mar-
row edema syndromes is primarily based on the 
clinical history of the patient.

3.3.1  Bone Marrow Edema Syndrome
Transient bone marrow edema syndrome 
(BMES), also referred to as (transient) regional 
osteoporosis, is a distinct self-limiting syndrome 
located at the weight-bearing joints of the lower 
limbs (Toms et  al. 2005). It usually affects 
middle- aged men (Cahir and Toms 2008) and 
women in the last trimester of pregnancy (Cano- 
Marquina et al. 2014), but association with sports 
activities has been reported (Miltner et al. 2003).

BMES usually affects only one bone, predom-
inantly the proximal femur (Walgrave and 
Vanhoenacker 2019), but it may be bilateral as 
well (Cano-Marquina et  al. 2014). In the hip, 
there is typical sparing of the medial aspect of the 
femoral head (Walgrave and Vanhoenacker 2019; 
Klontzas et al. 2015) and subchondral fractures 
are present in 48.7% of cases (Klontzas et  al. 
2015). The tarsal bones and the knee joint and 
acetabulum are involved less frequently (Feyen 
et al. 2008; Radke et al. 2001; Karantanas et al. 
2008; Eyselbergs et al. 2011).

Three distinct clinical phases have been 
described (Schapira 1992). In the first phase, pain 

is rapidly aggravated, with functional disability 
lasting approximately 1  month. In the second 
phase, lasting 1 or 2 months, the pain reaches a 
plateau phase. The third phase is characterized by 
regression of symptoms. This period lasts 
approximately 4 months.

Imaging features consist of BME without 
associated findings on MRI (Hayes et al. 1993).

In the second phase of the disease, osteopenia 
may be present on the plain radiographs, whereas 
the third phase is characterized by reconstitution 
of bone density (Fig. 9).

Bone marrow edema syndrome may also 
migrate between the weight-bearing joints. The 
knee and hip are most frequently involved 
(Klontzas et  al. 2015; Feyen et  al. 2008; 
Karantanas et al. 2008).

3.3.2  Bone Marrow Edema in Long- 
Distance Runners

Bone marrow edema can be seen in recreational 
athletes 1–8 weeks after sports running (Krampla 
et al. 2001; Trappeniers et al. 2003). The affected 
bones included the knee and the tarsal and meta-
tarsal bones. Fluid-sensitive sequences are most 
sensitive to detect these edema patterns. In well- 
trained runners, bone marrow edema is, however, 
not present (Schueller-Weidekamm et al. 2006).

3.3.3  Subchondral Insufficiency 
Fracture

A subchondral insufficiency fracture (SIF) with 
surrounding bone marrow edema may occur at 
the weight bearing of the (medial) femur condyle 
and tibial plateau in patients with meniscal inju-
ries and after meniscal surgery. SIF has been 
described in the hip as well.

Altered biomechanics due to the subchondral 
fracture or resorption of the avascular segment may 
induce abnormal stress on the articular surfaces.

4  Histopathological 
Correlation

A variety of histologic studies of patients with 
BME have been described with different results. 
Some studies revealed necrosis of cellular 
element in the subchondral bone, trabecular 
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microfractures, and hemorrhage and edema 
(Johnson et  al. 1998; Rangger et  al. 1998; Ryu 
et  al. 2000), whereas others demonstrated only 
edema with displacement of cellular element, but 
absence of necrosis (Escalas and Curell 1994).

Review of the different histologic studies sug-
gests that differing degrees and severity of injury 
may determine the differing histological patterns. 
Relatively less severe trauma causes BME with-
out obvious injury to the cellular element, 
whereas with increasing severity of trauma 
microfractures and hemorrhage are seen within 
the trabecular bone (Mandalia et al. 2005).

5  Clinical Significance

The clinical significance of bone marrow edema 
has been an issue of discussion ever since the first 
reports on bone bruise (Bonadio et al. 2017).

It is very difficult to identify clinical signs and 
symptoms directly attributable to the underlying 
bone bruising, because there are usually associ-
ated soft-tissue changes (Mandalia et al. 2005).

In a prospective study of 95 patients with 
inversion injuries of the ankle and no fracture on 
plain radiographs, Alanen et  al. found an inci-
dence of bone bruises of 27% (Alanen et  al. 

1998). Most of the bruises were located in the 
talus.

The authors found no statistical difference in 
the time to return to work, limitation in walking 
or physical activity, and clinical outcome at 3 
months in two groups with and without 
BME. Also according to Zanetti et al., the pres-
ence of BME of the talar dome following sprain 
of the ankle did not significantly influence clini-
cal outcome (Zanetti et al. 1997).

Vincken et  al. (2006) evaluated the clinical 
consequences of bone bruise on MRI around the 
knee in 664 consecutive patients with subacute 
knee complaints. They evaluated the relation 
between bone bruise and (peri-)articular derange-
ment and the impact of bone bruise at the time of 
MRI and 6 months thereafter.

Bone bruises were diagnosed in 18.7% of 
patients.

They concluded that bone bruise is no predic-
tor for the presence of intra-articular pathology. 
Indeed, prevalence of bone bruise was not signifi-
cantly different between patients with (21%) and 
those without (16%) intra-articular pathology. 
Bone bruise was particularly associated with 
tears in anterior cruciate ligaments, collateral 
ligaments, and lateral meniscus, whereas the 
medial meniscus tears (although representing the 

ba

Fig. 9 (a and b) Bone marrow edema syndrome (BMES). 
(a) Sagittal fat-suppressed FSE T2-weighted image show-
ing multifocal BME at the tarsal bones (black asterisks). 

(b) Plain radiograph of the ankle demonstrating the pres-
ence of osteopenia of the ankle with associated soft-tissue 
swelling
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most common knee lesion) were not associated 
with bone bruise.

On the other hand, patients presenting with 
bone bruise at the time of MRI had a significant 
higher level of symptoms, functional deficit, and 
decrease in activity.

Particularly, the presence of bone bruise and 
MCL tear has the most impact on function and 
symptoms at the time of MRI.

However, bone bruise did not have any effect 
on function, symptoms, and activity at 6 months.

6  Natural Evolution

6.1  Follow-Up of Acute Traumatic 
Bone Marrow Edema

The reported time for the resolution of bone 
bruising is variable, ranging from as early as 
3 weeks to 2 years (Mandalia et al. 2005; Roemer 
and Bohndorf 2002). This variability may be 
attributed to several factors, such as the severity 
of injury, extent of bone bruising, and other asso-
ciated internal knee derangement. Traumatic 
BME usually resolves with a median time inter-
val ranging between 4 months and 8 months after 
acute knee trauma (Kijowski et al. 2014).

Two patterns of bruise resolution have been 
described (Davies et  al. 2004). The centripetal 
pattern is the most frequent (Fig. 10), while other 
lesions (mostly type IIb and III) tend to resolve 
towards the joint margin (Karantanas 2021). The 
latter generally resolve slower and probably 

require longer rehabilitation because of higher 
risk of premature osteoarthritis.

The natural history of bruises is not well 
known as well as whether they predispose to pre-
mature osteoarthritis. Cartilage loss adjacent to 
bone marrow lesions has been reported several 
years after knee trauma (Kijowski et  al. 2014; 
Potter et al. 2012; Faber et al. 1999).

Many studies have shown that bone bruising 
may have a deleterious effect on the overlying 
articular cartilage (Mandalia et  al. 2005). The 
pathophysiological mechanisms by which the 
cartilage can undergo this degenerative process 
may be multifactorial. The initial blunt trauma 
might exceed a supraphysiological threshold 
and lead to progressive chondral damage 
(Charalambous 2014). In other words, injuries 
causing BME may alter the load-bearing proper-
ties of subchondral bone, which in turn allows for 
changes in the overlying cartilage (Faber et  al. 
1999). Additionally, the osseous lesion might 
heal into a stiffer construction than the previous 
normal bone. The decreased compliance might 
then generate greater loads in the articular carti-
lage, leading to a progressive cartilage 
degeneration.

6.2  Follow-Up of Chronic 
Traumatic Lesions

This item will be described more in detail in 
(Karantanas 2021).

baFig. 10 (a and b) 
Resolution pattern of 
acute traumatic 
BME. Coronal FS T2-WI 
of the right knee at the 
moment of a direct 
trauma at the knee (a) 
and after 3-month 
follow- up (b). (a) 
Extensive impaction 
BME at the proximal 
tibia. (b) There is 
centripetal resolution of 
BME, with some residual 
BME at the center of the 
original lesion
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6.3  Follow-Up of BMES

In BMES, the mean interval from the onset of 
symptoms until complete clinical resolution 
ranges from 4 to 24 months, with an average of 
6  months (Fig.  11). All patients with BMES 

recover completely without intervention. 
Therefore, the term transient BMES can be used. 
However, it was demonstrated that in early stages 
of insufficient osseous blood flow iloprost can 
contribute to pain relief and improved joint func-
tion (Jäger et al. 2011; Meizer et al. 2009).

a

c

b

Fig. 11 (a–c) Resolution pattern of BMES of the hip. (a) 
Coronal FS T2-WI and (b) coronal T1 WI of the lateral 
aspect of the pelvis show BME in the left femoral head 

and neck (asterisk) with typical sparing of the medial 
aspect of the femoral head. (c) Follow-up after 3 months 
shows complete resolution of BME

Bone Marrow Edema in Sports Injuries/General Concept
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7  Conclusion

BME is a relatively recently recognized entity. 
MRI has proved to be the most powerful tool to 
assess BME, as conventional imaging techniques 
are insensitive for detection of trabecular 
injuries.

The pathogenesis of BME is variable and may 
be due to acute or chronic trauma or may even 
occur in the absence of any history of obvious 
trauma.

Distinction between traumatic and nontrau-
matic bone marrow edema in sports injuries is 
primarily based on a clinical history of trauma, 
as imaging features are mostly 
indistinguishable.

In traumatic cases, the pattern of bone marrow 
edema, however, may reveal the mechanism of 
underlying trauma and is often a secondary sign 
for detecting associated abnormalities.

The clinical significance of BME is still a mat-
ter of debate, and long-term follow-up studies are 
required for further evaluation of this item.

Things to Remember
 1. MRI is the imaging modality of choice to 

detect bone marrow lesions in sports injuries. 
Fluid-sensitive sequences such as FS 
T2-weighted images or (S)TIR sequences are 
the most sensitive ones.

 2. Mostly BME in itself is benign/self-limiting. 
Longer follow-up studies are needed to deter-
mine the clinical importance of the (osteo)
chondral sequelae and to evaluate the possible 
evolution towards premature degeneration. 
Isolated bruise can be the cause of pain.

 3. A systematic analysis of the BME pattern 
often reveals a specific underlying trauma 
mechanism. This can help to detect the associ-
ated soft-tissue lesions, which are often less 
conspicuous.

 4. Residual indications for conventional radiog-
raphy (and/or CT) are (subtle) avulsion frac-
tures and some stress fractures. DECT may be 
used for evaluation of BME in case of contra-
indications for MRI.
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Abstract
Stress-related bone injuries are common in 
athletes who are exposed to increased fre-
quency, duration and intensity of activity. 
They are most common in the weight-bearing 
bones of the lower extremities, especially the 
posteromedial tibia. Under physiological cir-
cumstances, increasing the load on a bone will 
increase its strength through bone remodeling. 
When remodeling is unable to keep up with 
repetitive loading, a stress fracture will occur. 
The distinction between high-risk and low- 
risk stress fractures has prognostic and thera-
peutic consequences in athletes. Several 
extrinsic and intrinsic risk factors have been 
recognized. Overall, women are more sensi-
tive to stress fractures than men. Conventional 
radiographs, despite having a low sensitivity, 
are used as a first-line test. Magnetic reso-
nance imaging is the most sensitive and spe-
cific imaging modality for stress fractures. 
Computed tomography can be used as a prob-
lem solver in case of inconclusive MRI, and to 
better display fracture lines in a few specific 
locations.

1  Introduction

Stress-related bone injuries are common in ath-
letes and account for up to 20% of cases in sports 
medicine practice (Abbott et al. 2019). The term 
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“stress fracture” is used when there is no single 
identifiable traumatic event, but rather an expo-
sure to repetitive microtrauma. Two subtypes of 
stress fractures have been recognized. Fatigue 
fractures occur in individuals with presumed nor-
mal bone mineral density (BMD) who are 
exposed to increased frequency, duration, and 
intensity of activity. High-risk populations typi-
cally include military recruits and professional 
athletes. Insufficiency fractures occur in patients 
with decreased BMD or abnormally inelastic 
bone, in response to relatively normal activities. 
These lesions often occur in the setting of osteo-
porosis and metabolic bone disease and are not 
the main focus of this chapter. The distinction 
between the two types is not always clear, and 
certain subpopulations of athletes may also suffer 
from insufficiency fractures (Aicale et al. 2018). 
In the orthopedic literature, “stress fracture” and 
“fatigue fracture” are often used interchangeably. 
The term “stress reaction” is used when bone 
marrow edema (BME) is seen on magnetic reso-
nance imaging (MRI) studies, without fracture 
line.

Although the reported incidence of stress frac-
tures in the general athletic population is less 
than 1%, the incidence in runners may be as high 
as 20%. They are most common in the weight- 
bearing bones of the lower extremities. In terms 
of prevalence, the posteromedial distal tibia, the 
calcaneus, and the metatarsals constitute the “big 
three” (Mandell et al. 2017a). Specific anatomic 
sites for stress fractures may be associated with 
individual sports, such as the humerus in throw-
ing sports, the ribs in golf and rowing, the spine 
in gymnastics, the lower extremities in running 
activities, and the foot in gymnastics (Bennell 
and Brukner 1997). Possible sites of stress injury 
are summarized in Table 1 (Resnick 1996).

The posteromedial tibial cortex is by far the 
most common location for stress fractures in 
active individuals. Pain in the lower leg brought 
on by exercise but relieved by rest is a common 
complaint. “Shin splints” is a nonspecific clinical 
term used in the setting of exertional lower leg 
pain (Mandell et al. 2017b).

Early diagnosis of a stress lesion is essential to 
enable specific treatment and to ensure the earli-
est possible return to sports.

2  Pathophysiology

2.1  Bone Anatomy

2.1.1  Macroscopic Anatomy
Bones provide a rigid support for muscles, allow-
ing complex movements and locomotion. Most 
of the adult skeleton is composed of lamellar 
bone. The other major configuration is woven 
bone, which in physiological circumstances is 
found mainly in fetuses and during the healing 
phase of fractures. Woven bone is less organized, 
more flexible but weaker than lamellar bone. 
Lamellar bone exists in two major forms: cortical 
and trabecular (spongy, cancellous) bone. 

Table 1 Possible sites of stress injuries

Upper extremity
– Phalangeal tufts
– Carpal bones: Hook of hamate
– Ulna: Coronoid, olecranon process, diaphysis
– Humerus: Distal diaphysis
– Scapula: Coracoid, inferior edge of glenoid fossa
Lower extremity
– Sesamoids
– Metatarsals
– Navicular
– Talus
– Calcaneus
–  Tibia: Mid and distal diaphysis, proximal shaft, 

medial malleolus
– Fibula: Distal and proximal diaphysis
– Patella
– Femur: Diaphysis, neck
– Pelvis: Obturator ring, pubic rami, sacrum
Spine
– Lumbar vertebra: Pars interarticularis
– Lower cervical, upper thoracic spinous process
Thorax
– Ribs
– Clavicle
– Sternum
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Cortical bone is dense and solid and surrounds 
the marrow space. Trabecular bone is much less 
compact; it consists of a meshwork of thin rods 
and plates called trabeculae (Fig.  1). In most 
sites, trabeculae are oriented along the axes of 
major compressive and tensile forces within that 
bone. In joints that are frequently compressed, 
trabeculae are often aligned perpendicularly to 
the subchondral bone plate. However, as has been 
observed in the femoral neck, trabecular organi-
zation is very complex and cannot always be pre-
dicted by the direction of principal stress (Pathria 
et al. 2016).

The proportion of cortical and trabecular bone 
varies between individuals and between types of 
bone: the ratio of cortical to trabecular bone is 
50:50 in the femoral head and 95:5 in the radial 
diaphysis (Clarke 2008). The outer shafts of long 
bones are mainly cortical, with trabecular bone 
making up the ends of the bone and the central 
portion of the shaft. Short and flat bones such as 
the tarsals and pelvis have a higher amount of tra-
becular bone.

The outer surface of long bones is surrounded 
by a highly vascular outer coating called the peri-

osteum. The periosteum is responsible for provid-
ing nutrition to the outer portion of the cortex and 
enlarges during remodeling to provide support to 
the cortex. Medullary canals allow the vascular 
passage for nutrients and blood vessels to the inner 
two-thirds of the cortex (Romani et al. 2002).

2.1.2  Microscopic Anatomy
The extracellular component of bone, also called 
the matrix, consists of collagen fibrils and ground 
substance. The orientation of the collagen fibrils 
and the integrity of their cross-links are important 
factors determining the force a bone can with-
stand before it breaks. The mineral component of 
the matrix is mostly composed of hydroxyapatite 
and is responsible for the strength, hardness, and 
rigidity of bone; however, it is also more brittle 
than the collagenous component (Pathria et  al. 
2016).

The fundamental unit of cortical bone is the 
osteon. In the osteon, concentric layers or lamel-
lae of mineralized bone matrix surround small 
channels called haversian canals, with a diameter 
of around 100–400  μm. These canals house 
nerves and blood vessels. On the outside of the 
lamellae are small cavities, known as lacunae. 
Each lacuna contains a single bone cell, or osteo-
cyte. Canaliculi form a transport system between 
the lacunae and the haversian canals which are 
responsible for the nutrition and metabolic trans-
port within the bone.

2.2  Bone Remodeling

According to Wolff’s law, if the loading on a par-
ticular bone increases, its strength will increase 
over time, and vice versa.

Bone remodeling involves three steps. Initially, 
microcrack formation occurs. Microcracks dis-
rupt canaliculi and induce osteocyte apoptosis. In 
a second phase, osteoclasts create resorption cavi-
ties at the site of the microcracks, which tempo-
rarily weakens the bone. Finally, osteoblasts 
deposit new bone at the resorption cavities, 
thereby completing the remodeling cycle. In cor-
tical bone, the adjacent periosteum may become 
inflamed during bone remodeling, providing Fig. 1 Macroscopic bone anatomy
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ancillary support. In trabecular bone, remodeling 
may trigger a reorientation of the struts to better 
withstand the applied force. The completion of 
bone remodeling is estimated to take 2–8 months. 
Because new bone deposition by osteoblasts lags 
behind the formation of resorption cavities by a 
period of 10–14 days, the bone is relatively weak-
ened in these early stages of remodeling. When 
the process of skeletal remodeling is unable to 
keep up with repetitive loading, a stress fracture 
occurs (Mandell et  al. 2017a; Marshall et  al. 
2018; Pathria et al. 2016).

3  Mechanisms of Injury

In general, the response of any material to a 
mechanical force is determined by its ability to 
absorb a load (stress) and the amount of deforma-
tion that can occur before failure (strain). The 
relationship between both is graphically depicted 
in a stress-strain curve, from which the stiffness 
(elastic modulus), yield, and failure points of a 
particular material can be deducted (Fig. 2). The 
term “brittle” is used when a substance is able to 
withstand a high load but is unable to deform 
(e.g., porcelain). Conversely, ductile material 
undergoes considerable deformation before fail-
ure. Bone, as a complex structure, behaves in an 
intermediate fashion.

A bone endures stress whenever a force is 
loaded upon it. Whether the stress comes from 
the pull of a muscle or the shock of a weight- 

bearing extremity contacting the ground, it is 
defined as the force applied per unit area of the 
load-bearing bone. The stress-strain response of 
bone depends on the direction of the load; the 
geometry, microarchitecture, and density of 
bone; and the influence of surrounding muscular 
contractions.

In most activities of daily living, when the 
force is removed, the bone elastically rebounds to 
its original position. The force that a bone can 
endure and still rebound back to its original state 
without damage is within the elastic range. If a 
bone is loaded beyond its yield point, it enters the 
plastic range where irreversible deformation will 
occur. This stage is characterized by microcrack 
formation. The amount of mechanical load 
required to cause a macroscopic bone fracture is 
determined by its failure point. As a living struc-
ture, bone is able to adapt its stress-strain curve to 
better withstand the loads under which it is 
placed, through the earlier described process of 
bone remodeling.

In vivo, forces are directly or indirectly 
applied to bone through a complex combination 
of compression, torsion, bending, and shear. 
Cortical bone has a higher modulus of elasticity 
than trabecular bone. Therefore, cortical bone is 
highly resistant to compressive forces but rela-
tively sensitive to bending forces, and the inverse 
is true for trabecular bone. A bending force is 
thought to be the most important biomechanical 
factor leading to the development of a tibial stress 
fracture. It applies tension strain on the convex 

ultimate stress

yield stress
yield point

failure point

stress

strain

elastic
region

plastic
region

Fig. 2 Stress-strain 
curve. In the elastic 
region, a solid material 
(e.g., bone) will still 
regain its original shape 
when stress (load) is 
removed. If a bone is 
loaded beyond its yield 
point, it enters the 
plastic range where 
irreversible deformation 
will occur. The elastic 
modulus ε measures the 
stiffness of the material 
and is calculated from 
the slope of the curve
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surface, and a compressive force on the concave 
aspect of the bone shaft (Pathria et  al. 2016; 
Marshall et al. 2018).

3.1  High-Risk Versus Low-Risk 
Stress Fractures

The distinction between high-risk and low-risk 
stress fractures is of great importance since it 

affects the diagnostic and therapeutic pathways 
pursued by clinicians.

Stress fractures that arise under compressive 
forces are generally considered low risk. They 
can be managed with activity modification and 
continued weight bearing. High-risk stress frac-
tures generally occur under tensile forces and 
often have a more unfavorable disease course 
(Marshall et  al. 2018; Mandell et  al. 2017b) 
(Table  2). Stress fractures at these sites are 
prone to recurrence, delayed union, and non-
union. Depending on the location, a more 
aggressive approach such as prolonged immobi-
lization or surgery may be warranted (Diehl 
et al. 2006). Stress fractures of the anterior tibial 
diaphysis occur most frequently in jumpers and 
represent only 4.6% of tibial stress fractures. 
These lesions heal slowly, partly because of 
absent muscular support and relatively poor 
vascularization. Conservative treatment is prone 
to failure with progression to complete fracture. 
The hallmark sign on radiographs is a transverse 
fracture in the anterior tibial cortex, the so-
called dreaded black line (Mandell et al. 2017b) 
(Fig. 3).

a b c

Fig. 3 (a–c) Anterior tibial stress fracture in a 16-year- 
old boy. (a) Sagittal CT image shows thickening of the 
anterior tibial cortex with a fracture through the anterior 
part (the equivalent of the “dreaded black line” on radio-
graphs) (arrow). (b) Sagittal fat-suppressed (FS) 

T2-weighted image (WI) shows the fracture line (arrow) 
and adjacent bone marrow edema (arrowhead). (c) On 
planar bone scintigraphy, a corresponding hot spot is seen 
in the anterior tibial diaphysis (arrow)

Table 2 High- and low-risk stress fracture locations in 
the lower extremities

High-risk stress fractures Low-risk stress fractures
Anterior tibial cortex Posteromedial tibial cortex
Medial malleolus Second and third 

metatarsal
Base of second and fifth 
metatarsals

Calcaneus

Navicular Distal fibula
Talus Cuboid
Hallux sesamoids Cuneiforms
Lateral femoral neck 
(tension side)

Medial femoral neck 
(compression side)

Patella
Pars interarticularis
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4  Risk Factors

There are many highly interrelated risk factors 
contributing to the development of stress frac-
tures, making it very difficult to study them inde-
pendently. They are generally divided into 
intrinsic and extrinsic factors.

4.1  Intrinsic Risk Factors

Intrinsic risk factors refer to the physical charac-
teristics of an individual that may contribute to 
the development of stress fractures.

4.1.1  Bone Mineral Density
The question whether low bone mineral den-
sity (BMD) is an independent risk factor has 
been the subject of research. Lauder et  al. 
found a significantly higher risk of stress frac-
tures in female soldiers with lower femoral 
neck BMD (Lauder et al. 2000). In their study 
however, the BMD at the lumbar spine level 
was not significantly related to the develop-
ment of stress fractures. Davey et al. sought to 
investigate structural bone and BMD differ-
ences between military recruits with stress 
fractures and healthy controls, adjusted for 
confounders such as age, physical fitness level, 
height, and weight. They found a significant 
difference in BMD between both groups, both 
at the femoral neck and at the lumbar spine 
(Davey et al. 2015).

4.1.2  Female Sex
Stress fractures are known to occur at higher 
rates in female athletes. In a large study among 
student-athletes, the overall relative risk was 
2.06 in women compared to men, all sports com-
bined. There was a higher incidence in women 
for each injury site, except lower back, lumbar 
spine, and pelvis (Rizzone et  al. 2017). Nearly 
one in seven female athletes are reported to have 
a history of either stress fracture or stress reac-
tion. They are most prevalent in female endur-
ance runners, track-and-field athletes, and 
dancers. Smaller tibial width in women is a 
known risk factor which may help to explain this 

difference in prevalence between women and 
men (Behrens et al. 2013).

A combination of mostly intrinsic risk factors 
can be found in the so called female athletic 
triad, i.e., the combination of low energy avail-
ability with or without eating disorder, menstrual 
abnormalities, and decreased bone mass. This 
concept has received considerable attention in 
the literature since its first description in 1992. 
The triad has been observed most commonly in 
athletes involved in sports where a slender phy-
sique and weight control are favored, such as 
gymnastics or ballet. A revised definition in 2007 
no longer requires all three features to be present 
(Nattiv et al. 2007). At least one element of the 
triad was found to be present in 16–60% of 
women (Moreira and Bilezikian 2017). In a pro-
spective cohort study on 259 female adolescent 
and young adult athletes, it was shown that the 
stress fracture risk progressively increases up to 
50% when more triad-related risks are present 
(Barrack et  al. 2014). A causal relationship 
between these risk factors has been shown: 
dietary restriction may lead to low BMD, which 
is also negatively influenced by an estrogen-defi-
cient state.

4.1.3  Age
Young athletes seem to be more susceptible to 
stress fractures. 40–50% of bone stress injuries 
have been reported in athletes under 20 years of 
age. Increasing expectations, intensity of training, 
and physiological stress in 16- to 18-year-olds 
competing with older, more physically mature 
individuals may contribute to this phenomenon 
(Nussbaum et al. 2019).

4.1.4  Lower Extremity Biomechanics
Leg length discrepancy, pes planus or cavus 
deformity, and also hip adduction and rearfoot 
eversion angles have been associated with higher 
rates of lower extremity stress fractures (Behrens 
et al. 2013).

4.1.4.1 Pronated Foot
The pronated foot with a rearfoot valgus posi-
tion produces increased stress on the lateral 
malleolus. When the foot pronates through the 
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midstance phase of gait into the toe-off phase, 
the first metatarsal is hypermobile and dorsi-
flexes, resulting in an increased pressure load on 
the second metatarsal. If the second metatarsal is 
short, then increased load is transferred to the 
third metatarsal.

4.1.4.2 Cavus Foot
The cavus foot is generally rigid in nature and its 
shock-absorptive properties are poor. The plan-
tarflexed forefoot results in increased pressure on 
the metatarsals. A rigidly plantarflexed first meta-
tarsal is placed under increased stress, which 
places the sesamoid complex at risk of stress 
fracture. A long or plantarflexed lesser metatarsal 
is exposed to a greater load and is subjected to 
fatigue failure. Limited subtalar joint motion pro-
duces increased pressure on the calcaneus and 
renders it susceptible to a stress fracture.

4.1.4.3 Varus Alignment
Varus alignment such as genu varum, tibia vara, 
subtalar varus, and forefoot varus is associated 
with lower extremity stress fractures, 49% of 
which are located at the tibia. The resulting 
excessive pronation increases the eccentric work 
that must be done by the medial aspect of the 
soleus muscle and enforces the strain on the pos-
teromedial side of the tibia.

4.1.4.4 Limb Length Discrepancy
Limb length discrepancy is a relatively common 
skeletal malalignment with predispositon to 
stress fractures. It has been reported that runners 
with a leg length discrepancy experienced stress 
fractures more often than runners without. During 
running, the short leg rotates externally to 
increase stability and overstriding may occur. 
The foot on the short side is subjected to greater 
force over a short period of time (Haverstock 
2001).

4.2  Extrinsic Risk Factors

Extrinsic factors include individual training regi-
men, footwear and other equipment, training sur-
faces, and dietary intake.

High training volume is nearly always present 
in healthy individuals with stress fractures. In 
addition to professional athletes, recreational 
runners who average above 25 miles a week are 
at increased risk (Moreira and Bilezikian 2017).

5  Diagnostic Imaging

Bone response to stress is evaluated on a dynamic 
continuum between early remodeling and perios-
titis to a cortical stress fracture. It is important to 
note that these bony changes reflect a wide spec-
trum of physical findings and radiographic pre-
sentations. Patients will therefore often undergo 
multiple exams before a final diagnosis is made. 
Early identification of stress fractures is essential 
to prevent long-term complications. Figure  4 
shows a diagnostic algorithm for suspected stress 
fractures.

5.1  Conventional Radiography

Plain radiography is a readily available, low-cost 
modality, and is still widely used as the initial 
step in the imaging workup of a suspected stress 
fracture. Unfortunately, initial radiographs are 
often normal, which is not surprising given the 
degree of microscopic remodeling that occurs in 
the early stages of stress injury. Clinicians and 
patients should be aware that up to 85% of stress 
fractures are not detected on initial radiographs, 
and up to 50% are missed on follow-up radio-
graphs (Wright et al. 2016). If it affects clinical 
management, more advanced imaging studies 
should be pursued in case of negative 
radiographs.

Imaging features of stress fractures are deter-
mined by two factors: the chronicity of injury and 
the proportion of cortical to trabecular bone 
involved. The earliest radiographic manifestation 
of cortical involvement is the “gray cortex” sign: 
a subtle ill definition of the cortex or faint intra-
cortical radiolucent striations, which are presum-
ably related to the osteoclastic tunneling found 
early in the remodeling process. These early 
radiographic changes only appear 2–3  weeks 
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after onset of symptoms (Mandell et al. 2017a). 
They may be easily overlooked until periosteal 
new bone formation and/or endosteal thickening 
develops in an apparent attempt to buttress the 
temporarily weakened cortex. As damage 
increases, a true fracture line appears (Fig.  5). 
Radiographs can be used as an adjunct to MRI, to 
help elucidate more complex fracture patterns 
(Fig. 6).

Stress injuries in trabecular bone are notori-
ously difficult to detect. Subtle blurring of tra-
becular margins and faint sclerotic radiopaque 
areas may be seen secondary to peritrabecular 
callus (Fig. 7).

5.2  Bone Scintigraphy 
and SPECT-CT

Bone scintigraphy involves the intravenous injec-
tion of radiopharmaceuticals, most typically 
technetium 99m-labelled phosphates or diphos-
phonates. These agents bind to hydroxyapatite 
crystals in bone, in proportion to osteoblastic 
activity and blood flow, and can thus be consid-
ered markers of bone turnover and perfusion. In 
classic scintigraphy, mono-, bi-, or triphasic 

planar projection images are acquired with a 
gamma camera. Before the advent of MRI, three-
phase planar scintigraphy was the gold standard 
imaging technique for the detection of stress 
fractures. It is generally considered a sensitive 
but not very specific exam (Wright et al. 2016). 
One of the earliest efforts to classify stress frac-
tures was made by Roub and coworkers in 1979, 
who correlated scintigraphic abnormalities with 
clinical and radiographical data in 30 athletes 
with shin soreness (Roub et al. 1979). In 1987, 
two different four-grade scintigraphic classifica-
tions were published by Chisin et al. (1987) and 
Zwas et al. (1987), respectively. The latter is still 
in use (Pelletier-Galarneau et al. 2015); however, 
since MRI has become widely available, it has 
almost completely supplanted planar scintigra-
phy as the primary imaging modality for stress 
fractures.

Over the last decades, technical improvements 
have allowed for 3D reconstruction of scinti-
graphic images, with the introduction of single- 
photon emission computed tomography 
(SPECT). With this technique, cross-sectional 
scintigraphic images can be reconstructed in any 
desired plane. Hybrid SPECT-CT scanners have 
made their way into routine clinical practice. The 

Treat Sfx

positive for Sfx

negative for Sfx repeat CR
negative for Sfx

inconclusive

positive negative

Treat as Sfx and
repeat CR after

2-3 weeks if
symptoms persist

High risk fracture
or elite athlete?

yes no

Clinical suspicion for stress
fracture

Radiographs

CT MRI

Sfx ruled out

Fig. 4 Imaging 
algorithm for clinically 
suspected stress fracture. 
Sfx stress fracture, CR 
conventional radiograph

M. Lefere et al.



143

a b

Fig. 5 (a and b) Radiographic evolution of a fibular stress 
fracture in a 45-year-old woman with exertional pain. (a) 
Mortise view of the ankle shows faint linear horizontal 
sclerosis in the distal fibular diaphysis (arrow) corre-
sponding to microcallus formation, as well as indistinct 

periosteal bone deposition (arrowhead). (b) Follow-up 
radiograph shows progression to complete fracture 
(arrow) along with more mature periosteal bone apposi-
tion (arrowhead)

a b c

Fig. 6 (a–c) Longitudinal tibial stress fracture in a 
46-year-old runner. (a) Axial FS T2-WI shows a cortical 
fracture line paralleling the cortical margin (arrow). (b) 
Sagittal FS T2-WI shows the longitudinal course of the 

stress fracture (arrow). Adjacent periosteal edema allows 
differentiation from a nutrient foramen (arrowhead). (c) 
Lateral radiograph shows the fracture line and associated 
slight cortical thickening (arrow)

Overuse Bone Trauma and Stress Fractures



144

simultaneous acquisition of SPECT and CT 
images may help to improve the diagnostic accu-
racy by coupling functional and anatomical 
information (Ha et al. 2015).

At present, there seem to be no prospective 
studies on the accuracy of SPECT-CT versus 
MRI in the diagnosis of lower leg stress fractures 
(Glaudemans et al. 2015). In a retrospective study 
involving 50 patients, SPECT-CT was found to 
have comparable sensitivity and higher specific-
ity than MRI in the detection of bone lesions in 
the ankle and foot; however, no stress fractures 
were mentioned (Ha et al. 2015).

5.3  Conventional CT and Dual-
Energy CT

According to a recent systematic review, CT has 
a sensitivity of only 32–38% and a specificity of 
88–98% for lower extremity stress fractures, 
resulting in a high number of false negatives. 
Therefore, CT has a small role in the diagnostic 
workup for most stress fractures (Wright et  al. 
2016). However, CT is particularly well suited 
for stress fractures of the tarsal bones, longitudi-
nal stress fracture of the tibia, pars interarticu-
laris stress fractures (spondylolysis), and stress 
fractures in the sacrum. CT may also detect frac-
ture lines that are invisible on MRI, and serve as 
a problem-solving tool in cases of an inconclu-

sive MRI (Glaudemans et al. 2015). For exam-
ple, CT is often used as a secondary modality to 
detect partial or complete pars interarticularis 
stress fractures in young athletes with focal 
BME on MRI (Cheung et al. 2018) (Fig. 8). CT 
is also helpful in differentiating between stress 
fracture and osteoid osteoma, because both enti-
ties may be hot on bone scan, show BME at MR 
imaging, and demonstrate sclerosis on radio-
graphs. The presence of a radiolucent nidus, 
however, is diagnostic for osteoid osteoma 
(Anderson and Greenspan 1996). CT has also 
proven its value in the diagnosis of pediatric 
stress fractures. Initial radiographs may demon-
strate marked periosteal bone formation, which 
may mimic tumor. Demonstration of endosteal 
bone formation on CT often leads to the correct 
diagnosis.

In the past decade, dual-energy CT (DECT) 
has made its appearance into daily clinical prac-
tice. The basic principle of DECT is the simulta-
neous acquisition of images with low and high 
tube voltage (e.g., 80 and 140 kV). In the field of 
musculoskeletal radiology, DECT can provide 
additional information regarding tissue composi-
tion (e.g., urate detection in gout), metal artefact 
reduction, and image optimization. By using vir-
tual non-calcium images, BME can be depicted 
on DECT images (Vanhoenacker 2021). This 
technique has shown promise for the detection of 
otherwise occult posttraumatic bone bruise in the 

a bFig. 7 (a and b) 
Trabecular stress 
fracture of the distal 
tibia in a 45-year-old 
woman. (a) On a frontal 
radiograph, only very 
subtle and blurry 
densification of the 
trabeculae is noticed, 
compatible with 
microcallus formation 
(arrow). (b) Coronal 
T1-WI taken 8 days later 
shows an incomplete 
horizontal fracture line 
in the metadiaphyseal 
region (arrow)
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emergency setting, and also for vertebral frac-
tures and sacral insufficiency fractures in the 
elderly (Mallinson et al. 2016; Palm et al. 2019). 
At present however, there seem to be no studies 
regarding the performance of DECT in the diag-
nosis of lower extremity stress fractures in active 
individuals.

5.4  Ultrasound

US has a reported sensitivity of 43–99% and 
specificity of 13–79% for the detection of lower 
extremity stress fractures (Wright et  al. 2016). 
US has the advantages of being a low-cost, 
radiation- free modality with point-of-care avail-
ability. Several sonographic signs in bone stress 
injuries have been described: periosteal thicken-
ing, cortical irregularities, calcified bone callus, 
subcutaneous edema, and hypervascular changes 
on color Doppler (Fig. 9). Newer techniques such 
as real-time sono-elastography have shown some 
promise in the diagnosis and follow-up of stress 
fractures. The inability to visualize structures 

beyond the cortical surface is perhaps the most 
important drawback of this modality (Fukushima 
et al. 2018).

5.5  MRI

Overall, MRI has a higher sensitivity and speci-
ficity than CT and scintigraphy for the detection 
of stress fractures (Wright et al. 2016). In addi-
tion to bony abnormalities, MRI also accurately 
displays associated soft-tissue injury. It is par-
ticularly useful during the first 3  weeks of 
symptoms, when BME can already be detected 
before new bone formation appears. This is 
especially true for cancellous bone stress 
lesions, in which BME is more abundantly 
present than bony changes. It should be noted 
that this early BME can be indistinguishable 
from posttraumatic bone bruise in the absence 
of ancillary findings (Glaudemans et al. 2015). 
MRI is routinely used to classify stress injuries 
and guide return-to-play decisions for athletes. 
A four-grade classification system for tibial 

a b

c

d

Fig. 8 (a–d) Pars interarticularis stress fractures in male 
adolescent athletes. (a) Sagittal T2-WI of the lumbar 
spine shows focal BME in the left pars interarticularis at 
L5. (b) Axial and (c) sagittal CT images show small 
incomplete stress fracture of the left pars, propagating in a 
predictable fashion from inferomedially to superolater-

ally. (d) Sagittal CT image in a different patient shows 
complete pars interarticularis stress fracture of the L4 ver-
tebra. Unsharp fracture margins suggest recent injury, 
which was supported by the presence of BME on MRI 
(not shown)
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stress lesions on MRI was developed by 
Fredericson and coworkers in 1995, and was 
found to correlate well with the aforementioned 
Zwas et  al. classification in the majority of 
examined lesions (Fredericson et  al. 1995) 
(Table 3). In a 2012 validation study involving 
138 patients, a modified Fredericson classifica-
tion was used in which focal intracortical signal 
abnormalities without linear fracture were con-
sidered a separate category (grade 4a injury). 

These focal signal abnormalities are thought to 
represent a combination of osteopenia, cortical 
resorption cavities, and cortical striations, 
which are manifestations of accelerated intra-
cortical remodeling and not necessarily a source 
of pain. Linear cortical signal abnormality was 
considered a grade 4b injury in the modified 
classification (Figs. 10–13). The authors found 
that grade 2, 3, and 4a injuries had a similar 
time to return to sports activity and made the 

a

c

b

Fig. 9 (a–c) Tibial cortical stress fracture in a 31-year- 
old runner. (a) Axial US image shows focal thickening of 
the medial tibial cortex (asterisk) with adjacent periosteal 
thickening (arrow). (b) Color Doppler image at the same 

level shows focal increased vascularization (arrowhead). 
(c) Corresponding frontal radiograph confirms the pres-
ence of solid periosteal callus (arrow)

Table 3 Modified Fredericson MRI grading system for tibial stress injuries (Kijowski et al. 2012)

Modified 
Fredericson grade MRI findings

Mean time before 
return to sports (days)

1 Periosteal edema with no other abnormalities 16
2 Periosteal edema and bone marrow edema, only visible on T2-weighted 

images
39–44

3 Periosteal edema and bone marrow edema, with signal abnormalities on 
both T1- and T2-weighted images

39–44

4a Multifocal areas of cortical signal abnormalities, and bone marrow 
edema visible on both T1- and T2-weighted images

39–44

4b Linear cortical lesion (fracture) and bone marrow edema on T1- and 
T2-weighted images

71
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suggestion of grouping them together (Kijowski 
et  al. 2012). One potential drawback of the 
Fredericson grading system is that the cortex 
seems to be involved only in grade 4a and 4b 

lesions. It is important to realize that micro-
scopic cortical injury is already present in grade 
1 lesions, but at this stage it is still beyond the 
resolution of MRI (Mandell et al. 2017b).

a b

c d

Fig. 10 (a–d) Low-grade tibial stress injuries. (a) Grade 
1 lesion. Axial FS T2-WI in a 17-year-old girl shows focal 
periosteal edema (arrowhead) without further abnormali-
ties. (b) T1-WI is normal. (c) Grade 2 lesion in a 29-year- 

old triathlete. Axial FS T2-WI shows periosteal edema 
(arrowhead) as well as faint BME (arrow). (d) No bone 
marrow abnormalities on T1-WI

Overuse Bone Trauma and Stress Fractures
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Things to Remember
 1. Stress or fatigue fractures are caused by 

abnormal stress to normal bone. Insufficiency 
fractures are caused by normal stress to an 
abnormal bone.

 2. Stress fractures occur in predictable locations, 
most often in the lower leg (tibia). The dis-

tinction between high-risk and low-risk stress 
fractures is important since it affects progno-
sis and management.

 3. The radiological diagnosis of stress fractures 
always starts with conventional radiographs.

 4. MRI is the most sensitive and specific imag-
ing test for stress fractures, due to its ability to 

a b c

Fig. 11 (a–c) Fredericson grade 3 tibial diaphyseal stress 
injury in a 33-year-old woman. (a) Sagittal FS T2-WI 
shows fairly extensive BME (arrow) and periosteal edema 
(arrowhead). (b) Sagittal T1-WI shows focal moderately 

hypointense bone marrow (arrow). The intervening cortex 
appears normal on both sequences. (c) The corresponding 
lateral radiograph is normal; no fracture or bony perios-
teal apposition is seen

a b

Fig. 12 (a and b) Grade 4a tibial stress injury in a 
15-year-old female athlete. (a) Axial FS T2-WI shows 
severe periosteal edema (arrow), BME (dashed arrow), 
and multiple focal signal abnormalities in the cortex, not 

consistent with a fracture line (arrowhead). (b) 
Corresponding T1-WI shows bone marrow changes 
(dashed arrow) and periosteal thickening (arrow)
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detect periosteal and bone marrow edema on 
fluid-sensitive sequences.

 5. Stress fractures are classified with MRI 
according to severity, using a four-grade scale. 
The MR grade is correlated with the time 
before resumption of athletic activities.
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Abstract
Musculoskeletal pseudotumors on imaging are 
not a rarity and may be increasingly detected 
due to an increased use of diagnostic imaging 
and expanding subspecialized clinical referral 
basis. A large variety of pseudotumors exist. 
Although there have been technical advances 
and there is a diversity of imaging modalities, 
the diagnosis of a pseudotumor remains chal-
lenging and its morphologic features may be 
difficult to distinguish from those of a malig-
nant neoplastic lesion. It requires a systematic 
approach with awareness of the common types 
of pseudotumors, its imaging appearances, 
regional anatomy, injury mechanisms, and 
carefully obtained clinical history. This chap-
ter illustrates the most important pseudotumors 
on imaging, their imaging characteristics on 
different imaging modalities, and possible 
clinical settings with keys to differential diag-
nosis. Emphasis is placed on MRI.
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1  Introduction

Although there have been technical advances and 
there is a diversity of imaging modalities, the 
diagnosis of a pseudotumor remains challenging 
and requires a systematic approach. The combi-
nation of clinical history, physical examination, 
and imaging appearance, including anatomical 
location, is crucial (Perdikakis et  al. 2017). In 
many instances it will be evidently clear that an 
apparent clinical mass is a direct consequence of 
a specific sports injury, such as thigh hematoma 
after impaction during a football game. 
Commonly an athlete is fully aware of the injury 
and its relationship to the newly developed abnor-
mality. Many sports activities are associated with 
specific injuries and findings.

Some sports injuries may be minor and forgot-
ten and consecutively may not be immediately 
perceived as being related to the current clinical 
problem (e.g., only one-quarter of children with a 
fat necrosis on MRI imaging recalled a history of 
trauma, Tsai et  al. 1997). The minor repetitive 
trauma with no inciting event is one of the more 
challenging constellations in the diagnostic pro-
cess. Also acute trauma associated with unusual 
radiological findings may confuse the diagnosis 
(e.g., complicated by secondary infection).

Contributory features include the presence of 
normal variants with possible overuse syn-
dromes, specific body habitus, or patient’s his-
tory suggesting inappropriate training or 
equipment predisposing to overuse injuries. 
Some characteristic locations and patient age 
may be suggestive of the diagnosis, e.g., elastofi-
broma dorsi of the infra-scapular posterior tho-
racic wall.

Musculoskeletal pseudotumors on MRI are 
not a rarity and may be increasingly detected due 
to an increased availability of MRI and expand-
ing subspecialized clinical referral basis. The 
growing sports activity especially in older chil-
dren and adolescents predisposes to more injuries 
and overuse. A unique group in this context is 
female athletes, affected by the “female athlete 
triad” (osteoporosis, eating disorder, and 
amenorrhea).

A large variety of MRI pseudotumors exist. 
Some pseudotumors are clinically apparent as a 
mass or swelling. Some are only evident on imag-
ing with morphologic features which may be 
mistaken for a neoplastic lesion. However pseu-
dotumors are far more common than neoplasms. 
They can be classified either anatomically or by 
etiology. All anatomical structures may be 
involved.

2  General Imaging Principles

All modalities are involved in pseudotumor 
imaging. Often the radiologist is confronted with 
already performed imaging and may not be able 
to influence the initial choice of the imaging 
modality or protocol. Otherwise remaining with 
basic principles is prudent. Radiographs in two 
planes may show calcifications, zoning phenom-
ena, fractures, presence of normal variants, or 
signs of overuse such as advanced degenerative 
joint disease not corresponding to patient’s age. 
Correlation with conventional radiographs is 
extremely important as many masses or focal 
abnormalities on MRI simulating neoplasms may 
have characteristic radiographic appearances and 
be easily diagnosed (Jelinek and Kransdorf 1995; 
Kransdorf and Murphey 1997). Examples include 
the peripheral calcific rim of myositis ossificans, 
retained radio-opaque foreign bodies, stress frac-
tures, and hydroxyapatite deposition within ten-
dons (see also Sects. 4.4, 5.1, 8, and 10).

Computed tomography can help with demon-
strating the above characteristics; however ana-
logue to the general musculoskeletal tumor 
diagnostic MRI is a mainstay with sports pseudo-
tumors given its multiplanar capability, regional 
anatomic review, and a superior soft-tissue con-
trast resolution. Depending on the primary goal 
of the imaging the field of view may be adapted 
accordingly. If the main aim of the examination is 
to establish the presence of mass, visualization of 
the contralateral side may be helpful to detect the 
asymmetry, using a larger field of view. A smaller 
field of view with higher spatial resolution may 
be useful for detailed assessment of the lesion.
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Due to technical advances high-field MRI 
scanners (1.5  T or higher) in connection with 
dedicated multichannel coils provide superior 
image quality. Analogue to the diagnosis of mus-
culoskeletal tumor, there are standardized algo-
rithms based on consensus guidelines of the 
European Society of the Musculoskeletal 
Radiology (Nöbauer-Huhmann 2019). Routine 
sequences in three planes are important, includ-
ing T1-weighted and STIR sequences (short tau 
inversion recovery) in at least one plane.

Skin markers may also help in the detection of 
the lesion, as the absence of a true mass on imag-
ing may be challenging.

Gradient echo sequences may be useful to 
enhance a “blooming” artifact associated with 
hemosiderin deposition, metallic foreign bodies, 
and gas. Though contrast administration may not 
necessarily change the diagnosis, it may increase 
the conspicuity of the findings (e.g., unique cases 
of muscle strains in professional athletes with 
negative findings on the T2-weighted imaging).

If a true mass is absent on MRI, the finding is 
associated with a large reactive soft-tissue com-
ponent or an extensive hemorrhage and whether 
there has been a history of sports injury, trauma, 
or overuse with a possible pseudotumor should 
be included in the differential diagnosis.

The morphologic appearance on imaging 
(preferably both radiographs and MRI) in asso-
ciation with a detailed clinical history may help 
avoid an unnecessary biopsy with also sometimes 
inconclusive histopathological diagnosis (e.g., 
false-positive histopathological diagnosis of a 
soft-tissue osteosarcoma in case of a myositis 
ossificans, Ragunanthan and Sugavanam 2006). 
It is crucial to perform clinical and imaging fol-
low- up examinations after suspecting a pseudo-
tumor diagnosis, particularly with less 
experienced readers, in order to avoid a false- 
negative diagnosis regarding a neoplastic lesion.

As the pseudotumor diagnosis may be chal-
lenging, increased awareness of the common 
types of pseudotumors, its imaging appearances, 
regional anatomy, injury mechanisms, and care-
fully obtained clinical history (e.g., precise ques-
tionnaire) may significantly increase the 

specificity of the MRI diagnosis, which may 
often be a surprise to the referring clinician.

3  Keys to Differential 
Diagnosis and True Tumors

Typically true musculoskeletal tumors of either 
bone or soft-tissue origin present with an increas-
ing mass effect and relatively minor pain com-
pared to the size of the mass, unless there has 
been a history of bleeding, biopsy, or trauma. 
Neoplastic lesions tend to displace or invade the 
local anatomy. Pseudotumors may often only 
show a subtle distortion of the regional anatomy, 
so that the comparison with the contralateral side 
may be very helpful and sometimes essential in 
the diagnostic process.

Pseudotumors are commonly associated with 
a marked adjacent soft-tissue reaction, as classi-
cally seen with myositis ossificans (Walczak 
et al. 2015). Adjacent marked reactive soft-tissue 
changes or hemorrhage is unusual with a neo-
plastic lesion unless there has been a history of a 
direct trauma, bleeding, or biopsy.

4  Soft Tissue-Related 
Pseudotumors

4.1  Muscle Tear, Morel-Lavallée 
Syndrome, 
and Rhabdomyolysis

Muscle strains and tears, soft-tissue hematomas, 
but also less common injuries like Morel-Lavallée 
syndrome or calcific myonecrosis may mimic 
true soft-tissue tumors on imaging.

Muscle tears often occur in professional ath-
letes. The correct diagnosis and grading of the 
muscle injury may be relevant especially in elite 
athletes (Thierfelder et  al. 2019). Most muscle 
injuries (around 96%) occur due to an indirect 
mechanism of accident and result in muscle tear 
(Mueller-Wohlfahrt et  al. 2013). Some muscle 
injuries occur more often in particular sporting 
activities (Fig. 1). For instance muscle injuries of 
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hip and thigh (hamstrings, adductors, and quadri-
ceps strains) are frequent among soccer players, 
and rotator cuff tears occur frequently in tennis 
and baseball players (Ekstrand et al. 2013). The 
correct interpretation of the radiological findings 
including the type and grading of the injury may 
be relevant for the therapy options and prognosis. 
Apart from the clinical grading systems, which 
consider bulge size and loss of strength, one most 
commonly used MRI-based grading system dis-

tinguishes four different muscle injury grades 
(Mueller-Wohlfahrt et al. 2013). Grade 0 stands 
for normal muscle, grade 1 stands for intramus-
cular edema with no fiber discontinuity, grade 2 
stands for partial muscle tear, and grade 3 stands 
for complete muscle tear (Ekstrand et al. 2013). 
In case of a grade 3 injury, which may frequently 
require a surgical therapy, the exact extension of 
the tear should be reported. Another predictive 
factor in muscle tears is the longitudinal exten-

a b

Fig. 1 (a, b) Muscle injury and rhabdomyolysis. 23-Year- 
old male Swiss wakeboarder with unilateral lower back 
soft-tissue swelling with side asymmetry. (a) STIR para-
sagittal image shows extensive muscle signal change and 
partial tear. (b) Sagittal T1-weighted image (WI) shows 
absence of fracture. Hematological results showed exten-

sively increased muscle enzymes. After further review a 
clinical history of acute trauma was obtained. Surgical 
fasciotomy was performed. Follow-up MRI demonstrated 
marked fatty replacement of unilateral paravertebral pos-
terior muscles consistent with posttraumatic compartment 
syndrome
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sion of the injury, which is considered to have the 
highest predictive value as it correlates with the 
amount of the muscle units separated from the 
aponeurosis (Connell et al. 2004). Morel-Lavallée 
syndrome, muscle hernia, and calcific myonecro-
sis are possible complications of a muscle injury, 
which are treated in a separate paragraph.

4.1.1  Hematoma
Superficial soft-tissue hematomas may be associ-
ated with minimal and often forgotten trauma. 
Deep-muscle hematomas are more frequently 
associated with more obvious trauma, coagula-
tion disorders (e.g., hemophilia), or derailed anti-
coagulation therapy. Often the MRI appearances 
of hematomas are complex due to the different 
stages of blood content as there may be a repeated 
hemorrhage within movement. The MRI appear-
ance of hematoma depends on the state of the 
hemoglobin molecule, whether it is intra- or 
extracellular in nature (Kransdorf and Murphey 
1997; Dooms et  al. 1985; Gomori et  al. 1985; 
Rubin et al. 1987). In the hyperacute phase blood 
is isointense on T1 weighting and decreased on 
T2 weighting, reflecting the earliest phase of 
oxygenated hemoglobin to deoxyhemoglobin. 
Due to cell lysis in the subacute phase (1 week to 
3 months old) hemoglobin molecules are released 
into the extracellular space and become methe-
moglobin, which is characteristically increased 
in signal intensity on T1 and T2 weighting. 
Weeks to months later the methemoglobin breaks 
down into hemosiderin (Fig.  8) with decreased 
signal intensity on T1 and T2 weighting. 
Breakdown of blood products in a hematoma is 
not a uniform process. The accelerated periph-
eral breakdown will show a low-signal rim 
whereas the central region may show higher, 
inhomogeneous signal intensity. It may some-
times be difficult to distinguish a simple hema-
toma from a large hemorrhagic neoplastic lesion 
(Jelinek and Kransdorf 1995). A solid, enhancing 
nodularity or rim may be helpful in distinguish-
ing between these lesions (Jelinek and Kransdorf 
1995). However an organizing hematoma may 
show some internal enhancement due to enhanc-
ing fibrovascular tissue and should be followed 
up to resolution, especially in an atraumatic clin-
ical setting. Secondarily infected hematomas 

may present a more complex MRI appearance 
with peripheral and surrounding soft- tissue 
reaction.

4.1.2  Morel-Lavallée Syndrome
Soft-tissue injuries like the muscle strains and 
tears stated above may present months or even 
years after a trauma, which makes the diagnosis 
more difficult. A posttraumatic cystic lesion, 
known as Morel Lavallée syndrome, occurs after 
a severe trauma to pelvis or thigh in an abrupt 
shearing force mechanism (De Coninck et  al. 
2017). It is a degloving injury where soft tissue is 
sheared from the underlying fascia which is 
accompanied by a repeated hemorrhage. Morel- 
Lavallée lesion presents as a subcutaneous cystic 
mass surrounded by a postinflammatory, fibrous 
capsule situated in the peritrochanteric region in 
between the iliotibial band and fascia lata 
(McLean and Popovic 2017). The contents of the 
lesion may accumulate slowly over a longer 
period of time, due to the anatomical predisposi-
tion of this region. The subcutaneous localization 
of the bone, the increased mobility of the soft tis-
sues, as well as the rich vascular supply of the 
dermis on this anatomical site may result in con-
tinuous drainage of blood into the lesion. The 
lesion presents with fluid-equivalent signal, but it 
may also be homogeneously hyperintense on T1- 
and T2-weighted images with no signal dropout 
after fat saturation due to chronic hemorrhagic 
contents. After gadolinium administration there 
is no or minimal peripheral enhancement (due to 
granulation tissue), seen on subtracted images 
due to hyperintense appearance on native 
T1-weighted images. The peritrochanteric region 
is the most frequent site; however Morel-Lavallée 
lesions have also been reported in the suprapatel-
lar region, abdominal wall, buttocks, and lower 
lumbar spine (M. erector spinae). The nonspe-
cific signal intensity may be challenging in the 
diagnostic process; however the typical localiza-
tion abutting a fascial plane in the peritrochan-
teric region should be suggestive. A differential 
diagnosis of a fat necrosis (typically less 
homogeneous signal intensity), abscess (typi-
cally locules of air and strong rim enhancement), 
and a soft-tissue hematoma (different localiza-
tions) should be considered.
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4.1.3  Myocele/Hernia
Muscle hypertrophy, which is commonly found 
in sporty individuals, may lead to a myocele, 
which is a muscle protrusion through an acquired 
or congenital fascial or myofascial defect, mim-
icking a mass lesion. It is a rare and painful 
lesion, which may occur in athletes due to exer-
tional fatigue and muscle hypertrophy (Sanders 
et  al. 2011). It occurs most frequently in lower 
extremities and may be undetectable during rest 
periods which requires dynamic visualization 
during muscle contraction (Thierfelder et  al. 
2019). Less frequent localization is the lateral 
abdominal wall, which may be acutely or chroni-
cally injured in a variety of athletic endeavors 
and may result in a lumbar hernia formation 
(Stensby and Baker 2016). Regarding dynamic 
examination ultrasound may be here advanta-
geous (Karantanas 2019).

4.1.4  Rhabdomyolysis
Rhabdomyolysis may occur due to endurance 
exercise and weight lifting in athletes or sudden 
increase in physical activity in less trained indi-
viduals (Furman 2015). Its clinical presentation 
may be very subtle in early phase, which makes 
the diagnosis challenging. Muscular pain or 
swelling, limited range of motion, and excretion 
of dark urine in young males with a history of 
extensive physical activity should raise concern 
for this condition. Undiagnosed and untreated 
rhabdomyolysis may lead to severe complications 
such as renal failure, compartment syndrome, and 
dysrhythmias (Furman 2015). On MRI imaging 
there is a diffuse T2 hyperintensity of the affected 
muscle group due to edema, sometimes occurring 
bilaterally. Together with the laboratory testing 
results (increased creatinine kinase level) it may 
be consistent with rhabdomyolysis. MRI imaging 
may be helpful to detect the exact distribution and 
extent of the affected muscle group.

4.1.5  Calcific Myonecrosis
Calcific myonecrosis is a rare entity, which 
occurs as a late complication of a lower limb 

trauma, often as a late sequel to compartment 
syndrome and injury of the common peroneal 
nerve (Fig. 2) . It is a fusiform mass with periph-
eral calcification and central liquefaction or cyst 
formation. Since there may be a long delay (up 
to few decades) between the injury and the pre-
sentation with a soft-tissue mass, the association 
with a traumatic event initially may not be con-
sidered in the diagnostic process, which may be 
challenging to differentiate from a neoplastic 
lesion. The common site of the calcific myone-
crosis is the calf. On radiographs calcific myo-
necrosis presents as a well-defined lesion with 
distinct, plaque-like, peripheral calcification 
replacing the leg musculature. Due to the very 
slow development process the lesion may erode 
the outer cortex of the adjacent bone, sometimes 
leading to a complete destruction of a diaphy-
seal segment (in particular in thin tubular bones 
like the fibula). On MRI the lesion presents on 
both T1- and T2-weighted sequences as a het-
erogeneous mass formation with some T2 hyper-
intense components due to the cystic changes. 
The chronic masses may increase in size over a 
period of months, several years, or even many 
decades due to the repeated intralesional hemor-
rhage. The lesion may show fluid-fluid levels, 
possibly due to precipitation of calcium salts 
and layering out of the old hemorrhage. The dif-
ferential diagnosis of this rare condition includes 
malignant soft- tissue tumors with calcifications, 
e.g., synovial sarcoma and soft-tissue osteosar-
coma. In contrary to the calcific myonecrosis the 
mineralization in synovial sarcomas commonly 
shows diffuse distribution throughout the lesion. 
Synovial sarcomas are frequently localized in a 
periarticular way within 5 cm of the joint. While 
synovial sarcomas may show some contrast 
enhancement, calcific myonecrosis typically 
shows no enhancement after gadolinium admin-
istration. Other conditions like dermatomyositis, 
polymyositis, and diabetic myonecrosis may 
also demonstrate calcifications; however they 
commonly show systemic manifestations with 
no history of a trauma.
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a

d

b c

Fig. 2 (a–d) Calcific myonecrosis. 45-Year-old male, 
Swiss yachtsman, who continues with cross-training 
which includes 100 km bike riding, presents with a fluctu-
ating lower limb mass. History of a prior trauma 30 years 
ago at a Sydney Harbour New Year’s Eve party was 
obtained, with lower limb boat crush injury and compart-
ment syndrome, which at the time had resulted in near 
amputation. (a) Sagittal T1-WI, anterior compartment 
muscle altered signal with peripheral decreased signal, 
mass-like effect, and posterior compartment extensive 
muscle fatty replacement. (b) Sagittal STIR sequence, 

marked peripheral decreased signal with central variable 
increased fluid signal. (c) Axial T1-WI, mass-like expan-
sion of two anterior compartment muscles and absence of 
normal muscle structure compared to normal muscle adja-
cent to proximal fibula and extensive fatty atrophy of the 
posterior compartment muscles. Extensive fasciotomy 
scar is not demonstrated here. (d) Axial STIR sequence 
shows the equivalent of anterior muscle replacement by 
peripheral calcified margin, central fluid collection, and 
dense calcification of the adjacent muscle
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4.2  Overuse and Tear 
of Ligaments and Tendons

Tears and overuse of ligaments, tendons, and 
muscles, both acute and chronic, may mimic 
 neoplastic lesions on imaging. The exact local-
ization of the tear often depends on patient’s age. 
The typical site in young athletes is the non-fused 
apophysis (Fig.  3). In older patients the tear is 
commonly localized in the tendon, due to degen-
erative changes as a predisposing factor. In adult 
athletic patients the tears occur most commonly 
in the myotendinous junction, which is the weak-
est anatomic site (Thierfelder et al. 2019).

Acute and chronic avulsion injuries which 
commonly affect immature bone structure may 
be mistaken for a soft tissue or bone tumor due to 
reactive bone overgrowth and fragmentation, 
associated tendinopathy, and peritendinitis 
(Perdikakis et al. 2017). In acute phase, when the 
MRI appearance may be suggestive for an aggres-
sive lesion, plain radiographs may be helpful to 

detect the avulsed bone fragment and thus to nar-
row the differential diagnosis. Partial avulsion of 
the adductor muscles from the femoral diaphysis 
in children due to sports injuries or overuse may 
simulate a malignant sarcoma on MRI (Anderson 
et  al. 2001). There is typical widespread intra-
medullary edema but absence of stress fracture 
lines as well as bone or soft-tissue mass. This 
condition has been studied using bone scans in 
adults during army training and was called 
“adductor insertion avulsion syndrome” or “thigh 
splints.” The cause is thought to be due to exces-
sive adductor contraction with stripping of the 
femoral periosteum anteromedially. Knowledge, 
particularly of the MRI findings with an appro-
priate clinical setting, can help physicians to 
make the correct diagnosis and avoid unneces-
sary biopsy. Proximal adductor avulsions near 
the symphysis pubis (Schneider et al. 1976) and 
intramuscular strains (Yoshioka et al. 1994) have 
been described in adults. Chronic muscle avul-
sion injuries in a variety of lower limb sites in 
children have been described (Anderson et  al. 
2004a, b). Overuse with excessive prolonged car-
rying of large babies may rarely lead to masses of 
the wrist, found to be due to de Quervain’s 
tenosynovitis.

Posttraumatic tendon tears of certain muscles 
may result in compensatory hypertrophy of other 
muscle groups due to changed weight load of the 
affected region (Sutter et al. 2013). The hyper-
trophic region may mimic a mass lesion. An 
example of this phenomenon is the hypertrophy 
of the ipsilateral tensor fasciae latae muscle due 
to tears of the gluteus medius or minimus 
tendon.

4.3  Nodular Fasciitis 
(Pseudosarcomatous Fasciitis)

Though quite rare nodular fasciitis is the most 
common pseudosarcomatous lesion, first 
described by Konwaler in 1955, most often 
occurring in young, athletic patients (20- to 
35-year-olds) (Rani and Gupta 2019). It is a 

Fig. 3 Avulsion anterior superior iliac crest and tensor 
fascia lata tear. 16-Year-old female gymnast who presents 
with bilateral flank pain and possible right-sided mass for 
review. Coronal STIR image demonstrates iliac crest avul-
sion fracture fragment on the right with focal tear of ten-
sor fascia lata. Less marked left-sided focal tear is also 
noted (arrows)
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benign, mass-forming, proliferative fibrous 
lesion considered to be reactive after trauma or 
infection. However the exact etiology is 
unknown. The lesions may grow rapidly and 
show spontaneous regression. The most common 
clinical presentation is a painful subcutaneous 
nodule. There is a predilection for the upper limb 
(especially forearms), followed by trunk and 
abdominal wall; however it may occur anywhere 
in the body (Rani and Gupta 2019). There are 
three forms of nodular fasciitis based on its 
localization: subcutaneous, fascial, and intra-
muscular. The most common is the subcutaneous 
form, presenting as named above subcutaneous 
nodules. The intramuscular form commonly 
appears as a focal round or ovoid mass attached 
to the fascia with sometimes infiltrative borders, 
which may be challenging to distinguish from a 
sarcoma. The fascial form usually spreads along 
superficial fascial planes with no circumscribed 
margins and may sometimes show stellate 
growth pattern. Early lesions typically have a 
high T2 signal intensity reflecting the myxoid 
histology (Jelinek and Kransdorf 1995; 
Kransdorf and Murphey 1997). Older lesions 
may have decreased signal intensity on T2 
weighting reflecting the predominantly fibrous 
histology (Jelinek and Kransdorf 1995). On 
T1-weighted images nodular fasciitis shows a 
homogeneous low signal intensity with slightly 
inhomogeneous enhancement after contrast 
media administration. There may also be some 
subtle soft-tissue edema and the lesion may show 
some aggressive features like transcompartmen-
tal growth, osseous, or articular  involvement 
which make the diagnosis even more challenging 
(Coyle et  al. 2013). The lesions are mostly 
smaller than 4 cm; 72% of them are smaller than 
2  cm. Overall the MRI appearance is 
nonspecific.

Not only the radiological diagnosis may be 
challenging but also the pathological diagnosis 
based on the cytology (fine-needle biopsy) may 
be demanding due to the hypercellular and poly-
morphic cell population. The awareness of the 
possible cytological misdiagnosis (false positive 

for sarcoma) is an important component of the 
diagnostic process and may require a tight col-
laboration between the radiologist and patholo-
gist (Rani and Gupta 2019). A suspected nodular 
fasciitis diagnosis should be followed up for the 
expected spontaneous regression.

4.4  Myositis Ossificans and Nora 
Lesion (BPOP)

4.4.1  Myositis Ossificans
Myositis ossificans is a common pseudotumor on 
MRI mostly related to a skeletal muscle with the 
highest prevalence for the flexor muscles of the 
arm and extensor muscles of the thigh (Boutin 
et al. 2002; Walczak et al. 2015). It may occur in 
association with other structures such as tendons 
and fascia.

Myositis ossificans is a solitary, self-limiting, 
abnormal ossifying soft-tissue mass mostly asso-
ciated with trauma, typically occurring in young, 
active males (Walczak et  al. 2015; Wang et  al. 
2018). The pathophysiology of MO is not com-
pletely understood. It is assumed to be caused by 
an inappropriate differentiation of fibroblasts into 
osteogenic cells induced by a skeletal muscle 
injury (Walczak et  al. 2015; Wang et  al. 2018). 
The history of trauma is often not initially appar-
ent, which can make the diagnosis difficult 
(Kwee and Kwee 2019). Thus carefully obtained 
detailed clinical history may play an important 
role in the diagnostic process.

The variability in appearance depending on 
the stage of the disease may also be challenging 
in the diagnostic process. Three stages are 
described in the evolution of myositis ossificans: 
early stage (<4  weeks), intermediate stage 
(4–8  weeks), and mature stage (>8  weeks) 
(Walczak et al. 2015). The awareness of the pos-
sible clinical presentation and the radiological 
appearance during all stages of the disease may 
be the key to diagnosis. The morphologic fea-
tures of the early stage of myositis ossificans may 
often be mistaken for a soft-tissue sarcoma due to 
the lack of typical ossification pattern. This may 
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lead to an unnecessary biopsy which may predis-
pose to even more extensive ossification and a 
worse outcome (Kransdorf and Murphey 1997).

In the initial phase of myositis ossificans 
(<4 weeks) the calcifications are frequently inap-
parent as the lesion includes mainly fibroblasts 
and myoblasts with only a small amount of oste-
oid formation (Wang et  al. 2018). The progres-
sion of the calcification process may only 
partially be defined by the stage of the disease, as 
the maturation process of the bones strongly 
depends on the age of the patient, similar to the 
callus formation (Kwee and Kwee 2019). During 
the initial, active phase the mass-like region may 
be clinically warm, painful, and woody in consis-
tency. Biopsy during the early phase of develop-
ment may give a false osteosarcoma diagnosis, as 
there is a florid osteoblastic activity. Serial radio-
graphs are useful to demonstrate the initial devel-
opment of amorphous bone, which may mimic 
the osteoid matrix on imaging and may be diffi-
cult to differentiate from an extraskeletal 
osteosarcoma.

During the intermediate phase (4–8  weeks) 
the amorphous bone progresses to a peripheral 
rim of calcification with a lucent center. In the 
mature phase (>8 weeks) the dense calcification 
is separate from bone, frequently running parallel 

to the long axis of the bone in a zonal pattern. The 
parosteal localization with distribution along the 
cortex may mimic melorheostosis. Characteristic 
sclerotome distribution in melorheostosis and 
lack of zonal ossification pattern should be help-
ful in the differentiation between these 
(Greenspan and Azouz 1999).

The presence of a cleft between the mass and 
the adjacent bone in myositis ossificans may be 
helpful in the differentiation from parosteal 
osteosarcoma. Also the localization of the lesion 
may be helpful in the diagnosis. Lesions located 
in MO-specific anatomical regions like the ante-
rior femoral cortex together with other charac-
teristics are suggestive of myositis ossificans 
(Walczak et al. 2015). Lesions in atypical local-
izations such as hands, feet, ribs, head, and neck 
should raise concern for malignancy (Walczak 
et al. 2015). Recurrent giant-cell tumor of bone 
in the soft tissue is a rare differential diagnosis 
of myositis ossificans with almost identical 
appearance on imaging (eggshell peripheral cal-
cifications) (Walczak et al. 2015). One rare vari-
ant of myositis ossificans occurring in the 
fingers and less commonly in the toes is a fibro-
osseous pseudotumor of the digits. Florid reac-
tive periostitis and Nora lesion (Fig. 4) (bizarre 
parosteal osteochondromatous proliferation/

a b

Fig. 4 (a, b) Nora lesion. 50-Year-old female after sports 
injury. (a) Ultrasound shows hyperechogenic rimmed 
lesion with posterior shadowing, at the site of previous 
trauma, with a history of decreasing mass size and soft- 

tissue swelling. (b) Lateral thumb radiograph confirms 
calcification (image courtesy of Dr. G.  Stuckmann, 
Kantonsspital Baden, Switzerland)
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BPOP) are considered to be a part of the same 
spectrum of lesions and may occur as a contin-
uum (Dorfman and Czerniak 1998) (see sepa-
rate paragraph).

CT is the best modality for detecting the typi-
cal zonal calcification pattern of myositis ossifi-
cans even before it becomes apparent 
radiographically. Mature calcification pattern is 
typical for MO; however on radiographs alone it 
may not be diagnostic (differential diagnosis par-
osteal sarcoma), which makes the intermodal 
approach crucial.

MRI is the best modality for imaging of soft- 
tissue masses; however due to limitations in the 
detection of calcifications it should be interpreted 
together with recent radiographs.

On ultrasound myositis ossificans may appear 
as an infiltrative muscle lesion with peripheral 
hyperechogenic calcifications and no detectable 
blood flow on Doppler study (Fonseca et  al. 
2019).

If the trauma involves deep-muscle injury in 
some cases there may be an associated periosteal 
reaction of the adjacent bone, referred to as peri-
ostitis ossificans. The appearances of myositis 
ossificans on MRI reflect the phase of develop-
ment and the zonal phenomenon of the histology. 
In the early phase before ossification the lesion is 
usually isointense to muscle on T1-weighted 
images with no distinct borders. It is centrally 
hyperintense on T2-weighted images with 
marked adjacent soft-tissue edema (De Smet 
et  al. 1992). The marked perilesional muscle 
edema (more than the double size of the central 
lesion) is specific but not pathognomonic for 
myositis ossificans in early/intermediate stage 
and may help to differentiate from malignant 
soft-tissue lesions (Zubler et al. 2020).

Since hematomas often occur in the initial 
phase, MO may show a heterogeneous signal 
intensity with high-signal areas on T1-weighted 
images due to the blood products. T2 hypointen-
sity may represent hemosiderin deposition or cal-
cifications (Walczak et  al. 2015). At the initial 
stage there may be a subtle peripheral rim. In 
subacute lesions with early peripheral calcifica-
tion there is a low-signal-intensity rim, like a 

tidemark on the beach when the wave is residing, 
reflecting this calcification. The center of the 
lesion may be isointense to muscle or slightly 
increased in signal intensity on T1-weighted 
images.

The T2 hyperintensity of the central portion 
may delineate the decreased signal of the periph-
eral rim more clearly (Jelinek and Kransdorf 
1995; De Smet et al. 1992). At the acute and sub-
acute stages the adjacent soft-tissue edema may 
be very prominent, which is unusual in malig-
nant tumors, unless they have undergone a 
biopsy or an intralesional hemorrhage (Jelinek 
and Kransdorf 1995). In the chronic phase, the 
central portion of the lesion is slowly ossifying, 
so that the signal intensity on T1- and 
T2-weighted images is analogous to yellow bone 
marrow (De Smet et al. 1992). Marked intrale-
sional enhancement should raise concern for 
sarcoma.

4.4.2  Nora Lesion (Bizarre Parosteal 
Osteochondromatous 
Proliferation/BPOP)

BPOP is an uncommon mineralized lesion of 
mesenchymal origin, usually affecting the proxi-
mal and middle phalanx of hand and feet, meta-
carpals, and metatarsals with commonly parosteal 
localization adjacent to bone surfaces. Hands are 
four times more often affected than feet 
(Torreggiani et  al. 2001). Less common docu-
mented localizations are long bones, skull, and 
maxilla. The lesion presents commonly as a 
rounded calcified mass attached to the adjacent 
bone with no alteration of the underlying cortex. 
It consists of bone, cartilage, and fibrous tissue 
(Gruber et  al. 2008). BPOP affects most com-
monly patients in the third and fourth decades; 
there is no sex predilection. The exact etiology of 
the lesion is unclear. It may occur within a repar-
ative process due to trauma (Mahajan et al. 2012). 
However in many affected patients no trauma has 
been recorded in the clinical history. According 
to its remarkably high recurrence rate (29–55%) 
and aggressive appearance it may be difficult to 
distinguish from a malignant tumor (Gruber et al. 
2008; Dhondt et al. 2006).
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4.5  Inflammatory Myopathies

As a heterogeneous group of muscle diseases, 
inflammatory myopathies may mimic other 
pathologies (Maurer and Walker 2015). Early 
diagnosis may be important for the outcome due 
to the amenability of the immunosuppressive 
therapy (Maurer and Walker 2015). Inflammatory 
myopathies are most usually diffuse in nature, 
commonly bilateral in the thighs or calves, asso-
ciated with weakness or tiredness and elevated 
blood enzyme levels (Fujimoto et  al. 2002). 
Muscle edema, fatty replacement, and muscle 
atrophy may be visualized on MRI imaging 
(STIR and T1-weighted images). A rare entity of 
pseudosarcomatous myofibroblastic prolifera-
tions (proliferative myositis, proliferative fasci-
itis, nodular fasciitis) may mimic soft-tissue 
sarcomas both clinically and on imaging (Jarraya 
et al. 2014). Proliferative myositis may present as 
a rapidly growing nodule, localized around the 
neck, head, or upper extremities. Due to the rapid 
growth the definite diagnosis mostly requires a 
biopsy. The MRI appearance may include some 
interspersed muscle fascicles within the mass, 
which may suggest the correct diagnosis and help 
to distinguish from nodular fasciitis (Jarraya 
et al. 2014). Inflammatory myopathies may occur 
in sporting individuals.

4.6  Muscle Denervation

Muscle denervation may mimic a tumor due to 
edema and swelling on MRI imaging in the acute 
phase. There are predisposing sporting activities 
leading to specific neural compression 
 syndromes. Not uncommonly, labral tear associ-
ated with suprascapular notch ganglion may be 
associated with acute to chronic supraspinatus 
and infraspinatus muscle denervation. 
Quadrilateral space syndrome is a relatively rare 
condition with symptoms caused by a mechani-
cal compression (e.g., labral tear with paralabral 
cyst) of the axillary nerve inferoposterior to the 
glenohumeral joint in the quadrilateral space 
leading to the atrophy of teres minor muscle and 
less commonly deltoid muscle (Robinson et al. 

2000). It is associated with overhead sports like 
baseball, volleyball, swimming, yoga, or triath-
lon (Brown et al. 2015). Repeated arm abduction 
and external rotation may also lead to compres-
sion of the posterior circumflex humeral artery 
(PCHA), resulting in a vascular quadrilateral 
space syndrome (vQSS) due to thrombosis, 
aneurysm formation, and distal emboli (Brown 
et al. 2015). Quadrilateral space syndrome may 
present with neurogenic symptoms (weakness, 
paresthesia, pain). It is commonly underdiag-
nosed, which may lead to a permanent disability 
of overhead athletes and threaten their career 
(Brown et  al. 2015). Repetitive traction and 
microtrauma within overhead motion in athletes 
may lead to the injury of the suprascapular nerve 
in the suprascapular notch with consecutive 
denervation of both supraspinatus and infraspi-
natus muscle. Inflammatory, infectious, or idio-
pathic conditions are the cause of suprascapular 
neuropathy in Parsonage-Turner syndrome 
(Ahlawat et al. 2015).

Iatrogenic nerve injuries, e.g., common pero-
neal nerve injury within knee surgery after minor 
sports-related trauma, may also lead to muscle 
denervation mimicking a tumor in the acute 
phase with muscle edema.

4.7  Stress Reactions in Soft Tissue

Superficial fat impingement, which mimics a 
mass lesion, is a relatively rare condition due to 
repetitive pressure with abnormal positioning or 
equipment over a longer period of time. 
Fortunately, this is infrequent; however, occa-
sionally obvious clinical histories may have been 
forgotten.

Chronic compression of the metatarsal region 
may lead to formation of a subcutaneous syno-
vial lined intermetatarsal bursa. This is a painful 
fluid collection in between the metatarsal heads, 
deep to the transverse metatarsal ligament (Van 
Hul et  al. 2011) with fluid-equivalent signal 
intensity and possible subtle enhancement in the 
periphery after gadolinium administration. If 
the fluid collection measures more than 3 mm in 
transverse diameter it is perceived as a cutoff 
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suggesting intermetatarsal bursitis. The diagno-
sis should be correlated with the clinical 
symptoms.

Another similar entity in the metatarsal region 
developed due to chronic stress and friction is an 
adventitious bursa. In contrary to the native 
named above, permanent bursa, this fluid collec-
tion is not lined with mesothelium, but with 
synovium-like columnar cells, being gradually 
formed within the process of chronic friction in 
the subcutaneous soft tissues. Due to the fluid 
content the lesion also shows low signal intensity 
in T1-weighted sequences and high signal inten-
sity on T2-weighted sequences, often with some 
intralesional band-like low-intensity structures 
(Van Hul et al. 2011).

Fortunately, rarely chronic fat impingement 
may occur due to shoe equipment wear and repet-
itive fat impingement (Fig. 5).

5  Bone-Related Pseudotumors

5.1  Fractures, Occult Fractures, 
and Stress Reactions

Posttraumatic bony abnormalities such as 
occult fracture, stress reactions, and stress frac-
tures may mimic bone tumors. Rarely high-end 
sports individuals may present after forgotten 
sports trauma, and imaging appearances may 
initially be alarming, but with careful review 

for fracture lines and specific clinical question-
ing on trauma the diagnosis can be made 
(Figs. 6 and 7). Stress reactions and fractures 
may be mistaken for sarcomas among other 
trauma-related lesions on imaging. Due to 
increased athletic activity and advances in 
imaging technology stress fractures may be a 
common finding in athletes and military recruits 
(Breer et al. 2012; Behrens et al. 2013). Stress 
fractures may be subdivided due to their etiol-
ogy into fatigue and insufficiency fractures 
(Breer et al. 2012). Fatigue fractures occur due 
to abnormal or repetitive stress on a normal 
bone structure and are typical for athletes 
(Fig.  5). Insufficiency fractures mostly affect 
weakened bone structure (e.g., due to osteopo-
rosis, vitamin D insufficiency, steroid use, 
anorexia, bisphosphonate therapy) and are often 
seen in postmenopausal women (Fig. 8). Female 
athletes with eating disorder and lower bone 
density are often affected by stress fractures 
(e.g., female athlete triad) (Behrens et al. 2013).

The most common sites of stress fractures in 
athletes are metatarsals, tibia, fibula, and tarsal 
navicular (Behrens et al. 2013). Dancers and run-
ners are commonly affected athletes (Fig. 9).

Many sporting activities are associated with 
some specific sites and injury patterns (Pavlov 
1995) such as junction of pelvis and ischium in 
long-distance runners, and hook of hamate in 
golf and tennis players. Some localizations of 
stress fractures are practically pathognomonic for 
specific athletic activities such as spinal pars 
defects of the thoracic and lower lumbar spine in 
cricketers and unilateral defects often involving 
the side opposite to the bowling arm in fast-spin 
bowlers (Hardcastle et  al. 1992). Some sites of 
stress fractures may predispose to delayed union, 
e.g., anterior tibial diaphysis, lateral femoral 
neck, patella, medial malleolus, navicular, fifth 
metatarsal bone, and talus (Behrens et al. 2013). 
Fracture sites with lower risk for delayed union 
are posteromedial tibia, metatarsals, calcaneus, 
cuboid, cuneiform, fibula, medial femoral neck, 
and femoral shaft (Behrens et al. 2013).

The patient’s age predisposes to specific frac-
ture types. Both acute and chronic but also acute- 
on- chronic avulsion injuries in the immature 

Fig. 5 Fat impingement. 45-Year-old starting back to 
weekend sports activities. Gluteal fat impingement due to 
hard wear. Vasculitis and systemic disorders were 
excluded. Fat apron resection was performed and tumor 
excluded
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skeleton may simulate bone-forming surface 
tumors or intraosseous sarcomas. Stress fractures 
in the immature skeleton are frequently mistaken 
for sarcomas on imaging (particularly localized 
in the proximal tibia and distal femur) (Shimal 
et al. 2010).

MRI is the imaging modality with the high-
est sensitivity and specificity for stress fractures 
(Behrens et  al. 2013). Any linear low signal 
intensity on T1-weighed sequence associated 

with increased signal intensity of T2-weighted 
sequence which becomes more obvious after 
contrast administration and with fat suppres-
sion should prompt a diagnosis of a stress 
fracture.

Radiographs should always be performed as it 
may provide the correct diagnosis in many cases 
(e.g., stress fracture of the metatarsals). Along 
with attentive review of the clinical history (e.g., 
altered or excessive training, changed equipment) 

a

c

b

Fig. 6 (a–c) Occult posttraumatic fracture. A 38-year-old 
male with clinical concern for mass lesion, impingement, 
or labral tear. Additional history by radiology team elic-
ited heavy sports tackle injury. (a) Coronal STIR of the 
right hip shows bone marrow edema extending from fem-
oral head to intertrochanteric region. (b) Coronal T1-WI 
of the pelvis shows decreased signal right proximal femur, 

contralateral left intact. (c) Coronal T1-WI with fat sup-
pression after gadolinium contrast administration of the 
right hip outlines femoral head fracture line (arrow). 
Small ganglion is noted as well. There was no osteopenia 
or osteoporosis on bone density review. Orthopedic fol-
low- up confirmed normal return to function
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the awareness of the typical sites may suggest the 
correct diagnosis.

Furthermore some subtle findings like a spe-
cific pattern of the accompanying soft-tissue 
edema may also suggest the diagnosis (e.g., soft- 
tissue edema localized next to the MCL in a sub-

chondral insufficiency fracture of the knee) 
(Wilmot et  al. 2016). Any periosteal reaction 
associated with muscle hypertrophy in an athlete 
should prompt a review of the type of training 
and accurate pain characteristics, as the MRI 
findings may be due to overuse.

a b c

Fig. 7 (a–c) Tibial stress fracture. 57-Year-old-patient 
with knee pain and swelling. Additional clinical history 
revealed short-term period of heavy weight lifting. (a) 
Coronal T1-WI reveals medial tibial stress fracture. (b) 

Sagittal STIR shows reactive marrow changes, posterior 
medial tibial stress fracture line, and prominent soft-tissue 
reaction. (c) Coronal STIR stress fracture at the same level 
as in (a)

a b

Fig. 8 (a, b) Insufficiency fracture of calcaneus. 50-Year- 
old female presents with soft-tissue swelling of ankle and 
Achilles tendon dysfunction, with concern for mass, after 
increase in walking activity. (a) Sagittal T1-WI reveals a 

fracture line at the posterosuperior calcaneus and small 
Achilles tendon enthesophyte. (b) Coronal STIR shows 
the fracture line, marrow change, and minor imbibition of 
pre-Achilles Kager’s fat pad
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5.2  Avascular Necrosis

Avascular necrosis may occasionally mimic a 
cartilage lesion on radiographs, but the presence 
of the classical double-geographic line sign 
should make this diagnosis obvious on 
MRI. Young children practicing overhead sports 
like baseball may present with humeral capitel-
lum avascular necrosis (Panner’s disease) (Sakata 
et al. 2015).

Long-term use of steroids may be a predispos-
ing factor in the development of avascular necro-
sis (Min et al. 2008).

5.3  Rheumatological or 
Degenerative Joint Disease

Young athletes may also first present with a 
monoarticular joint disease which should be dif-
ferentiated from overuse within advanced degen-
erative joint disease. Laboratory screens are 
helpful here.

6  Normal Variants

Normal variants and their overuse may present as 
MRI pseudotumors. Normal bone marrow may 
occasionally cause concern for tumors; however 
use of T1/T2-weighted and STIR sequences usu-
ally excludes real pathology. The bone marrow 
composition may be assessed using chemical 
shift encoding-based water-fat MRI (Baum et al. 
2015).

Supernumerary bones (styloid bone, acces-
sory ossification centers for scaphoid tuberosity) 
(Capelastegui et  al. 1999), tarsal coalition, and 
accessory muscles (e.g., soleus muscle and exten-
sor digitorum brevis manus muscle) (Capelastegui 
et al. 1999) are some targets. Normal variants like 
accessory muscles are usually asymptomatic. 
However, sometimes they may cause symptoms 
due to the mass effect of the supernumerary mus-
cle on adjacent structures like nerves, vessels, or 
tendons, especially in trained athletes with hyper-
trophic muscles (Perdikakis et al. 2017). Visible 
swelling may mimic a soft-tissue tumor (Fig. 10) 

a b

Fig. 9 (a, b) Bilateral tibial stress fractures. 18-Year-old 
male marathon runner, including mountain running. 
Presents after 14-km mountain run with concern for tumor 
and osteoid osteoma. Coronal STIR bilateral tibia demon-
strates right-sided incomplete stress fracture at the proxi-

mal to mid-third junction with adjacent soft-tissue 
reaction and left proximal tibial stress reaction. (b) 
Coronal T1-WI with right diaphyseal cortical periosteal 
and intramedullary stress reaction and more diffuse region 
of stress reaction at the left proximal tibia
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(Desimpel et  al. 2017). The awareness of the 
regional anatomy and normal variants together 
with MRI imaging may help in differentiation 
between both conditions.

Occasionally tarsal coalition and calcaneal 
spurs associated with peroneal tendon inflamma-
tion and partial tear may be associated with a 
marked synovial reaction and tenosynovitis, 
mimicking a pseudotumor.

Awareness of these syndromes and review of 
the radiographs usually allow correct diagnosis. 
A frequent finding among the normal variants is 
a periosteal desmoid presenting with an avulsive 
cortical irregularity of the distal femur often mis-
interpreted as a suspicious finding by less experi-
enced readers.

7  Infection

Pyomyositis may occur in healthy sporty indi-
viduals; however the clinical presentation prior 
to MRI strongly suggests infection with red-
dened skin, pain, and often systemic features 
such as fever. Patients with immunosuppression 
may present with less signs of inflammation, 
which may be confusing both clinically and 
radiologically. MRI features (Soler et  al. 1996, 
2000; Ogilvie et  al. 2001; Abdelwahab et  al. 
2003) suggesting an abscess include a thickened 
peripheral rim on T1 and T2 weighting, which 
may have increased signal intensity on T1 
weighting and demonstrate marked contrast 
enhancement. Immunosuppressed patients com-

a b

Fig. 10 (a, b) Bony anatomic variant (prominent tuber-
culum peroneum) associated with tendon partial tear and 
inflammatory reaction of soft tissues. 50-Year-old week-
end sportsman with clinical concern for overuse or tumor 
mass. (a) Axial fat-suppressed T1-WI after administration 

of gadolinium contrast shows lateral calcaneal tubercle 
prominence associated with peroneal tendinosis, adjacent 
tenosynovitis, and skin contour deformity. (b) Sagittal 
STIR, peroneal tendon partial longitudinal split tear, and 
soft-tissue reactive change
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monly have an absence of marked adjacent soft-
tissue and subcutaneous edema. Fortunately, 
atypical organisms such as cysticercosis, 
Echinococcus granulosus in hydatid disease, and 
Coccidioides immitis in coccidioidomycosis may 
rarely cause abscess formations with a mass-like 
appearance on MRI (Jelinek and Kransdorf 
1995). HIV- positive patients may rarely present 
with a highly vascularized, angiomatosis-focal 
infection in soft tissues, which may erode and 
involve adjacent bone, mimicking a sarcoma, 
due to infection with Bartonella henselae, a 
gram-negative bacillus (Biviji et al. 2002). This 
organism may also be involved in “cat scratch 
disease” (Dong et al. 1995), as the carrier is usu-
ally a cat and is usually associated with single 
lymph node enlargement.

8  Calcium Deposition 
Disorders

Calcium deposition disorders—hydroxyapatite, 
gout, and calcium pyrophosphate dihydrate crys-
tal deposition disorders with calcium deposition 
in tendons, ligaments, and bursae—may create 
MRI pseudotumors. Patients with a provisional 
clinical diagnosis of tumor associated with liga-
ment calcification may be referred for MRI 
(Anderson et al. 2003a, b). The MRI appearance 
may include a focal thickening of the lateral col-
lateral ligament associated with adjacent marked 
soft-tissue reaction and intravenous gadolinium 
contrast enhancement, which may correlate on 
radiographs with soft-tissue calcifications. In the 
resorptive phase the calcifications may migrate 
inside the tendon, which may cause severe pain 
due to the inflammatory process (Bianchi and 
Becciolini 2019). Extratendinous and intramus-
cular migration of hydroxyapatite crystals has 
also been documented, which due to muscle 
edema and inflammation may be misdiagnosed 
as neoplasm on MRI (Pereira et  al. 2016) 
(Figs.  11 and 12). With its acute clinical onset 
and dissipation on follow-up radiographs, this 
entity is presumed to occur due to hydroxyapatite 
deposition.

Awareness of this entity is critical for a correct 
MRI diagnosis of a pseudotumor.

Review of radiographs at the time of MRI may 
be helpful in detecting calcifications. This condi-
tion is more characteristic within the rotator cuff 
tendons of the shoulder.

9  Metabolic Disorders

Metabolic disorders may be associated with MRI 
pseudotumors such as amyloid deposition and 
hyperparathyroidism, though they are most 
unusual in sporting individuals. Secondary amy-
loidosis is the most common of this unusual 
group, often seen in association with chronic renal 
failure. This condition occurs due to the deposi-
tion of beta-2 microglobulins within joint capsules 
and tendon sheaths. It may rarely be associated 
with pseudotumors near joints. Characteristically 
there is a decreased signal intensity on T2 weight-
ing, which appears to reflect the collagen-like 

Fig. 11 Calcific tendinosis. 40-Year-old female, week-
end tennis player. Axial STIR sequence shows calcifica-
tion of subscapularis tendon, extratendinous subdeltoid 
extension, and reactive muscle changes. Additional his-
tory was obtained by the radiologist for sudden marked 
pain increase. Radiograph confirmed calcific 
tendinosis
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nature of the amyloid (Kransdorf and Murphey 
1997). The hypointense appearance on 
T2-weighted imaging may already narrow the dif-
ferential diagnosis as it is less common. Besides 
amyloidosis, hypointense signal may occur more 
typically with hyperacute hemorrhage or chronic 
hemosiderin deposition, cartilaginous loose bod-
ies, tenosynovial giant-cell tumor, rheumatoid 
arthritis, hemochromatosis, gout, calcium pyro-
phosphate arthropathy (CPPD), hydroxyapatite 
deposition disease (HADD), tumoral calcinosis 
(Steinbach et al.  1995), arthrofibrosis, and iatro-
genic lesions with fibrosis (Wadhwa et al. 2016).

Unusual in athletes, though mentioned for 
completeness sake, secondary hyperparathyroid-
ism may be associated with brown tumors of 
bone which are nonspecific on MRI.  The most 
common clinical setting is chronic renal failure 
with high serum calcium, low serum phosphorus, 
and high parathormone level. Idiopathic tumoral 
calcinosis may present as an MRI pseudotumor 
with large septated regions of variable signal 
intensity in periarticular regions on both T1 and 
T2 weighting; however review of the radiographs 
allows for this diagnosis.

10  Foreign-Body Reactions

Foreign-body reactions due to trauma or as a con-
sequence of trauma such as retained surgical 
swabs (“cottonballoma”) (Kalbermatten et  al. 
2001) fortunately are less common, though they 
should be considered in the appropriate clinical 
setting. Close inspection for traces of intramedul-
lary screws, subtle metallic artifacts, or direct 
evidence of retained foreign bodies, such as 
glass, should be sought for.

Surfers may be rarely exposed to foreign-
body reactions, as described in a case report pre-
senting a “Surfinoma” (Squire et  al. 2010). A 
fragment of a fiberglass surfboard, located in M. 
latissimus dorsi, has been left after a surgical 
closing procedure, forming a sinus to the axillary 
region. A year after the injury the patient pre-
sented with a mass in the left axillary region, red-
ness of skin, and a small fluid collection 
consistent with an abscess formation inferior to 
the foreign bodies (Squire et al. 2010). This rare 
case may help to raise awareness for any foreign-
body reaction and its possible appearance in 
athletes.

a b

Fig. 12 (a, b) Calcific tendinosis. 35-Year-old female, 
weekend sports, presents with a pseudopalsy of upper 
limb and concern for tumor. (a) Axial STIR sequence 
shows calcific tendinosis, calcification rupture, and 

adjacent reactive signal change in the teres minor muscle. 
(b) Coronal STIR shows soft-tissue reactive changes 
adjacent to the focal calcification
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11  Vascular Pseudoaneurysms

Less common MRI pseudotumors include 
pseudoaneurysms of the hand arteries, which 
may present as soft-tissue masses without fur-
ther symptoms (Anderson et al. 2003a, b). Due 
to their superficial location and proximity to 
the bones, the arteries of the hand are fre-
quently exposed to minor or repetitive trauma, 
which may lead to a pseudoaneurysm forma-
tion (Gardiner Jr. and Tan 2017; Conn Jr. et al. 
1970).

The most common location of the arterial 
injury due to blunt trauma is the hypothenar 
region, where the superficial branch of the ulnar 
artery passes directly over the hook of hamate 
within the Guyon’s canal (Gardiner and Tan 
2017). This condition has been described as the 
hypothenar hammer syndrome and is associated 
with ischemia of the hand and fingers. The dam-
age of the endothelial cells results in platelet 
aggregation and thrombus formation with a fur-
ther cascade of a traumatic insult of the vessel 
wall, which may eventually lead to an aneurysm 
formation (Gardiner and Tan 2017; Glichenstein 
et  al. 1988). The compression of the sensory 
branch of the ulnar nerve may also occur 
(Glichenstein et al. 1988). The hypothenar ham-
mer syndrome has been usually described in 
adult men with industrial occupations involving 
repetitive blunt trauma to the hands (Newmeyer 
1993; Little and Ferguson 1972). It has also been 
described in sports-related injuries in handball 
players and baseball catchers (Glichenstein et al. 
1988; Newmeyer 1993; Little and Ferguson 
1972).

The thenar hammer syndrome (Janevski 1979) 
involves an acute or chronic compression of the 
radial artery between the first and second meta-
carpal, due to its superficial location being cov-
ered only by the muscle of flexor pollicis brevis 
and subcutaneous fat.

The commonest pseudoaneurysms involve the 
popliteal artery, which in up to 75% of cases may 
occur bilaterally if due to arteriosclerosis 
(Kransdorf and Murphey 1997). Additional MR 
angiography sequence may give the diagnosis 
here.

12  Posttreatment/Intervention 
(Steroid-Induced 
Osteoporosis, Insufficiency 
Fracture)

Though rare in sporting individuals, post- 
therapeutic appearance on MRI, including postra-
diation changes, may be associated with an MRI 
pseudotumor. Due to increasing popularity of 
physical activity among the elderly population 
with possible oncologic background, these condi-
tions may gain in significance. Postradiation find-
ings on MRI with signal alterations in soft tissue 
and bone marrow may initially raise concern for a 
true neoplasm; however on close review of the 
imaging characteristics, there is usually no real 
mass. The attentive review of the patient’s history 
(e.g., radiotherapy) usually allows a correct diag-
nosis (Richardson et al. 1996).

Things to Remember
 1. Check for the history of trauma—think myo-

sitis ossificans.
Review the history for specific sport and 
repetitive activity—think overuse/tears of 
 ligaments, muscles, and stress reactions or 
fractures.

 2. Ascertain whether there is true focal mass 
present. Consider larger FOV to look for 
asymmetries and compare to the contralateral 
side.

 3. Always correlate MRI with radiographs and/
or CT.

 4. 4. In case of superficial lesion—think hema-
toma/fat necrosis; in case of intramuscular 
lesion—think hematoma/infection/myositis 
ossificans (tidemark sign).

 5. Remember age-specific lesions:
Adolescents: Stress reactions and chronic 
avulsion fractures may mimic neoplastic 
lesion.
Aging population with more sporting 
activity.
Aging population—more osteoporosis and 
insufficiency fractures.
Check risk factors for AVN.

 6. Joint lesions: Remember that systemic disor-
ders may first present in one joint.
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 7. Marked irregular synovitis—think of rheuma-
tologic disorder or infection.
Abscess wall sign—increased signal on T1 
weighting within thickened wall.

 8. Ensure T1 weighting to review for normal 
marrow signal.

 9. Exclude normal variants with overuse—check 
radiographs.
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Abstract
The shoulder is the most common dislocated 
joint of the body with traumatic anterior instabil-
ity accounting for >90% of all dislocations. 
Sufficient interaction between static and dynamic 
stabilizers is important to prevent instability. 
Knowledge of the imaging anatomy and the vari-
ations of the labrum and the glenohumeral liga-
ments is crucial to identify pathology related to 
shoulder instability. Particularly traumatic injury 
to the anteroinferior labroligamentous complex 
(LLC) and the biceps-labral-complex (BLC) can 
be detected on cross-sectional imaging. Osseous 
injury and wear of the anterior glenoid are com-
mon as well as impaction fracture at the postero-
superior humeral head. Quantification of glenoid 
bone loss is important for therapeutic decisions 
and should be related to the extension of the Hill-
Sachs lesion by applying the on-track/off-track 
concept.

Microinstability is a typical phenomenon 
in overhead athletes in whom osseous and 
soft-tissue adjustments may lead to pathologic 
glenohumeral internal rotational deficit and/or 
posterosuperior impingent with a complex of 
certain imaging findings.

Atraumatic instability has to be clinically 
differentiated from non-pathologic hyperlax-
ity and is described to be related to shoulder 
complaints. The task of imaging is to rule out 
structural pathology in the glenohumeral joint 
and may allow for the documentation of 
redundancy of the anteroinferior LLC.
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1  Introduction: 
Epidemiology—
Classification

The shoulder joint requires a high range of 
motion to meet the tasks of everyday life and in 
particular to reach full athletic performance. 
Regarding the osseous articulation, the shoulder 
is the most inherently unstable joint of the body. 
Therefore a complex system of dynamic and 
static soft-tissue stabilizers is required in order to 
maintain joint congruence in any kind of move-
ment and sports activity. However, the wide range 
of motion makes the glenohumeral joint suscep-
tible to subluxation and dislocation due to acute 
traumatic events with injury to the stabilizing 
structures (Sheehan et  al. 2013). Traumatic 
anteroinferior dislocation of the shoulder joint 
accounts for more than 90% of shoulder patholo-
gies associated with glenohumeral instability 
(Smith 2006).

In addition, there are a number of sporting 
activities that require high mobility or even drive 
the glenohumeral range of motion to an extreme 
level in order to achieve maximum performance. 
This may result in repetitive microtraumatic 
damage, which in turn may lead to secondary 
complaints, structural adjustments, and injury 
and can thus significantly limit athletic perfor-
mance (Reinold and Curtis 2013).

In the general population of the United States, 
the incidence of traumatic shoulder dislocation 
has been reported as 8–24/100,000 persons per 
year. This would increase drastically in a male, 
young, and athletic risk group with 30/100,000 
shoulder dislocations per year (Galvin et  al. 
2017). Particularly in contact sports like 
American football there is a high incidence of 
shoulder dislocation with 51/100,000 cases per 
year and it has been documented that about 10% 
of the participants in the National Football 
League (NFL) combine report a previous history 
of shoulder instability (Galvin et al. 2017; Gibbs 
et al. 2015).

Both traumatic and microtraumatic instabili-
ties can occur or be promoted together with a pre-
existing bilateral hyperlaxity of the joint capsule 
and the ligaments, which in itself should not be 

considered pathological, but which additionally 
may complicate diagnosis and therapy (Longo 
et al. 2015).

Due to the overlap of these phenomena, exist-
ing classification systems are usually not suffi-
ciently comprehensive. Most classification 
systems divide instability subgroups by either by 
etiology or direction of dislocation or by a com-
bination of both.

A common classification approach for shoul-
der instability is that developed by Thomas and 
Matsen (Thomas and Matsen 1989). The acro-
nym TUBS (traumatic-unidirectional-Bankart 
lesion-surgery required) summarizes patients 
with acute traumatic anteroinferior shoulder dis-
locations. The AMBRI group (atraumatic- 
multidirectional- bilateral-rehabilitation-inferior 
capsular shift) was considered separate, compris-
ing patients with atraumatic multidirectional 
instability. In addition, a further patient group 
AIOS (acquired-instability-overhead-surgery) 
was added later, which covers overhead athletes 
with signs of microinstability (Burkhart et  al. 
2000).

Another classification system is that of 
Stanmore and co-workers, which is based on a 
triangular pole theory (Jaggi and Alexander 
2017). The traumatic structural pole I comprises 
the same patients like the TUBS subgroup. At 
pole II there are patients with structural atrau-
matic instability and pole III includes patients 
with nonstructural habitual instability with 
abnormal muscle patterning. No strict separation 
of these three poles is needed as patients may 
have various signs of each pole and may repre-
sent an individual point within the area of this 
triangle.

In 2002, Gerber and colleagues introduced a 
classification that incorporates the combination 
of unidirectional or multidirectional post- 
traumatic instability with or without hyperlaxity 
(Gerber and Nyffeler 2002). According to the 
classification particular treatment strategies can 
be applied. In addition to dynamic instabilities, 
static instabilities are also included; however the 
latter are usually based on rotator cuff disease or 
degeneration and cannot be considered a sports 
injury.
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Most recently a classification system has been 
introduced that covers the frequency, etiology, 
primary direction, and severity of the dislocation 
(subluxation vs. dislocation) and is therefore 
named the FEDS system (Kuhn 2010).

For the radiologist, the precise assignment of a 
patient to a category of a particular classification 
system of shoulder instability is not of primary 
importance. However, knowledge of the various 
causes of glenohumeral instability, their patterns 
on imaging, and different treatment strategies is 
important for the detection of relevant imaging 
findings in the spectrum of this disease.

2  Relevant Anatomy: 
Variants—Biomechanics

The glenohumeral articulation consists of the 
humeral head and the glenoid of the scapula, 
whereby the osseous contact of the two joint part-
ners contains only about 25% of the humeral 
joint surface (Murray et  al. 2013). The osseous 
articulation is part of the static stabilization of the 
shoulder, with the depth of the glenoid fossa hav-
ing the greatest effect on reducing glenohumeral 
translation. The glenoid labrum, composed of 
fibrous connective tissue, increases the humeral 
contact area with the scapula by 50% and is also 
the attachment site for further static stabilizers, 
the glenohumeral ligaments that are considered 
to be reinforcements of the joint capsule (Burkart 
and Debski 2002; Howell and Galinat 1989). The 
superior (SGHL), the middle (MGHL), and the 
inferior glenohumeral ligament (IGHL) can be 
distinguished, whereby the latter can be divided 
into an anterior and posterior band forming the 
axillary recess in between (Fig.  1) (Motamedi 
et al. 2014). Primarily the rotator cuff but also the 
deltoid muscle, the scapular rotatory muscles, 
and the long head of the biceps tendon function 
as dynamic stabilizers (Murray et  al. 2013). 
Essentially, the glenohumeral stability is ensured 
by two mechanisms: the compression of the 
humeral head into the glenoid cavity and scapu-
lohumeral muscular balance.

The contribution of the glenohumeral liga-
ments to the stability of the shoulder joint 

depends on joint position. The glenohumeral 
ligaments play a particularly important role in 
the extreme positions of shoulder movement. 
Abduction and external rotation (ABER) of the 
humerus is the joint position that is particularly 
prone to anteroinferior dislocation. The antero-
inferior labroligamentous complex (LLC) is of 
crucial importance in this joint position (Burkart 
and Debski 2002). It can be described as a con-
tinuous unit from the bone of the glenoid over 
the anteroinferior labrum as the attachment 
point of the anterior band of the IGHL to its 
insertion at the humeral head (Fig. 2a). Normally 
folded and redundant in neutral position, the 
LLC becomes stretched in the overhead position 
in ABER and forms a stabilizing sling for the 
humeral head to resist anteroinferior dislocation 

C

Glenoid

Axillary pouch

Fig. 1 Schematic en face view of the glenoid with gleno-
humeral ligaments. The SHGL and the MGHL usually 
origin at the supraglenoid tubercle (arrowhead). 
Anteroinferiorly the aIGHL and posteroinferiorly the 
pIGHL can be found with the axillary pouch or recess in 
between. White arrows indicate the labrum with the sub-
labral foramen (black arrow) at the anterosuperior glenoid 
(SGHL superior glenohumeral ligament, MGHL middle 
glenohumeral ligament, aIGHL anterior band of inferior 
glenohumeral ligament, pIGHL posterior band of inferior 
glenohumeral ligament, C coracoid process)

Shoulder Instability



180

(Fig.  2b) (Murray et  al. 2013). The posterior 
band of the IGHL provides posterior stability 
with the humerus in flexion and internal rotation 
(Murray et al. 2013).

Variations of the labrum and the glenohumeral 
ligaments are common and must not be mistaken 
for pathology. The labrum is most of the time 
firmly attached to the glenoid rim and usually 
shows a triangular or rounded appearance on 
cross-sectional imaging (De Maeseneer et  al. 
2000). However, the superior labrum at the 
supraglenoid tubercle of the glenoid shows a 
variable attachment (Fig. 3). A sublabral recess 
or sulcus is the most common variation and can 
be seen in up to 73% of individuals and has to be 
differentiated from injury to the 
 bicipital-labral- complex (BLC) which is referred 
to as a superior labral anterior to posterior (SLAP) 
lesion (Smith et al. 1996).

In about 12–18.5% of the cases, a sublabral 
foramen or hole can be found between the antero-
superior labrum and glenoid and must not be con-
fused with a Bankart injury, which would be 
located more anteroinferiorly (Fig. 4) (Williams 
and Snyder 1994; Ilahi et al. 2002; Pfahler et al. 
2003). In the appearance of a sublabral foramen 
75% of the cases show a thickened, so-called 

cord-like MGHL. If the anterosuperior labrum is 
completely absent in the presence of a cord-like 
MGHL, this is referred to as a Buford complex, a 
rare variation (1.5–6% of cases) with no patho-
logic value (Fig. 5a,b) (Williams et al. 1994; Ilahi 

a b

Fig. 2 (a and b) T1-weighted MR arthrograms showing 
the normal appearance of the anteroinferior labroligamen-
tous complex (LLC) (arrow) from the labrum at the gle-
noid (G) to the humeral head (HH). (a) Standard 

paracoronal plane in neutral position with folded LLC. (b) 
Abduction and external rotation (ABER) position demon-
strating functional tightness of the LLC stabilizing the HH

Fig. 3 Normal appearance of the sublabral recess (arrow) 
on a T1-weighted fat-suppressed MR image in the para-
coronal plane. The recess can be found between the supe-
rior labrum (asterisk) and the supraglenoid tubercle 
(arrowhead), which is covered with cartilage
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et al. 2002; Ide et al. 2004). Of all glenohumeral 
ligaments MGHL is the one with the most varia-
tions. In the studies by Morgan et al. the varia-

tions of the glenohumeral ligaments are described 
(Snyder 1994). In approximately 2/3 of the cases, 
all three bands can be identified separately. The 
“cord-like” MGHL can be found in 19% and a 
fusion of IGHL and MGHL can be distinguished 
in 7% of the cases. This has been described as 
just as common as a complete absence of all gle-
nohumeral ligaments (8%). Complete absence or 
poor definition of the MGHL alone is described 
in up to 30% of cases (Fig. 6) (Wall and O’Brien 
1995; DePalma 1983).

It is important to acknowledge that these vari-
ations of the labrum and the glenohumeral liga-
ments are almost exclusively located in the 
superior and anterosuperior region of the shoul-
der joint, essentially above the equator of the gle-
noid. On the other hand, injury to the LLC in the 
context of traumatic anteroinferior shoulder dis-
location can be found below.

In the presence of a hypoplastic anterior labrum 
with concomitant hypertrophy of the anterior band 
of the IGHL, the ligament may overlap the 
labrum at the glenoid rim forming a small sulcus 
seen on transverse MR images in neutral shoulder 
position, which may not be mistaken for labral 
detachment (Fig. 7).

Fig. 4 Transverse T1-weighted MR arthrogram. 
Anterosuperior labrum (black arrow) and the MGHL 
(arrowhead) are shown as two structures at the anterosu-
perior joint with the sublabral foramen (white arrow) 
between the labrum and the glenoid. HH humeral head

a b

Fig. 5 (a and b) Buford complex. (a) Transverse 
T1-weighted MR arthrogram at the level of the superior 
shoulder joint showing absence of the anterosuperior 
labrum but a cord-like MGHL (black arrow). (b) On the 
corresponding sagittal T1-weighted MR arthrogram the 

absence of the anterosuperior labrum can be depicted as 
well as the appearance of the anteroinferior labrum (black 
arrowhead). Note the course of the MGHL (white arrow) 
to the joint capsule and the anterior band of the IGHL 
(black arrow). G glenoid
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3  Traumatic Anterior 
Instability

With about 90% of cases traumatic anterior dislo-
cation of the shoulder is by far the most common 
form of instability (Smith 2006). If any external 
force exceeds the resistance forces of the antero-
inferior LLC, the humeral head may dislocate 
anteroinferiorly. It is evident that the LLC has to 
be injured and interrupted at least at one point on 
the stabilizing chain during the event of disloca-
tion. During a first-time dislocation this may be 
soft-tissue injury with traumatic detachment of 
the labral insertion from the glenoid bone 
(Bankart lesion and variants) (Fig. 8a–f), disrup-
tion or extensive stretching of the anterior band 
of the IGHL, or avulsion of the IGHL at the 
humeral insertion (HAGL). Disruption of the sta-
bilizing sling may also occur as bony avulsion of 
the LLC at the anteroinferior glenoid rim or more 
rarely at the humeral insertion. In acute first-time 
dislocation anterior or anteroinferior glenoid 
defects may be small (bony Bankart lesion) but 
larger glenoid fractures may also be present. The 
impact of the humeral head into the glenoid rim 
during the event of shoulder dislocation often 
leads to a characteristic posterosuperior impres-
sion at the humeral head (Hill-Sachs lesion) or 

even a shear fracture of the whole greater tuber-
osity. Chronic instability with recurrence of 
shoulder dislocation is very common and may 
lead to additional soft-tissue injury and progres-
sive wear of the glenoid rim, attrition of a bony 
Bankart fragment, and increase of the Hill-Sachs 
impression.

3.1  Imaging in Shoulder 
Instability

Initially, radiographs of the shoulder should be 
obtained with a true anteroposterior and scapular 
Y-view to determine joint position and to search 
for fractures pre- and post-reduction (Ruiz 
Santiago et  al. 2017). Due to immobility and 
apprehension in acute dislocation axial views of 
the shoulder may not be possible; however, these 
views should be included in the evaluation of 
recurrent and chronic shoulder instability (Box 
1). Further imaging would be needed to deter-
mine the amount of soft-tissue and osseous 
injury. If radiographs show signs of a large gle-
noid fracture subsequent computed tomography 
(CT) may be indicated in the preoperative evalu-
ation of the shoulder (Fig.  9a, b). Particularly 
blurring of the anterior glenoid contour on 

a b

Fig. 6 (a and b) Anatomic variation of normal MGHL 
anatomy on T1-weighted transverse MR arthrograms. (a) 
Complete absence of the MGHL (circle) with firm attach-

ment of the anterosuperior labrum (white arrow) to the 
glenoid. (b) Hypoplasia of the MGHL (black arrow) with 
firm attachment of the anterosuperior labrum
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anteroposterior radiographs suggests an osseous 
Bankart lesion (Ruiz Santiago et al. 2017). MR 
arthrography has proven to allow for safe detec-
tion and classification of lesions of the 
 anteroinferior LLC, the BLC, and also the rotator 
cuff (Waldt et  al. 2005, 2004, 2007, 2006). 
Furthermore, bipolar osseous lesions can be 
depicted and quantified (Gyftopoulos et al. 2015) 
(Fig. 10a). Due to the presence of intra-articular 
hemorrhage MR imaging may be performed 
without intraarticular contrast in the first 7 days 

after initial trauma. High soft-tissue contrast and 
lack of radiation exposure are the advantages of 
MR imaging over CT (Box 2). However, CT 
arthrography has shown to also have the possibil-
ity to detect labral lesions and rotator cuff injury 
but primarily benefits from the excellent presen-
tation of osseous structures (Fig. 10b) (Chandnani 
et al. 1993; Acid et al. 2012) (Box 3). Standard 
CT without intra-articular contrast application 
may be sufficient for the assessment of glenoid 
bone loss (GBL) alone (Lo et al. 2004).

a

c

b

Fig. 7 (a–c) Pseudolesion of the anteroinferior labroliga-
mentous complex on consecutive transverse T1-weighted 
MR arthrograms. (a) Origin of the anterior band of the 
IGHL (aIGHL) (arrowhead) from the anteroinferior 

labrum. (b) The prominent and folded aIGHL (arrow-
head) builds a small pouch with the labrum, which may 
not be mistaken for a labral tear. (c) Note the further 
course of the aIGHL (arrowhead) to the humerus
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3.2  Soft-Tissue Lesions

Approximately 2/3 of the patients suffering 
from a first-time anteroinferior shoulder dislo-
cation show soft-tissue injury at the anteroinfe-
rior LLC.  This is more common in younger 
individuals <25 years of age as the strength of 
the labral attachment to the glenoid increases 
with age and osseous injuries become more 
likely. The classic form of injury is the Bankart 
lesion whereby different variations may occur. 

HH

G

HH

G

HH

G

HH

G

HH

G

HH

G

a

a a

a a

a

Fig. 8 (a–f) Bankart lesion and variants. (a) Normal 
labrum; (b) Bankart lesion with complete detachment of 
the labrum form the glenoid; (c) bony Bankart lesion; (d) 
Perthes lesion: Detachment of the labrum with intact peri-
osteum which is stripped medially; (e) anterior labrum 

posterior sleeve avulsion (ALPSA): medially dislocated 
rounded labrum with triangular cleft between the cartilage 
and the dislocated labrum; (f) glenolabral articular disrup-
tion (GLAD): Anteroinferior cartilage defect with adja-
cent incomplete labral tear

Box 1 Radiography

 – First-line imaging modality in the evalu-
ation of shoulder pathology.

 – True anteroposterior, Neer view, and 
axial view should be obtained.

 – To determine joint position and rule out 
fracture.

 – Subtle imaging signs may reveal poste-
rior dislocation.
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a b

Fig. 9 (a and b) 25-Year-old patient after anteroinferior 
shoulder dislocation: (a) Computed tomography with 
volume-rendering reconstruction showing large glenoid 

fracture (arrow) for preoperative planning. (b) 
Anteroposterior radiograph after open reduction and 
direct internal fixation

a b

Fig. 10 (a and b) Bony Bankart lesion. (a) T1-weighted 
MR arthrogram in the transverse plane. The arrow points 
to the hypointense osseous fragment at the anterior gle-

noid within the hypointense labrum. (b) Transverse recon-
struction of a CT arthrogram in the same patient. On CT 
the osseous injury (arrow) can easily be depicted
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However, about 1/5 of the lesions cannot be 
clearly classified into these categories either on 
MR imaging or with arthroscopy, although it is 
described in the literature that most of these 
lesions show features of a chronic ALPSA 
lesion (Waldt et al. 2005).

3.2.1  Bankart Lesion
The Bankart lesion is defined as a complete 
detachment of the IGHL and the anteroinferior 
labrum from the glenoid below the equator with 
additional disruption of the scapular periosteum 
(Fig. 11a, b) (Bankart 1938). In acute anteroinfe-
rior instability 86% of the patients show a classic 
Bankart lesion (Waldt et al. 2005).

3.2.2  Perthes Lesion
The Perthes lesion is a variant of the Bankart 
lesion, which occurs in about 17.9% of the cases 
(Waldt et al. 2005). It also shows an avulsion of the 
LLC from the glenoid below the equator. However, 
the detached labrum remains partially attached to 
the glenoid by the intact periosteum, which is 
stripped medially (Fig. 12). Therefore, the labrum 
may remain in its anatomical position on MR 
imaging with the shoulder in neutral position, 
which can make the diagnosis more difficult 
(Waldt et al. 2005). In this particular type of lesion 
functional MR imaging in the ABER position may 
be beneficial in order to better recognize the defect 
(Fig. 13a, b) (Wischer et al. 2002; Tian et al. 2013).

3.2.3  ALPSA Lesion
ALPSA is an acronym for anterior labrum perios-
teal sleeve avulsion and is another Bankart vari-
ant with an avulsed LLC but intact periosteal 
sleeve. The detached labrum is allowed to rotate 
medially at the scapular neck and has the ten-
dency to heal insufficiently with rounded scar 
formation at the anteroinferior glenoid (Neviaser 
1993a). The incidence of the ALPSA lesion 
increases with recurrent instability of the shoul-
der and therefore may also be considered a 
chronic variant of an initially existing Perthes 
lesion (Waldt et al. 2005). The typical sign of the 
ALPSA lesion on cross-sectional imaging is 
medial displacement of the rounded and scarred 
anteroinferior labrum with respect to the plane of 
the glenoid articular surface on coronal images 
(Fig. 14a). Furthermore a triangular cleft between 
the glenoid cartilage and the displaced labrum 
can be found on transverse images (Fig. 14b).

3.2.4  HAGL Lesion
Failure of the LLC may occur at the humeral 
insertion and result in humeral avulsion of the 

Box 2 MRI and MR Arthrography

 – MR arthrography is the gold standard in 
the detection of labral tears, partial rota-
tor cuff tears, and biceps pulley lesions.

 – Additional imaging in abduction and 
external rotation (ABER) increases the 
detection of the Perthes lesion, and may 
be of additional value in imaging after 
Bankart repair and evaluation of redun-
dancy of the anterior labroligamentous 
complex. ABER MR imaging must not 
be forced if the patient reports signs of 
apprehension.

 – Due to hemarthrosis after acute shoul-
der dislocation standard MR imaging is 
sufficient in the first 7 days after trauma.

 – MR arthrography allows for the deter-
mination of glenoid bone loss and rele-
vance of bipolar bone loss according to 
the on-track/off-track concept.

Box 3 CT and CT Arthrography

 – Standard CT is sufficient in the determi-
nation of the size of a glenoid fracture 
and glenoid bone loss on 2D and 3D 
images; however radiation exposure 
must be considered. Comparison with 
contralateral glenoid is helpful.

 – CT arthrography may show additional 
labral and rotator cuff tears but creating 
3D images for determination of glenoid 
bone loss is not possible due to density 
of intra-articular contrast.

 – CT arthrography is the best imaging tool 
for the evaluation of the shoulder after 
coracoid transfer.
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glenohumeral ligament (HAGL) (Fig. 15a). This 
is a rare variation of injury to the LLC found in 
9.3% of patients who underwent surgery for ante-
rior shoulder instability (Wolf et  al. 1995). The 
pathomechanism is described as shoulder dislo-
cation in extreme adduction and external rotation 

and is related to contact sports. On coronal MR 
images the configuration of the distally detached 
IGHL appears like the letter “J”; that is why this 
finding is referred to as the “J-sign” (Fig.  15b) 
(Carlson 2004). Occasionally, the IGHL may be 
avulsed with a small cortical fragment (bony 
HAGL or BHAGL) and if additionally associated 
with a Bankart lesion the injury is described as 
“floating IGHL” (Oberlander et  al. 1996). 
Reporting the HAGL lesion is crucial as the sur-
gical approach may be different in the treatment 
of this lesion. It is assumed that early MR arthrog-
raphy (within 7 days after trauma) shows a higher 
rate in the detection of a HAGL lesion as scar 
formation may impair the detection of the 
humeral sided defect later on (Liavaag et  al. 
2011).

3.2.5  GLAD Lesion
In a glenolabral articular disruption (GLAD) 
lesion there is a small anteroinferior labral tear 
with an adjacent chondral injury at the glenoid 
(Fig. 16) (Neviaser 1993b). Due to the fact that 
the fibers of the anterior IGHL and the distal 
labrum remain attached patients with a GLAD 
lesion do usually not suffer from clinically repro-
ducible instability but anterior shoulder pain.

a b

Fig. 11 (a and b) Acute Bankart lesion. (a) Transverse 
intermediate-weighted MR arthrogram with fat suppres-
sion in the transverse plane showing complete detachment 
of the anteroinferior labrum (arrow). (b) Corresponding 

sagittal T1-weighted MR arthrogram: The Bankart lesion 
(arrow) can be found anteroinferiorly below the equator of 
the glenoid (white line)

Fig. 12 Perthes lesion on a T1-weighted MR arthrogram 
in the transverse plane. Anteroinferior labral detachment 
(arrow) with continuity of the medially stripped perios-
teum (arrowhead)
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3.2.6  SLAP Lesion
A superior anterior to posterior lesion (SLAP) 
tear originates at the attachment of the BLC at the 
supraglenoid tubercle of the glenoid and may 

extend in the adjacent anterior and posterior 
labrum as well as into the biceps tendon or gleno-
humeral ligaments (Modarresi et  al. 2011). 
Basically Snyder and co-workers have described 

a b

Fig. 13 (a) Transverse T1-weighted MR arthrogram in a 
patient with anterior shoulder instability. At the anteroin-
ferior labrum (arrow) no injury can be detected. (b) 
T1-weighted MR arthrogram in abduction and external 

rotation (ABER) tightens the labroligamentous complex 
and allows the intra-articular contrast agent to fill the 
defect in this Perthes lesion (arrow)

a b

Fig. 14 (a) Coronal T1-weighted MR arthrogram with 
fat suppression: The black line corresponds to the glenoid 
plane. The white arrow points on the medially dislocated 
and scarred anteroinferior labrum in an anterior labrum 
periosteal sleeve avulsion (ALPSA). (b) Corresponding 

T1-weighted MR arthrogram in the transverse plane 
showing the typical triangular cleft (arrowhead) between 
the cartilage of the glenoid and the injured labrum 
(asterisk)
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four types of SLAP lesions (Snyder et al. 1990). 
A SLAP type I lesion describes an incidental 
finding with fraying of the superior labrum with 
intact biceps anchor and is of no clinical rele-
vance. Type II is the most common form of SLAP 
tears with an unstable tear of the BLC and most 
often associated with repetitive overhead motions 

and the peel-back phenomenon (Fig.  17) 
(Burkhart and Morgan 2001). Type III is defined 
as a bucket-handle tear of the superior labrum 
including the biceps anchor, considered a stable 
lesion (Fig.  17b). Type IV describes a bucket- 
handle tear with extension into the biceps tendon 
(Fig. 17c). Maffet et al. extended the classifica-
tion by types V–VII, which are SLAP II lesion 
with injury to additional structures (Maffet et al. 
1995). SLAP VI shows additional unstable flap 
tear of the superior labrum. Types V and VII are 
considered to be associated with traumatic insta-
bility as type V shows additional Bankart lesion 
and type VII extension of the SLAP II lesion into 
the MGHL (Kandeel 2020). Mohana-Borges 
described a type VIII lesion as a SLAP tear 
extending into the posterior labrum 
 (Mohana- Borges et al. 2003). Type IX has been 
described as a complete circumferential tear of 
the glenoid labrum. A superior labral lesion with 
extension into the rotator interval has been classi-
fied as SLAP X lesion.

The differentiation between a SLAP II lesion 
and the common sublabral recess can be chal-
lenging; however several criteria, which can be 
applied to CT and MR arthrography, have shown 
to aid with the diagnosis (Waldt et  al. 2006; 
Modarresi et al. 2011). Contrast-filled defects on 

ba

Fig. 15 (a and b) Humeral avulsion of the glenohumeral 
ligament (HAGL). (a) Acute HAGL lesion in a coronal 
T2-weighted MR arthrogram with fat suppression. Note 

the humeral-sided defect (arrow) of the IGHL (arrow-
head). (a and b) J-sign in a chronic HAGL lesion on a 
coronal intermediate-weighted MR arthrogram

Fig. 16 Transverse T1-weighted MR arthrogram: 
Anteroinferior cartilage defect (arrow) with adjacent par-
tial labral tear also referred to as glenolabral articular dis-
ruption (GLAD) lesion
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coronal images in the superior labrum that are 
widened and show irregular margins are not seen 
in an anatomic variant as well as lateral extension 
of the defect or medial extension into the inser-
tion of the biceps tendon (Fig. 18a–f).

MR arthrography allows for safe classification of 
the basic four types of SLAP lesions; however it is 
not so important to accurately classify lesions SLAP 
V–X but to correctly describe extension into addi-
tional anatomic structures (Holzapfel et al. 2010).

3.3  Osseous Lesions

3.3.1  Glenoid Bone Loss (GBL)
Detection of osseous glenohumeral injury is 
important as this may have influence on the treat-
ment strategy. To restore shoulder stability and 
function the decision between an arthroscopic 
Bankart repair, which means an anatomic refix-
ation of the labrum to the glenoid, or an extra- 
anatomic stabilization procedure such as a 

b

c

a

Fig. 17 (a–c) Basic superior anterior to posterior (SLAP) 
lesions on coronal T1-weighted MR arthrograms with fat 
suppression: (a) SLAP II lesion with contrast-filled defect 
at the superior biceps-labral complex (arrow). (b) Bucket- 

handle tear (arrow) of the superior labrum (SLAP III). (c) 
SLAP IV tear (arrow) with extension of the defect along 
the fibers of the biceps tendon (arrowhead)
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coracoid transfer (e.g., Latarjet or Bristow proce-
dure) or other bone augmentation techniques has 
to be made. In the acute setting large glenoid 
fractures may be fixed directly. Apart from the 
clinical and imaging findings the decision for 
arthroscopic Bankart repair may also be influ-
enced by local preferences of the surgical team. 
Anterior or anteroinferior GBL is common after 
first-time dislocation with about 22% of cases. It 
is present in >90% of cases of recurrent anterior 
instability as glenoid wear and attrition of osse-
ous fragments are linked to the number of dislo-
cations (Sugaya et al. 2003; Taylor and Arciero 
1997; McNeil et  al. 2017; Dickens et  al. 2019; 
Nakagawa et  al. 2014). Since the early 2000s 
there is an ongoing evolution in the literature 
which amount of GBL is tolerable and allows for 
successful performance of arthroscopic Bankart 
repair, particularly in recurrent shoulder instabil-
ity. In severe GBL the glenoid loses its normal 
pear shape and takes the form of an inverted pear 
representing GBL of more than 25%, which has 
been shown to severely limit the success of an 
anatomic LLC reconstruction (Fig.  19a, b) 
(Burkhart et al. 2002; Lo et al. 2004). However, 

other studies have shown that loss of more than 
20% of the osseous glenoid should be treated 
with an extra-anatomic procedure and detection 
and quantification of GBL in preoperative imag-
ing are extremely important (Shin et  al. 2017; 
Gottschalk et  al. 2017; Shaha et  al. 2015). 
Quantification of glenoid bone loss can be per-
formed on either 2D or 3D CT and MR imaging 
with more or less equal results; in the optimal 
case there is the possibility to compare the mea-
surements with the contralateral healthy shoulder 
(Walter et al. 2019; Moroder et al. 2013; Souza 
et al. 2014; Stillwater et al. 2017). A number of 
different measurements have been described, but 
ultimately two measurements, both using the 
best-fit circle method, have prevailed: the Pico 
method (Fig. 20a), which can determine the area 
of GBL or the representation of GBL as a per-
centage of the glenoid width (Fig.  20b) 
(Gottschalk et al. 2017).

3.3.2  Hill-Sachs Impression
Another osseous lesion resulting from shoulder 
dislocation is named the Hill-Sachs impression, 
which arises from the impact of the humerus 
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Fig. 18 (a–e) Differentiation between normal labrum, 
sublabral recess, and SLAP II tear at the biceps-labral 
complex: (a) Normal labrum with firm attachment; (b) 
sublabral recess with sharp and smooth margins, not 
extending over the cartilage at the supraglenoid tubercle; 

(c) SLAP II tear: Medial extension of the effect into the 
biceps anchor; (d) SLAP II tear: Lateral extension of the 
defect, which cannot be found in a sublabral recess; (e) 
SLAP II tear: widening and irregular margins of the defect 
without media or lateral extension
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against the anteroinferior glenoid during the 
event of dislocation. The lesion is very common 
and can be observed in up to 90% of patients with 
anterior shoulder instability (Yiannakopoulos 

et al. 2007). Accordingly, the impression is found 
on the posteroinferior humeral head (Fig.  21a). 
As a rule of thumb, the level of the coracoid pro-
cess should be used as a reference on transverse 

a b

Fig. 19 (a and b) Sagittal en face views of the glenoid on 
T1-weighted MR arthrograms: (a) Normal pear shape of 
the glenoid. The superior diameter (black arrow) is shorter 
than the inferior diameter (white arrow). (b) Inverted pear 

shape of the glenoid with substantial glenoid wear in a 
patient with recurrent shoulder instability. The inferior 
diameter (white arrow) becomes smaller than the superior 
diameter (black arrow)

a b

Fig. 20 (a and b) Measurement of glenoid bone loss on 
reconstructed 3D computed tomography images: (a) Pico 
method: After drawing a best-fit circle over the inferior 
glenoid the area of the glenoid bone loss (blue) can be 
determined and related to the area of the intact glenoid 

(red). (b) Glenoid width: A best-fit circle is drawn over the 
inferior glenoid and the width of the intact glenoid can be 
determined at the equator of the circle (red line). 
Percentage of the glenoid defect (blue) of the glenoid 
width can be calculated
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CT or MR images so that it may not be confused 
with the normal posterior humeral groove, which 
is located somewhat more distal (Fig.  21b) 
(Richards et al. 1994). A large defect, an oblique 
orientation, and medial location of the Hill-Sachs 
impression have been considered to be risk fac-
tors for engagement of the defect with the ante-
rior glenoid rim during abduction and external 
rotation predisposing to recurrent shoulder dislo-
cation (Di Giacomo et  al. 2016). Several mea-
surements determining the amount of an osseous 
humeral defect have been described on either 
2D/3D CT or MR imaging (Gowd et al. 2019). 
However, recent literature suggests evaluating 
Hill-Sachs lesions under the concept of bipolar 
bone loss with measurement of the glenoid track 
and Hill-Sachs interval (HSI) (Gowd et al. 2019; 
Di Giacomo et al. 2014).

3.3.3  On-Track/Off-Track Concept 
in Bipolar Bone Lesions

Engagement of the Hill-Sachs impression at the 
anterior glenoid depends on the sliding move-
ment of the humerus over the articular surface of 
the glenoid and its width. Therefore, the size of a 
Hill-Sachs lesion and the width of the glenoid 
must be related. Scientific observations have 

shown that the humerus glides from the neutral 
position to the position in abduction and external 
rotation on a defined path over the glenoid. This 
is called the glenoid track (GT) and it has a width 
of approximately 83% of the glenoid width 
(Fig. 22a) (Omori et al. 2014). If the medial bor-
der of the Hill-Sachs impression lies within the 
GT there is no risk of engagement and the Hill- 
Sachs lesion can be described as “on-track” 
(Fig.  22b). In contrast, an “off-track” lesion 
describes a Hill-Sachs lesion that is wider than 
the GT and may engage in a certain shoulder 
position, predominantly ABER (Fig.  22c) (Di 
Giacomo et al. 2014). Transferred to imaging, the 
GT can be determined by measuring the glenoid 
width using the best-fit circle method and multi-
plying it by 0.83. In order to determine the width 
of the Hill-Sachs lesion, the distance from the 
medial border of the Hill-Sachs impression on 
transverse CT or MR images to the articular sided 
insertion of the rotator cuff has to be determined. 
This distance is called the Hill-Sachs interval 
(HSI) because it consists of the width of the 
 Hill- Sachs impression plus a potential osseous 
bridge between the lateral border of the impres-
sion and the attachment of the rotator cuff (Di 
Giacomo et al. 2014). In the presence of GBL the 

a b

Fig. 21 (a and b) Transverse T1-weighted MR arthro-
grams: (a) Typical location of the Hill-Sachs impression 
fracture (arrow) at the posterosuperior humeral head, 

which can be found at the level of the coracoid process 
(C). (b) Normal posterior humeral groove (arrows) at the 
level of the lesser tuberosity (asterisk)
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width of the GT decreases and the distance of the 
GBL has to be subtracted from the GT of the 
original glenoid width. Therefore the risk of 
engagement of a Hill-Sachs impression can be 
determined with the relation between the GT and 
the HSI (Fig.  23a, b). Increasing GBL narrows 

the glenoid track and consecutively smaller and 
more laterally located Hill-Sachs impressions 
may be at risk for engagement and are indicated 
to be addressed with surgical techniques such as 
remplissage or bone augmentation (Hartzler et al. 
2016; Locher et al. 2016).

D
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Fig. 22 (a–c) On-track/Off-track concept: Schematic 
drawings with the shoulder in abduction and external rota-
tion. (a) The triangular Hill-Sachs impression lies within 
the glenoid track (GT) which is about 83% of the glenoid 
width (D) without glenoid bone loss (“on-track”). (b) 
Small amount of glenoid bone loss (d) leads to slight nar-
rowing of the glenoid track that the triangular Hill-Sachs 

impression still is within the glenoid track (“on-track”) 
during shoulder movement. (c) In substantial glenoid 
bone loss (d) the GT is narrowed so much that the Hill- 
Sachs impression may engage with the anterior glenoid 
rim during abduction and external rotation and is there-
fore “off-track”

a b

Fig. 23 (a and b) MR arthrograms in a patient after first- 
time shoulder dislocation: (a) Sagittal T1-weighted 
images showing no glenoid bone loss. Glenoid width is 
determined with the best-fit circle method (22 cm). Width 

of glenoid track: GT = 22 cm × 0.83 = 18.3 cm. (b) Width 
of Hill-Sachs interval (HSI) is 10  mm documenting an 
“on-track” Hill-Sachs impression (GT > HSI)
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3.4  Postoperative Imaging

Nonoperative treatment of shoulder instability 
leads to a high rate of recurrent shoulder insta-
bility (55%) (Bliven and Parr 2018). After previ-

ous stabilization procedures the recurrence rate 
drops to 7.5–23.2% with the Latarjet procedure 
being the more stable operation technique than 
Bankart repair (Donohue et al. 2017; Bliven and 
Parr 2018; Longo et  al. 2014). Return to full 
sports activity after Bankart repair may lead to 
another trauma, consecutive dislocation, and 
recurrent injury. However, postoperative insta-
bility or microinstability may also be present 
with failure of the procedure. In arthroscopic 
Bankart repair the injured labrum is fixed to the 
anterior glenoid rim with the use of bioabsorb-
able suture anchors often combined with an 
anterior capsular shift. MR arthrography is the 
method of choice in the evaluation of the postop-
erative labrum (Probyn et al. 2007). If abduction 
and external rotation can be actively performed 
by the patient without signs of apprehension 
ABER MR imaging may be of additional diag-
nostic value. The reattached labrum may be 
plump, rounded, or irregular in configuration; 
however, there should be objective continuity 
from the labrum to the glenoid bone (Woertler 
2007). Imbibition of contrast agent into the 
labrum and contrast agent separating the labrum 
from the glenoid are signs of detachment and 
fragmentation of the labrum (Probyn et al. 2007; 
Sugimoto et  al. 2002; Beltran et  al. 2018) 
(Fig.  24). Dislocation of suture anchors or 
foreign- body reaction has also been described as 
a complication of Bankart surgery (Burkhart 
2000; Woertler 2007). Mid- and long-term 
results show that arthropathy with osteoarthritis 
is a common phenomenon in nonoperative 
treated patients as well as after surgical stabili-
zation (Bliven and Parr 2018; Franceschi et  al. 
2011; Harris et al. 2013) (Fig. 25). Furthermore, 
determination of bipolar bone loss is as impor-
tant as preoperatively (Fig. 26).

Coracoid transfer, Bristow, or Latarjet proce-
dures have been shown to present the lowest 
recurrence rate of shoulder instability and are 
therefore the preferred first-line treatment in 
many countries even with minor glenoid bone 
loss. The tip of the coracoid process with the 
conjoined tendon is transferred to the anterior 
glenoid through a split of the subscapularis 
muscle belly. This can be performed either 

Fig. 24 Fragmentation of the labrum (black arrow) after 
Bankart repair in a patient with recurrent anterior shoulder 
instability. The position of a suture anchor can be depicted 
(white arrow) in the glenoid

Fig. 25 Transverse T1-weighted MR arthrogram in a 
patient after Bankart repair for anterior shoulder instabil-
ity. Note the loss of articular cartilage at the anterior gle-
noid (arrowhead) and osteophyte formation at the humeral 
head in dislocation arthropathy
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arthroscopically or with open surgery (Fig. 27a, 
b). Often seen complications of the Latarjet 
procedure are nonunion, and loosening or frac-
ture of screws as well as bone resorption of the 
transferred coracoid process with possible soft-
tissue irritation (Willemot et al. 2019; Ho et al. 
2016). CT or CT arthrography should prefera-

bly be used to evaluate patients after coracoid 
transfer (Fig.  28a, b). Other complications of 
the Bristow and Latarjet procedures include 
coracoid fracture, fatty degeneration of the sub-
scapularis muscle, infection, and secondary 
osteoarthritis of the glenohumeral joint 
(Woertler 2007).

ba

Fig. 26 (a) Progressive glenoid wear (black arrow) and 
(b) increase of the Hill-Sachs impression (black arrow) 
resulting in substantial glenoid bone loss (>25%) and an 

“off-track” Hill-Sachs defect in a patient with chronic 
anterior shoulder instability after Bankart repair

a b

Fig. 27 (a) Anteroposterior radiograph after Latarjet pro-
cedure. The distal coracoid process (arrow) including the 
conjoined tendon is transferred to the anteroinferior gle-
noid. (b) T1-weighted MR arthrogram in the sagittal plane 

through the glenoid showing the attached coracoid pro-
cess (arrow) with the conjoined tendon (asterisk). Note 
the split of the subscapularis muscles (arrowheads)
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4  Traumatic Posterior Instability

Traumatic posterior shoulder dislocation occurs 
in approximately 2% of all shoulder dislocations 
(Millett et  al. 2006). Especially in an active, 
young patient population, traumatic posterior 
dislocation may be present in up to 10% of cases 
with shoulder instability (Owens et  al. 2013). 
This is particularly true in American football 
players who are 15 times more prone to experi-
ence a posterior shoulder dislocation than the 
general population (Escobedo et  al. 2007). In 
general, posterior instability also refers to more 
common posterior subluxation phenomena 
through repetitive microtrauma that can ulti-
mately lead to frank posterior dislocation. In 
addition to classic causes of posterior shoulder 
dislocation such as violent muscle contraction in 
electric shock or convulsive seizures, direct ante-
rior or axial force applied to the adducted, inter-
nally rotated humeral head with 90° of elevation 
in contact sports or through recoil during shoot-
ing maneuvers can lead to posterior dislocation 
(Murray et al. 2013; Backer et al. 2018).

On initial radiographs the findings of posterior 
shoulder dislocation may be subtle (Fig.  30). 

First the joint space appears widened but the 
medial humeral contour overlaps the glenoid, 
although the true anteroposterior view is cor-
rectly tangential to the glenoid surface (Cisternino 
et al. 1978). Second, the humerus may be trapped 
in internal rotation (Cisternino et  al. 1978) 
(Fig. 29a). Third, the reverse Hill-Sachs impres-
sion forms an abnormal double line at the medial 
circumference of the humeral head, the so-called 
trough line sign which is pathognomonic for pos-
terior shoulder dislocation (Gor 2002; Cisternino 
et al. 1978) (Fig. 29a). Fourth, on Neer views the 
posterior decentering of the humeral head with 
respect to the center of the glenoid can be identi-
fied (Fig. 29b). On MR imaging a reverse Hill- 
Sachs lesion, also named McLaughlin lesion, can 
be detected in 86% of the cases. Rarely, adjacent 
fractures of the tuberosities or the humeral shaft 
may be found (Saupe et  al. 2008; McLaughlin 
1952). The presence of a reverse Hill-Sachs 
impression may predispose to recurrent posterior 
shoulder dislocation with engagement in internal 
rotation. The reverse Hill-Sachs defect can be 
quantified with the gamma angle, which is con-
sidered critical in values over 90° (Moroder et al. 
2015). To determine the gamma angle a best-fit 
circle is placed over the humeral head contour at 

ba

Fig. 28 (a and b) Transverse computed tomograms with 
typical findings of failure after shoulder stabilization 
according to Latarjet. (a) Screw fracture (black arrow) 
and surrounding signs of loosening (arrowhead) and con-
comitant nonunion of the coracoid transfer (white arrow). 

(b) Partial bone resorption of the coracoid transfer with 
exposure of the fixation screw (arrow), which may lead to 
mechanical irritation of the adjacent subscapularis 
tendon
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the site of the largest extent of the reverse Hill- 
Sachs defect (Fig.  30). After that an angle is 
drawn from the center of the circle to the bicipital 
groove and the medial defect margin.

About 1/3 of the patients show a reversed 
osseous Bankart lesion and approximately 2/3 
present with a posterior capsulolabral defect 
(Saupe et  al. 2008) (Fig.  31). The soft-tissue 
lesion may be complete avulsion of the posterior 
labrum (reverse Bankart lesion) or posterior 
labrum periosteal sleeve avulsion (POLPSA) in 
which the periosteum remains intact (Fig. 32). A 
specific finding described in the literature is 
Kim’s lesion, a concealed partial avulsion of the 
posteroinferior labrum, which is important to 
detect on MR imaging as it may be easily over-
looked on arthroscopy (Kim et al. 2004) (Fig. 33).

In contrast to the anterior labrum, the poste-
rior labrum shows no significant normal varia-
tion, although a small posterior cleft between the 
labrum and the glenoid can be normal. However, 
a posterior chondrolabral cleft has been described 
to be associated with increased retroversion of 
the glenoid and posteroinferior glenoid dysplasia 
(Campbell et al. 2014). Slight retroversion of the 
glenoid is normal and reported with a mean of 
1.23° (range 9.5° anteversion–10.5° retroversion) 
(Churchill et al. 2001). However, in the presence 
of a posterior labral tear retroversion of >5° can 
lead to increased posterior translation of the 

ba

Fig. 29 (a and b) Radiographs of posterior shoulder dis-
location. (a) Anteroposterior radiograph with trapped 
internal rotation of the humerus indicated by the oblique 
appearance of the greater tubercle contour (white line). 
The trough line sign can be seen with a double contour at 
the medial humeral head (arrows) representing an impac-

tion fracture. Although the image is taken tangential to the 
glenoid, the joint space cannot be identified. Bone frag-
ment indicating reverse Bankart fracture (arrowhead). (b) 
Neer view radiograph clearly demonstrating posterior dis-
location of the humeral head with respect to the center of 
the glenoid (white arrow)

Fig. 30 Evaluation of the significance of the reversed 
Hill-Sachs defect. A best-fit circle is drawn over the 
humeral head contour. The gamma angle represents the 
angle between the medial edge of the reversed Hill-Sachs 
impression and the center of the intertubercular groove
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humeral head. In the absence of labral pathology 
isolated retroversion of >10° leads to increased 
posterior translation forces and in values >15° 
surgical correction is suggested (Imhoff et  al. 
2019). A study by Owens et al. showed that for 

every 1° of increased retroversion the odds of 
developing posterior instability increase by 17% 
(Owens et al. 2013) (Fig. 34).

Localized hypoplasia of the posteroinferior 
glenoid has been found in about 15–20% of the 
population (Edelson 1995; Harper et  al. 2005). 
Typical forms are the rounded posteroinferior 
edge of the glenoid, the so-called lazy J form, or 
a triangular bony deficiency, the “delta form” 
(Weishaupt et al. 2000). The deficiency of bone is 
usually compensated by hypertrophy of cartilage 
and labrum (Harper et al. 2005). Glenoid dyspla-
sia is associated with posterior labral tears as well 
as posterior and atraumatic multidirectional 
instability (Harper et al. 2005) (Fig. 35).

Particularly in recurrent posterior shoulder 
dislocation osseous wear of the posterior glenoid 
rim may also occur. It has been indicated that an 
osseous restoration procedure, such as a bone 
block procedure, may be necessary in shoulders 
with a posterior glenoid defect ≥20% of glenoid 
width (Nacca et al. 2018). In addition it has been 
described that posterior glenoid bone loss (pGBL) 
may lead to engagement of smaller reverse Hill- 
Sachs lesions during internal rotation. To deter-
mine critical reverse Hill-Sachs lesion in pGBL 
2° should be added to the value of the gamma 
angle for every millimeter of posterior GBL 
(Moroder et al. 2017).

Fig. 31 Transverse intermediate-weighted MR image 
with fat suppression after acute posterior shoulder dislo-
cation showing a reversed osseous Bankart lesion (arrow). 
Additionally, retroversion of the glenoid can be appreci-
ated (white line)

Fig. 32 Completely detached posterior labrum represent-
ing a reversed Bankart lesion on a transverse intermedi-
ated MR image with fat suppression. Arrow indicates a 
large reversed Hill-Sachs impression at the anteromedial 
humeral head

Fig. 33 Kim’s lesion on a transverse T1-weighted MR 
arthrogram. Note the concealed detachment of the labrum 
filled with contrast agent (arrow)
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5  Microtraumatic Instability 
and Internal Impingement

There is no uniform classification of microtrau-
matic instability; however, the condition is often 
defined as any rotational or directional patho-

logic laxity that leads to abnormal biomechanics 
of the glenohumeral joint without dislocation. 
Furthermore it is unclear whether microinstabil-
ity and posterosuperior impingement in overhead 
athletes refer to the same pathologic condition or 
actually are two closely related but different enti-
ties (Lin et al. 2018).

Overhead athletes require a high degree of 
mobility in the dominant shoulder in order to 
achieve maximum performance. The prototype 
of the overhead athlete is the baseball pitcher 
who passes through defined phases during throw-
ing movement: windup, early cocking, late 
cocking, acceleration, deceleration, and follow-
through (Weber et  al. 2014). Particularly at the 
transition from the cocking phase to the accelera-
tion phase, high loads occur on the shoulder joint 
and humeral internal rotation angular velocity 
exceeds 7000°/s (Lintner et al. 2008). To achieve 
maximum speed in ball acceleration, the degree 
of external rotation of the shoulder is of crucial 
importance. This means to achieve maximum 
performance the overhead-throwing athlete has 
to maximize external rotation of the shoulder. 
Over time, the athlete develops increased mobil-
ity in abduction and external rotation, which go 
hand in hand with certain adjustments of soft tis-
sue and osseous structures.

On one side overhead athletes are particularly 
susceptible to injury in extreme abduction and 
external rotation. On the other side repetitive 
throwing movements also result in adaptations of 
soft tissue and osseous structures of the shoulder 
joint. The term “thrower’s paradox” describes the 
fine line between achieving maximum external 
rotation through structural changes in order to 
achieve maximum performance and the potential 
injuries that may result from these changes and 
concomitant repetitive microtrauma (Wilk et al. 
2002).

Osseous adaptation in overhead throwers 
includes humeral retrotorsion and glenoid retro-
version, both of which allow for a greater osseous 
clearance and therefore increased external rota-
tion of the arm (Kay et  al. 2018). The latter is 
assumed to appear as a reaction on posterior 
compression forces during the late cocking 
phase. Humeral retrotorsion may develop through 
extreme external torsional forces on the arm 

Fig. 34 T1-weighted MR arthrogram in the transverse 
plane in a patient without a history of posterior shoulder 
dislocation. Retroversion of the glenoid can be appreciated 
(white lines) and the white arrow indicates posterior labral 
defect suggesting posterior stress and recurrent subluxation

Fig. 35 Glenoid dysplasia on a T1-weighted MR arthro-
gram in the transverse plane. There is a rounded contour of 
the hypoplastic posteroinferior glenoid (arrow) with hyper-
trophy of the labrum showing additional tearing (arrowhead)
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while throwing during childhood and adoles-
cence (Lin et al. 2018).

5.1  Glenohumeral Internal 
Rotational Deficit (GIRD)

In the healthy throwing shoulder an increase in 
external rotation comes with a natural decrease in 
internal rotation. Normally, the full range of 
motion of the throwing shoulder should be the 
same as in the nondominant arm. During decel-
eration and particularly the follow-through phase 
of the throwing movement microtrauma to the 
posterior joint capsule, including the posterior 
band of the IGHL, occurs. This leads to scarring, 
contractures, and thickening of the posterior joint 
capsule with consecutive posterosuperior shift of 
the humeral head position allowing excessive 
external rotation (Burkhart et  al. 2003a). 
However, posterior capsular contracture also 
decreases internal rotation and is considered clin-
ically relevant when the internal rotational deficit 
of the throwing arm exceeds 25° relative to the 
nondominant shoulder (Braun et al. 2009). Tuite 
and co-workers described findings of a thickened 
posterior joint capsule, reduced posterior capsu-

lar recess, and thickened posterior labrum on MR 
arthrography in throwers with GIRD compared to 
normal shoulders (Tuite et  al. 2007). However, 
these findings have never been approved in fur-
ther studies.

The stress applied to the posterior band of the 
IGHL leads to osseous proliferation at the poste-
rior glenoid rim, which is referred to as the 
Bennett lesion (Fig. 36) (Ferrari et al. 1994; Park 
et al. 2016). This finding is described to be pres-
ent in 22% of baseball pitchers and is usually 
asymptomatic (Wright and Paletta 2004). 
However, the Bennett lesion may become symp-
tomatic through compression of the axillary 
nerve, impingement on the labrum and capsule, 
or avulsion.

Excessive external rotation is described to 
apply torsional and tensional forces on the 
biceps anchor and to “peel back” the biceps 
from the supraglenoid tubercle resulting in 
SLAP 2 lesions, which may extend into the pos-
terosuperior labrum (Burkhart et  al. 2003b) 
(Figs. 17 and 18).

Posterosuperior shifting of the humerus with 
respect to the glenoid also reduces the cam effect 
of the anterior humeral circumference resulting 
in secondary pseudolaxity of the anterior joint 

ba

Fig. 36 (a and b) Bennett lesion on T1-weighted MR 
arthrograms of the dominant arm in a 26-year-old volley-
ball player: (a) On the transverse image bony apposition 

at the posterior glenoid rim can be detected (arrow). (b) 
Corresponding sagittal image demonstrating the inferior 
location of the typical Bennett lesion (arrow)
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capsule (Burkhart and Lo 2007). This is described 
to worsen microinstability and increases the risk 
of developing posterosuperior impingement in 
the thrower’s shoulder. MR imaging in ABER 
position has the possibility to demonstrate pos-
terosuperior decentering of the humerus as well 
as redundancy of the anterior joint capsule (Waldt 
et al. 2014).

5.2  Posterosuperior Impingement 
(PSI)

PSI is described as the contact of the articular 
surface of the rotator cuff with the posterosupe-
rior labrum and glenoid rim during extreme 
abduction and external rotation. This contact is 
physiologic; however repetitive forced abduc-

a b

c

Fig. 37 (a–c) Tennis player with posterosuperior 
impingement. (a) T1-weighted MR arthrogram with fat 
suppression in the coronal plane showing posterior articu-
lar sided tear of the supraspinatus tendon (arrow). (b) On 
the transverse T1-weighted MR arthrogram bony remod-

eling of the glenoid and ossification of the posterosuperior 
labrum can be detected (arrow). (c) T2-weighted MR 
arthrogram with fat suppression in the coronal plane 
through the posterior greater tuberosity revealing intraos-
seous cyst formation
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tion and external rotation can lead to pathologic 
impingement with damage of the impinged 
structures. As described above certain soft-tis-
sue changes related to GIRD might aggravate 
symptoms in PSI (Mihata et  al. 2015). 
Furthermore it is described that pathologic 
impingement can be worsened by muscular 
fatigue and concomitant scapular dyskinesia in 
the athlete’s shoulder girdle (Laudner et  al. 
2006; Mihata et al. 2009).

A combination of findings is described in ath-
letes with PSI, which can be found on MR imag-
ing and more accurately MR arthrography (Fessa 
et  al. 2015). The abnormal contact between the 
cuff and the labrum leads to articular sided partial 
tears of the posterior supraspinatus tendon and/or 
the anterior infraspinatus tendon (Walch et  al. 
1992) (Fig.  37). Additionally fraying or tearing 
of the posterosuperior labrum can be found as 
well as ossification of the posterosuperior gle-
noid (Fig. 37b) (Walch et al. 1992). Bone remod-
eling and cyst formation at the posterior humerus 
have been described to be more frequent in domi-
nant shoulder of overhead athletes (Fig.  37c). 
MR arthrography in ABER position allows for 
demonstration of the corresponding defects and 

may be of additional value in the diagnosis of 
small articular sided rotator cuff tears.

5.3  Anterosuperior Impingement

Anterosuperior impingement (ASI) is a condition 
that particularly occurs in overhead athletes, 
although significantly less common than PSI 
(Kirchhoff and Imhoff 2010). In horizontal 
adduction and internal rotation of the arm, like in 
the follow-through phase of throwing or hitting a 
forehand strike in tennis the biceps pulley and the 
adjacent subscapularis tendon may be impinged 
against the anterosuperior glenoid rim. The long 
head of the biceps tendon (LHBT), the superior 
SSC tendon, and the biceps pulley may be injured 
through repetitive microtrauma (Elser et  al. 
2011). Biceps pulley lesions can be isolated tears 
of the SGHL or occur with additional superior 
SSC or anterior SSP tendon tearing. Isolated pul-
ley lesion can be detected on parasagittal MR 
arthrography if there is non-visibility of the 
SGHL and direct contact of the LHBT with the 
superior SSC (Fig.  38a, b) (Schaeffeler et  al. 
2012). Progressive wear through the biceps 

a b

Fig. 38 (a and b) T1-weighted MR arthrograms in the 
sagittal plane through the lesser tuberosity. (a) Normal 
appearance of the reflection pulley (arrow) of the long 
head of the biceps tendon (LHBT) and the relation to the 

subscapularis tendon (SSC) (asterisk). (b) Isolated tear of 
the biceps pulley (arrow) and concomitant tendinopathy 
of the LHBT. The SSC tendon (asterisk) is intact
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tendon may lead to superior SSC tearing with 
displacement of the biceps tendon into the defect 
(Fig. 39). Tendinopathy of the LHBT is a com-

mon finding associated with pulley lesions. A 
combined lesion of the biceps pulley and the SSC 
tendon may allow the LHBT to subluxate or dis-
locate medially with respect to the intertubercu-
lar groove (Braun et al. 2010).

6  Hyperlaxity: Atraumatic 
Instability

Atraumatic instability is often described as 
multidirectional instability (MDI) as instabil-
ity occurs in more than one direction (Warby 
et  al. 2017). However, multidirectional insta-
bility may also exist on the basis of an initial 
traumatic event or through microtraumatic 
adaptations. Generally atraumatic instability 
has to be differentiated from non-pathologic 
hyperlaxity of the joints (Longo et  al. 2015). 
There may also be some overlap with micro-
traumatic instability in overhead throwing ath-
letes and swimmers where increased range of 
motion in the shoulder is important to maxi-
mize athletic performance. Primarily, MR 
imaging has to rule out structural pathology of 

Fig. 39 T1-weighted MR arthrogram in the sagittal plane 
in a patient with a pulley lesion and an additional superior 
subscapularis tendon tear (arrow). Note the displacement 
of the biceps tendon (arrow) into the rotator cuff defect 
with signs of tendinopathy

a b

Fig. 40 (a and b) T1-weighted MR arthrograms in a 
21-year-old swimmer with clinical signs of multidirec-
tional instability without a history of trauma. (a) The sag-
ittal image shows a large axillary recess (arrow). (b) 
Image in abduction and external rotation revealing redun-

dancy of the labroligamentous complex (LLC) (white 
arrow). In this extreme joint position the LLC is not taut 
and a contrast-filled crescent-shaped space can be appre-
ciated (black arrow)
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the shoulder joint. Furthermore it is described 
that patients with atraumatic instability show a 
high joint volume with a widened capsule in 
the rotator interval or the axillary pouch (Lee 
et al. 2013; Hsu et al. 2010). MR arthrography 
in ABER position has the ability to demon-
strate redundancy of the anterior capsular 
structures compared to stable shoulders with 
the crescent sign (Fig.  40a, b) (Waldt et  al. 
2014).

Things to Remember
 1. The determination of glenoid bone loss is cru-

cial for the decision between an anatomical or 
an extra-anatomical stabilization technique in 
the treatment of acute and chronic anterior 
shoulder instability.

 2. The relevance of the Hill-Sachs impression is 
evaluated using the on-track/off-track con-
cept, in which the size of the Hill-Sachs inter-
val is compared to the glenoid track.

 3. Defined image criteria allow the often subtle 
diagnosis of posterior shoulder dislocation on 
radiography.

 4. Glenoid retroversion and glenoid dysplasia 
affect the occurrence of posterior shoulder 
instability.

 5. Adjustments of the shoulder to the require-
ments of overhead sports lead to a glenohu-
meral internal rotational deficit and 
pathological posterosuperior impingement.

 6. Typical imaging findings in overhead athletes 
are SLAP II lesion, posterior articular sided 
rotator cuff tear, posterosuperior labral lesion, 
intraosseous cysts at the posterior greater 
tuberosity, and Bennett lesion.

 7. Pulley lesions and superior subscapularis tear 
occur in anterosuperior impingement and can 
be best evaluated on T1-weighted parasagittal 
MR arthrograms.
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Abstract

Shoulder pain is a common sports-related 
complaint that may be caused by rotator cuff- 
related abnormalities. Accurate imaging plays 
a pivotal role in direct timing and type of treat-
ment and subsequential outcome.

Native MR imaging and ultrasonography 
are equally accurate and optimal and comple-
mentary tools to discriminate different forms 
of impingement symptoms and to localize and 
classify rotator cuff injuries. Currently, con-
sidering accuracy, safety, and cost, US is the 
preferred imaging modality to start with, when 
rotator cuff pathology is expected.

Partial-thickness rotator cuff tears are most 
commonly encountered in (overhead throw-
ing) athletes, particularly on the articular side, 
which are best appreciated using MR arthrog-
raphy including abduction-exorotation views. 
MR arthrography is also the preferred tool to 
rule out concurrent labral-ligamentous lesions 
and depict abnormalities related to posterosu-
perior (internal) impingement.

1  Introduction

Shoulder pain is a common sports-related clinical 
complaint, both in the recreational and profes-
sional setting, that may be accompanied by many 
disorders including abnormalities of the rotator 
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cuff and osseous acromial outlet and the biceps- 
labrum complex, and various other pathologic 
conditions, based on repetitive stress but also on 
torsional forces (Fritz 2002). One should be 
aware that rotator cuff and biceps-labral lesions 
secondary to trauma or overuse may coexist, pos-
ing challenges to physical examination (Van 
Kampen et al. 2014). The role of accurate (preop-
erative) imaging is thus pivotal, particularly when 
uncertainty exists regarding the primary cause of 
the pain (Helms 2002; Sanders and Miller 2005; 
Tirman et  al. 2004). In professional sports the 
income interests are enormous, and athletes may 
return to sports activities earlier than medically 
justified. Insight into the right diagnosis thus has 
important consequences for timing and type of 
treatment with subsequential outcome.

Because magnetic resonance (MR) imaging 
and ultrasonography (US) are noninvasive exam-
inations, both imaging tools are touted for estab-
lishing rotator cuff disease and cuff-related 
abnormalities.

Ultrasonography has substantial privileges for 
shoulder examination because of its noninvasive 
and nonionizing capabilities. Moreover, it is 
highly available and non-expensive, and the pain-
ful shoulder can be easily compared with the 
asymptomatic side (Box 1).

Another advantage of US is the dynamic evalu-
ation capability, which can be helpful in the assess-
ment of dislocated tendons. Nowadays, the spatial 
resolution of US with high-frequency transducers 
is higher than routine MR imaging (Fig. 1).

Besides diagnostic imaging, US can also be 
used as a guidance for interventional procedures, 

including aspiration of fluid or needle aspiration 
of calcific deposits, and biopsies, or injections for 
therapeutic reasons and differentiation in case of 
coexisting pathology, such as related to AC joint 
or biceps tendon. The agreement between exam-
iners with different levels of experience is very 
good with regard to the detection of rotator cuff 
tears and therefore US is a strong noninvasive 
tool in the initial examination of shoulder pain 
(Brenneke and Morgan 1992; Hodler et al. 1988; 
O’Connor et al. 2005; Teefey et al. 2000, 2004; 
Van Holsbeeck et  al. 1995; Wiener and Seitz 
1993; Rutten et al. 2010; Middleton et al. 2004). 
Considering accuracy, safety, and cost, US is the 
preferred imaging modality to start with, when 
rotator cuff pathology is expected (Roy et  al. 
2015; Nazarian et al. 2013; Wengert et al. 2019).

Box 1: Ultrasonography in Rotator Cuff 
Imaging: Privileges
 – Noninvasive, nonionizing and highly 

available
 – Non-expensive and fast
 – Interaction with patient and comparison 

with contralateral shoulder
 – Dynamic examination capabilities
 – Highly accurate for depiction of (par-

tial) cuff tears

a

b

Fig. 1 (a, b) Normal appearance of rotator cuff. 
Transverse (a) and longitudinal (b) ultrasound images 
show normal insertion of supraspinatus fibers at the foot-
plate of major tubercle. In between tendon and deltoid 
muscle, hyperechoic subacromial/subdeltoid bursa is 
seen. The cortical bone is hyperechoic, cartilage beneath 
the tendon is hypoechoic
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US, MR imaging, and MR arthrography all have 
high accuracy and any of these tests may be equally 
used for detection of full-thickness rotator cuff tears 
(Lenza et al. 2013; De Jesus et al. 2009; Roy et al. 
2015; Nazarian et al. 2013; Lee et al. 2016).

MR imaging, and MR arthrography in particu-
lar, is frequently the preoperative imaging tool of 
choice for many sports medicine surgeons (Fritz 
2002; Helms 2002; Magee et  al. 2004; Palmer 
et al. 1993). MR imaging is superior for the visu-
alization of even delicate intra- and extra- articular 
soft-tissue structures involved in the clinical syn-
drome of impingement. Due to the multiplanar 
capabilities, MRI is also favored for the detection 
of anatomical variations of the osseous outlet that 
may be involved with impingement symptoms 
(Fritz 2002; Sanders and Miller 2005) (Box 2). 
MR arthrography, performed after intra-articular 
injection of diluted contrast medium, improves 
the diagnostic accuracy in individuals with shoul-
der pain with regard to the detection of partial 
rotator cuff lesions and lesions of the glenoid 
labrum, capsule, and glenohumeral ligaments. 
Sensitivity of MRI and US is less than MR 
arthrography for the detection of partial tears 
(Lenza et  al. 2013; Roy et  al. 2015). Therefore, 
young athletes with chronic injuries or instability 
seem to benefit most from direct MR arthrography 
because they tend to have smaller labral tears and 
in addition partial rotator cuff pathology tends to 
occur more frequently and in atypical locations 
(Jbara et al. 2005; Magee et al. 2004; Tuite 2003; 
De Jesus et al. 2009; Wengert et al. 2019) (Box 3).

The mainstay of treatment of high-level ath-
letes suffering from rotator cuff pathology is non-
surgical. Initial treatment usually consists of 
exercises focusing on range of motion, flexibility, 
strengthening, and advanced strengthening/pro-
prioception. The rehabilitation may be combined 
with the judicious use of NSAIDs and corticoste-
roid injections. However, caution must be exer-
cised with repeated corticosteroid injections due 
to the reported risk of tendon weakening and rup-
ture. Although there is limited evidence to support 
one surgical treatment over the other, most opera-
tions are performed with arthroscopic technique. 
In most cases debridement of partial- thickness 
lesions will lead to decrease in pain and increase 
in function. However, return of  pre- injury level of 
sports cannot be guaranteed, especially for the 
elite-level overhead athletes (Weiss et al. 2018).

2  MR Imaging Technique

Imaging of the shoulder can be performed on 1.5 
or 3 T MR systems. Low-field systems are ade-
quate for evaluation of rotator cuff and osseous 
structures, but are less sufficient for assessment 
of the labroligamentous structures. In any sys-
tem, a dedicated multichannel shoulder coil or 
flexible body phased array coil is essential for 
acquiring optimal details. Patients should be 
placed in a comfortable supine position with the 
arm at the side in neutral or slight external rota-
tion. Field of views chosen should be kept as 
small as possible, still enclosing the entire shoul-
der. Slice thickness should be in the range of 
3–4 mm (Sanders and Miller 2005). In the litera-
ture, different imaging protocols are recom-
mended (Fritz 2002; Jbara et al. 2005; Jost et al. 
2005; Meister et al. 2003; Miniaci et al. 2002). A 

Box 2: MRI in Rotator Cuff Imaging: 
Privileges

 – Noninvasive, nonionizing and 
multidimensional

 – High soft-tissue contrast
 – Optimal visualization of both normal 

bone and soft-tissue anatomy and rota-
tor cuff pathology

 – Highly accurate for depiction of (par-
tial) cuff tears

 – Depiction of anatomical variants of 
(osseous) outlet

Box 3: MR Arthrography in Rotator Cuff 
Imaging: Privileges
 – Particularly useful in athletes to rule out 

or depict small partial-thickness tears
 – Optimal for detection of (concurrent) 

labral-ligamentous lesions

Rotator Cuff and Impingement Symptoms
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standard conventional MR protocol typically 
includes sequences in the axial, oblique coronal, 
and oblique sagittal plane (Box 4). The axial 
images extend from the (complete) acromion 
through the axillary pouch. The oblique coronal 
images are prescribed from the axial images and 
should be directed parallel to the supraspinatus 
tendon. The oblique sagittal images are also pre-
scribed from the axial series and aligned perpen-
dicular to the coronal images. Sagittal images 
extend from the scapular neck and distal clavicle 
through the lateral aspect of the greater tuberos-
ity. T2- and proton density-weighted images with 
or without fat suppression in the axial, oblique 
coronal, and sagittal planes are the working 
horses for evaluation of the painful shoulder 
(Fig. 2). These sequences in all dimensions opti-
mally reflect the pathology of bones, rotator cuff, 
capsule, and labrum, by identifying fluid and 
edema related to bursae, muscles and tendons, 
joints, and paralabral cysts (Jbara et  al. 2005; 
Sanders and Miller 2005).

Intermediate-weighted sequences offer higher 
signal-to-noise ratio, whereas T2-weighed 
sequences with longer echo times minimize 

magic angle effect present in curved structures 
such as at the distal supraspinatus insertion. 
Nonfat-suppressed sequences can be included for 
further anatomical information of the rotator cuff 
and osseous structures and to determine signs of 
fatty atrophy of the cuff (Jbara et al. 2005; Jost 
et  al. 2005; Miniaci et  al. 2002; Sanders and 
Miller 2005; Lin et al. 2018).

Patients with clinical symptoms of impinge-
ment and/or suspected rotator cuff abnormalities 

Box 4: Shoulder MR Imaging Protocol
 – Combination of axial, oblique coronal, 

and oblique sagittal sequences
 – Axial from above A-C joint to below 

axillary pouch
 – Oblique coronal parallel to supraspina-

tus tendon or scapula body, including 
the entire humeral head

 – Oblique sagittal perpendicular to 
oblique coronal plane

 – Combination of T1- and/or proton den-
sity- and T2-weighted TSE sequences 
with and without fat saturation

 – MR arthrography: axial, oblique coro-
nal, and oblique sagittal T1-weighted 
fat-saturated sequences; oblique coronal 
T2-weighted fat-saturated series; and 
separate sequence in abduction- 
exorotation (ABER) position

a

b

Fig. 2 (a, b) Normal MR imaging appearance of supra-
spinatus tendon. Distal supraspinatus tendon is not 
enlarged and hypointense on coronal PD-weighted (a) and 
T2-weighted fat-suppressed (b) Dixon MR images with 
intra-articular contrast. There is no bursal reaction or bone 
marrow edema
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can be assessed with non-enhanced MR imaging 
study in three directions and will accurately dem-
onstrate full-thickness tears (Fig. 3). In the young 
athletic individuals, partial-thickness tears that 
may cause symptoms and hamper sports activi-
ties can be encountered more frequently (Fig. 4) 
(Tirman et  al. 1994a, b; Tuite 2003). Although 
specificity is high, the sensitivity for the detec-
tion of those tears using non-contrast MRI is 
more susceptible to variation (Roy et al. 2015).

Particularly articular sided surface tears can 
be detected more accurately when intra-articular 
dilute gadolinium is administered. Using MR 
arthrography, T1-weighted fast spin-echo 
sequences are performed with fat suppression in 
the axial, oblique coronal, and oblique sagittal 
direction after intra-articular injection of approx-
imately 12–15 ml of a 0.1 mmol/kg solution of 
gadopentetate dimeglumine (Vanhoenacker 
et  al. 2000). Adding abduction and exorotation 
stress imaging (ABER) to this protocol is also 
very useful for detecting small partial tears on 
the articular side, besides the improved appreci-
ation of (non-displaced) anterior-inferior labral 
tears (Fig.  5) (Jbara et  al. 2005; Meister et  al. 
2003; Sanders and Miller 2005; Schreinemachers 
et al. 2009). As an alternative, delayed indirect 
MR arthrography after intravenous administra-
tion of gadolinium allows visualization of syno-
vial tissue lining the bursae, joint capsule, and 
tendon sheaths in the early phase and may 
enhance (partial) rotator cuff tears in the later 
phase after diffusion of the contrast medium into 
the joint space (Fig. 6).

a

b

Fig. 3 (a, b) Incomplete full-thickness tear of supraspi-
natus tendon. Coronal PD-weighted (a) and T2-weighted 
fat-suppressed (b) MR images show fluid-filled gap 
(arrow) with retraction of the tendon halfway the humeral 
head

Fig. 4 Partial-thickness articular sided tear of supraspi-
natus tendon (PASTA lesion). Coronal PD-weighted 
fat- suppressed MR arthrogram shows increased signal 
at articular side (arrow) of anterior distal tendon 
whereas other fibers are normally attached to the 
footplate
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3  Ultrasonography: Normal 
Appearance of the Shoulder

Over the last decennia, significant improvements 
of shoulder US have been achieved with the intro-
duction of linear-array, high-frequency transduc-
ers. Nowadays, 9–18 MHz linear broadband- array 
transducers are used, allowing a section thick-
nesses of 0.5–1 mm and in-plane spatial resolu-
tion in the range of 200–400 μm. Using these high 
frequencies, the spatial resolution with US is 
higher than acquired with MR imaging.

Assessment of clinical symptoms and plain 
radiographs should ideally be performed prior to 
US examination. Real-time diagnostic US of the 
shoulder should be conducted in a logical and 
systematic fashion. Performance of the shoulder 
US investigation has been eminently reported by 
Teefey et al. (1999), and can be subdivided into 
different anatomical regions (anterior, anterolat-
eral, superior, and posterior) (Lee et al. 2016).

Most imagers prefer a seated position of the 
patient with the examiner facing the patient or in 
a standing position behind the patient. The rota-
tor cuff tendons must always be carefully evalu-
ated in both coronal (longitudinal) and transversal 
dimensions to verify its continuity and quality 
(Fig.  1). Moreover, extending the examination 
dynamically with passive motion is a prerequi-
site. The tendon must be strained during the 
investigation by rotating and extending the arm in 
the direction that is contrary to the function of 
that muscle. Hypoechoic appearance and a non- 
stretched buckled tendon can erroneously be mis-
taken for a teared tendon.

From inside out, cortical bone, hyaline carti-
lage, rotator cuff tendons and muscles, subacro-
mial/subdeltoid bursa, peribursal fat, deltoid 
muscle, and subcutaneous tissue are normally 
appreciated with US (Fig. 1). The appearance of 
the cortical bone is hyperechoic with posterior 
acoustic shadowing. Hyaline cartilage is 
hypoechoic in contrast with the echogenicity of 
bone. Hodler et al. established an average depth 
of cartilage of 1.23 mm with MR imaging (Hodler 

Fig. 6 Full-thickness supraspinatus tear. Coronal 
T1-weighted fat-saturated TSE MR image after delayed 
i.v. contrast administration (indirect arthrogram). Gap 
representing tear (arrow) is filled with contrast medium 
after transsynovial diffusion into the joint

Fig. 5 Anteroinferior labral tear with intact spinatus ten-
dons. T1-weighted fat-saturated MR arthrogram in ABER 
view. Articular undersurface of supraspinatus tendon is 
completely normal (white arrow). Inferior glenohumeral 
ligament is under stress in this view accentuating subtle 
anteroinferior labral tear (black arrow)
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et  al. 1995) confirmed by Seibold et  al. (1999) 
based on US. At the bare area, the posterolateral 
part of the humeral head, lack of hyaline cartilage 
is detected as a normal finding. The echogenicity 
of the tendons is substantially dependent on 
probe position. When the ingoing ultrasonic 
beam is not perpendicular to the tendon, the 
appearance of the tendon can modify from hyper-
echoic and hypoechoic to even anechoic, referred 
to as anisotropy (Crass et al. 1988b). Perpendicular 
direction of the beam will result in a hyperechoic 
appearance of the tendon with an echogenic 
fibrillar echotexture (Martinoli et  al. 1993). 
Rotator cuff muscle texture appears isoechoic. 
The subacromial-subdeltoid bursa, which is 
interposed between the rotator cuff and the acro-
mion and deltoid muscle, is a two-layered hyper-
echoic compartment in which very little fluid can 
be seen. This fluid visually disappears by com-
pression. The deltoid muscle itself has a less 
echogenic appearance compared with the rotator 
cuff tendons. The supraspinatus tendon consis-
tently courses laterally from the supraspinatus 
fossa, blends with the infraspinatus tendon 
(coursing superolaterally from the infraspinatus 
fossa), and gets inserted on the anteromedial 
aspect of the superior facet of the greater 
tuberosity.

One advantage of US over other imaging 
modalities is its ability to examine dynamically, 
indicating possible subacromial impingement. 
The transducer is placed over the anterolateral 
region of the shoulder and free gliding of the 
supraspinatus tendon and subacromial- subdeltoid 
bursa beneath the acromion can be assessed while 
the patient is abducting the arm slowly (Lee et al. 
2016).

4  Shoulder Impingement 
Syndrome

Impingement reflects a clinical condition in 
which the subacromial soft tissues (supraspinatus 
tendon, biceps tendon, bursa) are compressed 

between the humeral head and (components of) 
the coracoacromial arch. Mechanical impinge-
ment may lead to a compromise of tensile integ-
rity and eventually rotator cuff tears. Several 
types of impingement can be distinguished when 
discussing sports trauma to the rotator cuff: pri-
mary (extrinsic) impingement, secondary 
impingement from instability, and posterosupe-
rior (internal) impingement, particularly in 
throwing athletes. Another rare form of impinge-
ment is coracohumeral impingement, which 
involves anterior soft tissues, particularly the 
subscapularis muscle and tendon.

MR imaging and MR arthrography are impor-
tant tools in establishing the form of impinge-
ment with significant relevance for subsequent 
therapy.

4.1  Primary Extrinsic 
Impingement

The arch that surrounds the rotator cuff is com-
posed of the acromion, the acromioclavicular 
joint, the coracoid process, and the coracoacro-
mial ligament. Anatomical variants and reactive 
degenerative irregularities of this osseous outlet 
may result in primary extrinsic impingement of 
the underlying cuff tendons and adjacent bursa 
with subsequent clinical impingement (Fritz 
2002). Although rotator cuff degeneration and 
tearing may be due to intrinsic factors, such as 
diminished vascularity and overuse, it has been 
proposed that the vast majority of rotator cuff 
tears may be secondary to chronic impingement 
between the humeral head and coracoacromial 
arch. It should be noticed, however, that primary 
impingement is fairly uncommon in young (ath-
letic) individuals (Tuite 2003). The pain is 
believed to be caused primarily by compression 
of the well-innervated subacromial bursa between 
rotator cuff and arch. In this respect, the shape 
and aspect of the anterior acromion, assessed on 
the oblique sagittal and coronal MR images, have 
been suggested to be of critical importance (Peh 
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et al. 1995). The shape of the under surface of the 
anterolateral acromion can be classified as flat 
(I), curved (II), anteriorly hooked (III), or convex 
(IV); however, variability among observers can 
be significant. Types II and III in particular are 
associated with higher incidence of impingement 
and rotator cuff abnormalities (Farley et al. 1994; 
Peh et  al. 1995) (Fig.  7). Downsloping of the 
acromion, either anteriorly (determined on sagit-
tal images, immediately lateral to the A-C joint) 
or laterally (on coronal images), may result in 
narrowing of the outlet and impingement of the 
distal part of the supraspinatus tendon (Fritz 
2002) (Fig. 8). Another causing factor of impinge-
ment may be the presence of bony spurs on the 
inferior surface of the acromion (Farley et  al. 
1994). Incidentally, a non-fused os acromiale 
may lead to osteophytic lipping at the acromial 
gap and as such impingement of the rotator cuff, 
tendinopathy, and tearing of the supraspinatus 
(Park et  al. 1994). The non-fused ossification 
center of the acromion is best appreciated on 
axial MR images. The subsequent effects on the 
rotator cuff are best visible on the oblique coro-
nal and sagittal images.

Osteoarthritic changes of the A-C joint are 
frequently encountered after the age of 40. This 
may result in spur formation and synovial and 
capsular hypertrophy with scarring. Although 
these factors may influence the rotator cuff, it is 
usually less critical compared with the changes 
of the anterior acromion (Sanders and Miller 
2005). Separation or instability of the A-C joint 
may result in a low-lying acromion that may 

contribute to impingement (Tirman et al. 1994a, 
b, 2004).

In the young athlete, posttraumatic A-C sep-
aration and/or lysis of the distal clavicle is not 
uncommon. This may occur after acute moder-
ate trauma or secondary to repetitive micro-
trauma caused by repetitive stress to the joint. 
In the early phase marrow edema of the distal 
clavicle can be seen on T2-weighted fat- 
suppressed images with some effusion, mild 
synovial hypertrophy, and soft-tissue edema. 
Later on joint widening can be found with irreg-
ularity of the cortex and subchondral sclerosis 
(Tirman et  al. 1994a, b, 2004). Bone marrow 
edema in the acromion and/or distal clavicle can 
be found in a clinical picture of impingement 
without rotator cuff abnormalities, but may also 
be appreciated in asymptomatic subjects 
(Fig. 9).

The coracoacromial ligament (CAL) is 
another component of the osseous outlet. This 
ligament is best appreciated on the oblique sagit-
tal MR images, as it extends from the coracoid 
process anteriorly to the acromion more posteri-
orly, covering the anterior fibers of the supraspi-
natus tendon and the rotator interval. The 
thickness of the normal ligament measures about 
2–3  mm. The CAL can be congenitally thick-
ened and incidentally be a source of primary 
impingement (Tuite 2003), or thickening can be 
reactive due to chronic pressure exerted by sub-
acromial structures during arm abduction. 
Incidentally, and almost exclusively in athletes, 
hypertrophy of the supraspinatus may cause 

H

A

I II III

Fig. 7 Schematic drawing of most common anterolateral 
acromion types. Type I: flat undersurface, type II: 
smoothly curved undersurface, type III: anteriorly hooked 

acromion (A, acromion, H, humerus). Type IV (not 
shown) represents convex undersurface of acromion

H.-J. Van der Woude and D. van Deurzen



219

clinical symptoms. In this case, the enlargement 
of the soft tissues is the cause of impingement 
rather than (osseous) narrowing of the acromio-
humeral space.

4.2  Secondary Extrinsic 
Impingement

Secondary extrinsic impingement refers to insta-
bility of the glenohumeral joint resulting in 
dynamic narrowing of the coracoacromial outlet 
(Fritz 2002). The outlet itself can be morphologi-
cally normal. This secondary impingement is 
considered the most common cause of impinge-
ment pain in the athlete (Tirman et  al. 2004). 
Usually, stability of the shoulder joint is provided 
by the static effects of the capsule, ligaments, and 
labrum on the one hand and by dynamic stabiliz-
ers including rotator cuff muscles and biceps ten-
don on the other hand. Repetitive microtrauma 
and weakening of the anterior capsule are quite 
commonly seen in overhead-throwing athletes. 
The instability itself is usually minor and by itself 
asymptomatic and may result from an asymmet-
ric capsular tightness secondary to repetitive 
throwing with a loose anterior capsule and a tight 
and shortened posterior capsule (Lin et al. 2018). 
This injury of the static stabilizers may influence 
and overload the dynamic stabilizers (cuff mus-
cles). Due to superior translation of the humeral 
head in these throwers, there is dynamic impinge-
ment of the rotator cuff in the coracoacromial 
outlet, resulting in tendinosis and (partial) tearing 
(Tirman et al. 1994a, b, 2004) (Fig. 10).

Accurate assessment of the cause of impinge-
ment has critical consequences for further treat-
ment: in the primary form of extrinsic 
impingement, open or arthroscopic surgery is 
warranted to remove osseous irregularities, 
whereas secondary impingement may be best 
treated by physical therapy aiming at balancing 
rotator cuff and avoidance of activities causing 
instability. Various surgical procedures are avail-
able to decrease the many factors that contribute 
to mechanical impingement of the rotator cuff, 
particularly the supraspinatus tendon: these 
include resection of a thickened coracoacromial 
ligament, anterior acromioplasty, resection of the 
distal clavicle, and resection of subacromial 
osteophytes. Small partial-thickness tears may be 
treated by arthroscopic debridement, whereas 
full-thickness tears are indicated for repair.

Fig. 8 Downsloping of acromion. Coronal T2-weighted 
fat-suppressed MR image shows lateral downsloping of 
acromion (white line) with subacromial bursal reaction 
and intratendinous high signal based on tendinopathy and 
bone marrow reaction

Fig. 9 Young table tennis player with complaints of 
impingement, no trauma. Coronal T2-weighted fat- 
saturated TSE image shows diffuse high signal intensity 
of acromion and a completely normal underlying cuff
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4.3  Internal Impingement

Internal impingement, also referred to as postero-
superior glenoid impingement, is a condition that 
is frequently encountered in athletes performing 
repetitive overhead throwing. Impingement 
occurs due to contact of the undersurface of the 
posterior rotator cuff between the humeral head 
and the posterosuperior labrum and osseous gle-
noid (Fritz 2002; Jobe et  al. 1989; Walch et  al. 

1992; Lin et al. 2018). This position occurs dur-
ing the late cocking phase of throwing with the 
arm in extreme abduction and exorotation 
(ABER). This may typically result in degenera-
tion and partial cuff tears, particularly infraspina-
tus and posterior supraspinatus, fraying of the 
posterosuperior labrum, and quite large subcorti-
cal cystic changes and edema of the humeral 
head in the posterior greater tuberosity, due to 
repetitive impaction (Figs. 11 and 12). Moreover, 
posterior capsular thickening and ossification 
(Bennett lesion) may occur under these circum-
stances (Ferrari et al. 1994; Lin et al. 2018).

The thickening of the posteroinferior capsule 
leads to limited internal rotation and is typically 
described as GIRD: glenohumeral internal rota-
tion deficit. In the overhead-throwing athlete this 
is frequently associated with an increased exoro-
tation as well, caused by the repetitive throwing 
motion (Rose and Noonan 2018).

These changes at this particular site are opti-
mally appreciated on MR arthrograms in ABER 
position (Fritz 2002; Tirman et  al. 1994a, b, 
2004; Tuite 2003; Lin et al. 2018) and are crucial 
in making the diagnosis prior to arthroscopy.

4.4  Coracohumeral Impingement

An unusual form of impingement is coracohu-
meral or coracoid impingement, in which the 
coracohumeral distance is narrowed (less than the 
normal 11 mm) on axial images, for instance due 
to developmental enlargement of the coracoid 
process or posttraumatic changes of the coracoid 
process or lesser tuberosity. This may result in 
entrapment of the subscapularis tendon between 
the humeral head and coracoid process compara-
ble to the classic impingement syndrome of the 
supraspinatus tendon (Sanders and Miller 2005).

The syndrome is most common after a history 
of chronic overuse with multiple episodes of 
microtrauma. Patients with this syndrome typi-
cally present with a history of dull pain in the 
anterior aspect of the shoulder that is exacerbated 
by activities performed when the shoulder is in a 
forward flexed, adducted, and internally rotated 
position (Okoro et al. 2009).

a

b

Fig. 10 (a, b) Tendinosis and partial tearing of supraspina-
tus tendon. Double-oblique PD-weighted TSE (a) and 
T2-weighted fat-suppressed (b) MR arthrogram images. 
Distal supraspinatus tendon is thickened and there is a rim of 
fluid in the subdeltoid bursa (arrow) and also small partial 
tear (thin arrow) distally and some edema of humeral head
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Moreover, tears of the subscapularis tendon 
may occur in overhead-throwing athletes, partic-
ularly within the inferior half at the myotendi-
nous junction. These patients present with 
axillary pain and loss of internal rotation and on 
MR increased fluid signal can be seen within the 
inferior subscapularis muscle with associated 
discontinuity of the myotendinous junction (Lin 
et al. 2018).

a

b

c

Fig. 11 (a–c) Internal or posterosuperior impingement. 
Coronal PD-weighted TSE (a, c) and T2-weighted fat- 
saturated (b) MR arthrogram. There is a focus of bone 
marrow edema in the humeral head and articular sided 
partial-thickness tear (black arrow) of posterior supraspi-
natus tendon (a, b) There is also suspicion of a subtle 
SLAP lesion (a, b) and HAGL lesion (c) (white arrow)

a

b

Fig. 12 (a, b) Internal or posterosuperior impingement. 
MR arthrogram slices in ABER view. There is a focus of 
edema of humeral head and partial-thickness tear (arrow) 
at articular side of posterior supraspinatus tendon (a) and 
fraying of posterosuperior labrum (b)
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5  MR Imaging and Rotator Cuff 
Injuries

Repetitive supraphysiological strains combined 
with internal impingement make overhead ath-
letes prone to rotator cuff pathology. Nonoperative 
management remains the main treatment option 
for most overhead athletes. Although techniques 
in imaging and surgical procedures in rotator cuff 
pathology have markedly improved over the 
years, not all patients will return to their pre- 
injury level of sports. The most common MR 
finding in the athlete with complaints of mild 
impingement pain is a normal cuff (Tuite 2003). 
In contrast, abnormal MR imaging findings are 
frequently encountered in shoulders of throwing 
athletes, due to highly repetitive stress and loads 
of the joints; however these findings do not nec-
essarily indicate pathologic symptoms (Aoyama 
et al. 2019). In a study among professional hand-
ball players abnormal findings were encountered 
in 93%, and only 37% were symptomatic (Jost 
et al. 2005). Only players with simultaneous MRI 
abnormalities of all three cuff tendons were more 
frequently symptomatic.

Partial rotator cuff lesions, posterosuperior 
glenoid impingement, and superolateral osteo-
chondral defects with cyst formation and edema 
were most frequently identified in those throwing 
shoulders (Connor et  al. 2003; Jost et  al. 2005; 
Miniaci et al. 2002). Knowledge of these signal 
changes of the rotator cuff in athletes may assist 
in differentiation between pathologic and non- 
pathologic findings, but correlation with physical 
examination is always pivotal (Connor et  al. 
2003; Jost et al. 2005). In another study, no sig-
nificant signal differences were found in supra- 
and infraspinatus tendons between throwing and 
non-throwing athletes (Miniaci et  al. 2002). 
Moreover, abnormal MRI signals can also be 
found in asymptomatic nonathletic shoulders in 
up to 30%, with an increase of incidence with age 
(Miniaci et al. 2002; Sanders and Miller 2005).

In the spectrum of cuff abnormalities, tendi-
nopathy or tendinosis is defined as the presence 
of intermediate-to-high signal intensity on inter-
mediate- or T2-weighted sequences not equal to 
water within the otherwise low SI substance of 

the tendon, frequently but not always accompa-
nied with mild-to-moderate thickening of the ten-
don (Fritz 2002) (Fig. 13). Degeneration of the 
rotator cuff becomes more common with age and 
may be primarily caused by intrinsic factors, 
such as diminished vascularity, overuse, and fail-
ure of the normal healing response within the ten-
don. Tendinosis is common in the supraspinatus 
tendon near the humeral attachment of the ten-
don. When the tendon is morphologically nor-
mal, it may not be possible to differentiate 

a

b

Fig. 13 (a, b) Tendinosis of supraspinatus tendon. 
Coronal PD-weighted TSE (a) and T2-weighted TSE (b) 
MR images. There is increased thickness of the tendon 
with focal increased signal intensity not equal to water
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tendinosis from signal alterations due to magic 
angle effect or partial volume averaging of signal 
from adjacent soft tissues on short echo time 
(TE) images. Persistence of abnormal signal on 
long TE images is a stronger indicator for tendi-
nosis (Fritz 2002). In the more severe cases, fis-
sures, edema, and myxoid changes may develop 
within the tendon substance with associated MR 
findings including fluid-signal fissures, intrinsic 
high signal intensity not equal to water within the 
cuff, and/or swelling of the cuff (Fig. 10).

In calcifying tendinosis calcific deposits can 
be appreciated either within the rotator cuff or in 
the bursa or periarticular ligaments. These calci-
fications are best seen either on plain radiographs 
or by US (Fig. 14). On MR imaging, the calcific 
deposits demonstrate as foci of low SI on both 
T1- and T2-weighted sequences, and are most 
conspicuous on gradient-echo T2*-weighted 
images (Fig.  15). Calcifying tendinosis most 
commonly affects the supraspinatus tendon. 
Commonly, there is associated thickening of the 
tendon and reactive inflammation of the bursal 
soft tissues. It should be noticed that increased 
signal intensity changes on T2-weighted images 
of the peribursal fat plane may also be present in 
the normal asymptomatic population. 
Superimposed tears of the rotator cuff are not 
typically encountered.

In general, sensitivity and specificity numbers 
of MR imaging in the detection of rotator cuff 

tears are in the range of 88–100% (Hodler et al. 
1992; Meister et  al. 2003; Quinn et  al. 1995). 
Correct identification of rotator cuff tearing in the 
young athletic individual by conventional MRI 
can be difficult since these tears are usually small 
and shallow and may not appear as the classic 
fluid-filled high SI defects on T2-weighted 
images. Moreover, tears can be found in more 
atypical locations (Tuite 2003).

Partial-thickness tears extend by definition 
partially through the thickness of the tendon in 
the superior-inferior direction, either on the artic-
ular or on the bursal surface. Moreover, intersti-
tial partial tears can be encountered. Irregularity 

Fig. 14 Calcifying tendinosis. Ultrasound image reveals 
calcium deposits (arrow) in more posterior part of supra-
spinatus tendon

a

b

Fig. 15 (a, b) Calcifying tendinosis. Ultrasound image 
(a) reveals calcium deposit in the distal supraspinatus ten-
don, confirmed by low-signal-intensity focus (arrow) on 
coronal gradient-echo MR image (b), accompanied by 
high-signal-intensity humeral head cyst
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and thinning or thickening of the tendon are other 
findings suggestive of a partial-thickness tear 
(Box 5). In the group of athletes, these types of 
tears are most frequently encountered (Tirman 
et al. 2004; Lin et al. 2018).

The high tensile strength of the tendons in 
young athletes makes the cuff resistant to exten-
sive tearing. On T2-weighted images, a partial- 
thickness tear is represented by high SI, equal to 
water, which is the hallmark of a rotator cuff tear. 
Fluid that extends in a discrete defect of the bur-
sal surface is found in bursal surface partial tears 
(Fig. 16). However, the most frequent locations 
of rotator cuff tears in athletes are the critical 
zone in the anterior half of the supraspinatus ten-
don at 0.5–1  cm from the insertion, the 
 undersurface area of the cuff attachment to the 
humerus (referred to as rim-rent tears), and pos-
terosuperior supraspinatus and anterior infraspi-
natus tears at 0.5–1  cm from the insertion site, 
particularly in overhead-throwing athletes 
(Tirman et al. 2004; Tuite 2003; Lin et al. 2018). 
The higher incidence of articular surface tears 
compared with bursal side tears is related to the 
eccentric forces on the cuff that are greater on the 
articular side in athletes. Moreover, the articular 
side fibers are weaker and healing after injury is 

diminished due to less vascularization. On native 
MR images, partial tears are best demonstrated 
on oblique coronal images, in particular on com-
bined proton density- and T2-weighted images 
with and without fat suppression (Fig. 17).

MR arthrography with fat suppression 
including coronal sequence (Fig. 18) and images 
in the abduction-exorotation stress position 
(ABER) allows detection of even small partial 
tears and delamination on the articular surface 
of the spinatus tendons and is strongly advo-
cated by many authors (Hodler et  al. 1992; 
Magee et al. 2004; Meister et al. 2003; Palmer 
et  al. 1993; Sanders and Miller 2005; Tirman 
et  al. 1994a, b; Tuite 2003; Schreinemachers 
et al. 2009; Lin et al. 2018). In the ABER posi-
tion, the posterosuperior cuff is relaxed whereas 
simultaneously the anteroinferior labroligamen-
tous complex is stressed. Analysis of the ABER 
images in (throwing) athletes should be focused 
on the posterosuperior articular surface side, 
which is a predilection site for small partial-
thickness tears (Fig. 12). Both the vertical and 
horizontal (interstitial) components of a tear can 
be evaluated (Lee and Lee 2002). Folds that 
may appear when the cuff is not under tension 

Box 5: MR Spectrum of Rotator Cuff 
Abnormalities

 – Tendinosis: intermediate or high SI on 
PD or T2-weighted images, not equal to 
water with mild-to-moderate tendon 
thickening

 – Partial-thickness tear: Partial defect 
with SI equal to water on fluid-sensitive 
sequences on articular side or bursal 
side, with or without thinning or thick-
ening of tendon

 – Full-thickness tears: Fluid-filled gap 
through the entire thickness of tendon 
from articular side to bursal side, with or 
without retraction of tendon, with or 
without muscle atrophy and/or fatty 
infiltration

Fig. 16 Partial-thickness tear, bursal side of supraspina-
tus tendon. Coronal T2-weighted fat-saturated MR image 
displays small gap (arrow) with fluid intensity at bursal 
side, increased thickness of tendon, and some bursal 
reaction
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should not be misinterpreted as tears (Fig. 19). 
Tears of the posterosuperior glenoid labrum are 
not uncommonly demonstrated in association 
with articular surface partial tears at the junc-
tion of the supra- and infraspinatus tendon.

Partial-thickness tears, if untreated, can evolve 
to full-thickness tears (Fig.  18) and finally to 
complete tears. Therefore, although treatment of 
impingement pain usually starts with physical 
therapy, athletes with small partial tears may 

a

b

Fig. 17 (a, b) Partial-thickness tear supraspinatus ten-
don. Coronal T2-weighted fat-suppressed (a) and 
PD-weighted (b) MR images show increased signal inten-
sity at articular side of distal tendon but no complete 
discontinuity

a

b

c

Fig. 18 (a–c) Partial-thickness tear of supraspinatus ten-
don in elite handball player. Coronal T1-weighted fat-
saturated (a) MR arthrography and ABER view (b) show 
small articular sided defect at the distal tendon (white 
arrow). Coronal PD-weighted MR arthrogram after 
3 years (c) demonstrates extension to small full-thickness 
tear
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benefit from arthroscopic debridement to become 
pain free (Fig. 20) (Payne et al. 1997). Although 
arthroscopic debridement in the general popula-
tion has been reported to be successful, widely 
ranging outcome may be expected in overhead 

athletes. Return to sport may be possible, but 
return to pre-injury level is mostly not more than 
50% of cases (Reynolds et al. 2008; Brockmeijer 
et al. 2008). Reporting on the extent of the tendon 
involvement is important as in patients demon-
strating partial-thickness tears with >50% of ten-
don involvement a repair should be considered as 
opposed to debridement (when extensive nonsur-
gical management has failed) (Shaffer and 
Huttman 2014; Lin et al. 2018). Due to the risk of 
overconstraining the joint, some surgeons prefer 
repair in >75% of tendon involvement. The even-
tual decision to operate is influenced by the 
patient’s age and coexisting pathology.

Full-thickness tears are lesions that extend 
through the entire thickness of the tendon in 
superior-inferior direction (Fig. 21). In case of a 
complete tear, there is also full extension in the 
anterior-posterior direction. Oblique coronal 
T2-weighted images may reveal a gap filled with 
high SI of fluid and there may be attraction of the 
involved tendon (Fig. 3) (Box 5). Some tears do 
not show fluid signal intensity due to tendon 
debris or granulation tissue. In equivocal cases, 
when a typical fluid-filled gap is not present, 
additional MR arthrography can be useful 
(Fig. 22). Full-thickness tears can be character-
ized on the basis of location and size. The latter 

Fig. 19 Relaxation of supraspinatus tendon. T1-weighted 
fat-suppressed MR arthrogram, ABER view, shows relax-
ation of posterosuperior supraspinatus tendon (arrow), 
which should not be misinterpreted as a partial tear

Fig. 20 Partial-thickness rotator cuff tear. Arthroscopic 
image of right shoulder demonstrates partial thickness 
under surface tear (white arrow) of supraspinatus, poste-
rior to biceps tendon, leaving a small area of the footprint 
uncovered (black arrow)

Fig. 21 Full-thickness rotator cuff tear. Arthroscopic 
image of left shoulder displays small full-thickness tear of 
supraspinatus tendon (arrow), adjacent to biceps tendon. 
On the left side humeral head is appreciated
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factor, expressed in both the anteroposterior and 
mediolateral dimensions, appears to have the 
highest clinical significance regarding outcome 
and prognosis (Gartsman and Milne 1995). MR 
reports should thus ideally include the exact site 
and extension of the tear, estimated size of the 
gap, involvement of different tendons and rotator 
interval, and secondary characteristics such as 
retraction of the tendon, muscle atrophy, and 
fatty infiltration (Morag et al. 2006). The rate of 
fatty atrophy of the rotator cuff muscles can be 
scored on sagittal images and graded using a 
modified classification based on CT (Goutallier 
et al. 1994; Fuchs et al. 1999): minor: streaks of 
fat within the muscle, moderate: more remnant 
muscle tissue than fat, and marked: more fat than 
muscle. Rotator cuff repair should be performed 
before the appearance of fatty infiltration and 
atrophy, especially when the tear involves more 
than one tendon (Melis et al. 2010) (Fig. 23).

Full-thickness tears are most commonly 
appreciated in the distal anterior part of the supra-
spinatus tendon. Larger tears may extend posteri-
orly to involve the entire attachment of the 
supraspinatus and further extension may involve 
the infraspinatus tendon posteriorly or the rotator 
interval capsule with the long head of the biceps 
tendon and subscapularis tendon anteriorly. 
Isolated tears of the infraspinatus tendon are 
unusual, but may be encountered in young 
overhead- throwing athletes (Tirman et al. 1994a, 
b, 2004) or in view of a posterosuperior impinge-
ment syndrome. The teres minor is typically 
spared in an otherwise complete ruptured rotator 
cuff. Incidentally, teres minor tears can be shown 
after posterior dislocation with injury of the pos-
terior capsule. Isolated tears of the subscapularis 
are also uncommon, but can be seen after acute 
abduction and exorotation trauma (Fig.  24) 
(Deutsch et al. 1997). Axial and oblique sagittal 
MR images are optimal to assess partial and com-
plete subscapularis tears, and also to determine or 
exclude injury or (sub)luxation of the biceps ten-
don, which is quite often seen in association with 
subscapularis tears (Fig. 25). Young patients with 
isolated traumatic tears of the subscapularis 

a

b

c

Fig. 22 (a–c) Combined partial- and full-thickness tear 
of supraspinatus tendon. Double-oblique coronal 
PD-weighted MR images with intra-articular contrast (a, 
b) demonstrate partial tear at articular side (black arrow), 
focally full thickness (white arrow) extending to subacro-
mial space (c)
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tendon and immediate repair have the best prog-
nostic factors for treatment (Kreuz et  al. 2006; 
Liem et al. 2008).

Involvement of both the supra- and infraspina-
tus as well as (portions of) the subscapularis may 
eventually lead to a high-riding humeral head 
within the glenohumeral joint, in close relation to 
the undersurface of the acromion.

6  Ultrasonography 
and Rotator Cuff Injuries

The ultrasonographic appearance of tendinosis 
is a focal or diffuse heterogeneous, ill-defined 
hypoechoic (sometimes hyperechoic) tendon 
with increased size (Fig.  26) (Bachmann et  al. 
1997; Jacobson et al. 2004). Sometimes in tendi-
nosis the size of the tendon may be unaltered, but 
will show increased signal on T2-weigted MR 
images, which makes MR more sensitive for 
assessment of tendinosis.

In calcifying tendinitis, hydroxyapatite crystal 
depositions can be appreciated as hyperechoic 
foci within the rotator cuff, most commonly in 
the supraspinatus tendon (Fig. 14). It is a com-
mon finding in patients with shoulder pain, usu-
ally affecting people aged between 30 and 

Fig. 24 Partial tear of subscapularis tendon. Arthroscopic 
image of right shoulder demonstrates intra-articular part 
of subscapularis tendon (white arrow), which is partly 
detached from insertion at humeral head (black arrow). 
On the left, the glenoid surface is appreciated

a

b

c

Fig. 23 (a–c) Complete full-thickness tear of supra- and 
infraspinatus tendon. Coronal T2-weighted fat-suppressed 
MR images display retracted tendons of supraspinatus 
(arrow) (a) and infraspinatus (thin arrow) (b). The sub-
acromial space is decreased. Oblique sagittal PD-weighted 
image (c) shows atrophy of both supra- and infraspinatus 
muscles
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50 years. Although it appears to be a self-limiting 
disease, symptoms can be severe and long- 
lasting. Ultrasound-guided barbotage, combined 
with subacromial infiltration with corticoste-
roids, is the preferred treatment in patients who 
do not respond to more conservative treatment 
(De Witte et al. 2013; Louwerens et al. 2016).

The established criteria of a partial-thickness 
tear using US are a hypoechoic, anechoic, or a 
mixed hypo- and hyperechoic area and/or discon-
tinuity of the fibrillar pattern (Rutten et al. 2006) 
(Figs. 26 and 27) (Box 6). The hypoechogenicity 
of the tear is based upon filling of the tear with 
fluid or edema. Some larger partial-thickness 
tears of the bursal surface may demonstrate flat-
tening under compression. Tiny tears can be eas-
ily overlooked, whereas on the other hand an 
extensive partial- thickness tear can be mistaken 
for a complete full-thickness tear without 

a

b

c

Fig. 25 (a–c) Partial-thickness tear of subscapularis with 
full-thickness tear of supraspinatus tendon. MR arthrogra-
phy with axial T1-weighted fat-suppressed (a) and coro-
nal T2-weighted fat-suppressed (b) and PD-weighted (c) 
TSE MR images. There is a partial lesion of subscapularis 
tendon (thin arrow) with medial dislocation of biceps ten-
don (arrow) within subscapularis tendon and fluid-filled 
gap (black arrow) at distal insertion of supraspinatus ten-
don and contrast extending into subdeltoid space

a

b

Fig. 26 (a, b) Tendinosis with partial-thickness tear of 
supraspinatus tendon. Transverse (a) and longitudinal (b) 
ultrasound images show inhomogeneous thickened supra-
spinatus tendon with articular sided hypoechoic defect

Rotator Cuff and Impingement Symptoms



230

retraction. The combination of tendinosis and 
anisotropy appears to be the most common cause 
of a false-positive diagnosis of a partial-thickness 
cuff tear (Rutten et al. 2006). Moreover, the fill-
ing of a partial defect by granulation or synovial 
tissue on the articular or bursal side may hamper 
the assessment of a partial- thickness tear (Rutten 
et al. 2006).

The sensitivity and specificity figures for 
detection of partial tears using US are operator 
dependent and vary from, respectively, 41% to 
93% and from 76% to 94% (Brenneke and 
Morgan 1992; Farin and Jaroma 1995; Read and 
Perko 1998; Teefey et  al. 2000; Van Holsbeeck 
et al. 1995; Wiener and Seitz 1993; Smith et al. 
2011). The highest accuracy rates for detection of 
partial cuff tears, although dependent on tear 
size, were obtained in studies with experienced 
examiners (Teefey et  al. 2004, 2005; Van 
Holsbeeck et al. 1995; Winter et al. 2001).

Secondary findings that may be encountered 
with partial-thickness tears include arthritic signs 
in up to 50–71% of patients, joint effusion in 
13–19% but reserved to articular sided partial- 
thickness tears, and subacromial-subdeltoid bur-
sal effusion in 20% of patients (established as an 
amount of fluid greater than 2 mm) (Arslan et al. 
1999; Hollister et al. 1995; Jacobson et al. 2004; 
Van Holsbeeck and Strouse 1993; Van Holsbeeck 
et  al. 1995). Moreover, Jacobson et  al. estab-
lished subacromial-subdeltoid bursal effusion in 
more symptomatic patients without presence of a 
tear than with a partial-thickness tear (Jacobson 
et al. 2004).

The highest sensitivity and positive predictive 
values were observed for focal hypoechoic 
abnormalities within the tendon. The highest 
specificity, negative predictive values, and accu-
racy were established for non-visualization of the 
tendon since this finding is exclusively correlated 
with full-thickness tears.

US has been reported to have high accuracy for 
the detection of full-thickness tears, even in non-
experienced hands (Moosmayer and Smith 2005; 
Smith et al. 2011; Rutten et al. 2006) with sensi-
tivity and specificity values ranging from 57% to 
100% and 76% to 100%, respectively (Bachmann 
et  al. 1997; Brenneke and Morgan 1992; Crass 
et al. 1988a; Hodler et al. 1988; Miller et al. 1989; 

a

b

Fig. 27 (a, b) Partial-thickness tear of supraspinatus ten-
don. Transverse (a) and longitudinal (b) ultrasound 
images demonstrate some irregularity of cortical bone 
near the insertion of the tendon with hypoechoic defect at 
articular side

Box 6: Ultrasonographic Criteria for Rotator 
Cuff Abnormalities

 – Tendinosis: Ill-defined heterogeneous 
hypo- and sometimes hyperechoic area 
within tendon, with or without increased 
tendon size, with or without irregularity 
of osseous footprint

 – Partial-thickness tear: Hypoechoic, 
anechoic, or a mixed hypo- and hyper-
echoic tendon area and/or partial dis-
continuity of the fibrillar pattern

 – Full-thickness tear: Non-visualization 
of tendon substance, fluid-filled 
(hypoechoic) gap, abnormal tendon 
echogenicity, tendon flattening with or 
without fluid in joint and/or bursa
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Paavolainen and Ahovuo 1994; Read and Perko 
1998; Teefey et  al. 2004; Vick and Bell 1990; 
Wiener and Seitz 1993; Smith et  al. 2011; De 
Jesus et al. 2009; Roy et al. 2015; Nazarian et al. 
2013; Lenza et al. 2013). The appearance of such 
tears can be variable: non-visualization of tendon 
substance based on full retraction in 24–50%, 
abnormal tendon echogenicity in 25–56% of 
patients, and tendon flattening in 71% of patients 
(Bachmann et  al. 1997; Jacobson et  al. 2004; 
Teefey et al. 1999, 2005; Wiener and Seitz 1993). 
To increase the efficacy of US, the transducer 
should be compressed on the shoulder structures. 
The deltoid muscle or the peribursal fat may be 
compressed within the defect or flatten the supra-
spinatus. Both ends of the teared but non-retracted 
tendon will separate and this facilitates visualiza-
tion of the tear. Fully retracted tendon and the car-
tilage interface sign (seen as a small linear 
hyperechoic part lying over the hypoechoic carti-
lage) are findings exclusively observed in full-
thickness tear (Jacobson et al. 2004).

In general, secondary findings that are fre-
quently observed in full-thickness tears include 
arthritic signs in 86% of patients, joint effusion in 
65% of patients, and subacromial-subdeltoid bur-
sal effusion in 68% of patients (Arslan et al. 1999; 
Farin and Jaroma 1995; Jacobson et  al. 2004; 
Teefey et  al. 1999; Van Holsbeeck and Strouse 
1993; Van Holsbeeck et al. 1994). Combined fluid 
in joint and subacromial-subdeltoid bursa raises 
the probability of a rotator cuff tear up to 95% 
(Hollister et al. 1995) (Box 6). Finding of a nor-
mal greater tuberosity was associated with 
absence of a rotator cuff tear in 96% (Wohlwend 
et al. 1998). The highest sensitivity, negative pre-
dictive value, and accuracy values were, respec-
tively, observed for cortex irregularity (86%), 
bursal to articular surface abnormality (82%), and 
joint fluid (80%).

In patients in seated position, joint fluid will 
surround the long head of the biceps brachii ten-
don, since this is the lowest part of the articular 
joint. Effusion in the biceps sheath is probably 
closely related to the (limited) range of motion 
in patients with painful shoulders but is not a 
specific finding for a teared tendon or biceps ten-
dovaginitis, as this may also be observed in 
patients with synovitis and adhesive capsulitis 

(Park et al. 2015). Dislocation or subluxation of 
the long head of the biceps brachii may return to 
normal position and therefore be undetected by 
MR imaging in contrast to dynamic US imaging. 
Disruption of the transverse humeral ligament 
may lead to subluxation or complete dislocation 
of the biceps tendon medially, even slide outside 
the biceps groove, and shift beneath the sub-
scapularis tendon. The latter condition can only 
exist in case of complete subscapularis tendon 
disruption. Subscapularis tears may occur due to 
direct trauma (Fig. 28), forced exorotation, and 

a

b

Fig. 28 (a, b) Subscapularis tear after direct trauma. 
Axial PD-weighted (a) TSE and coronal T2-weighted (b) 
fat-suppressed MR images. There is retraction of subscap-
ularis tendon (arrow) anteriorly with peritendinous edema
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abduction or in patients with recurrent anterior 
shoulder luxation but the incidence is signifi-
cantly lower compared with supraspinatus tears. 
Small circumference subscapularis tears (less 
than 5  mm) or limited external rotation of the 
shoulder during examination may contribute to 
failure of interpretation. Diagnosis of a subscap-
ularis tear is important because of the altered 
surgical approach (Teefey et al. 2005).

7  Rotator Interval and Biceps 
Tendon Injuries

The rotator interval is the anatomic space along 
the anterosuperior aspect of the shoulder between 
the supraspinatus and subscapularis prior to their 
fusion. Oblique sagittal MR images are the most 
important in analyzing the interval (Ho 1999). 
The interval is bridged by the rotator interval cap-
sule, comprising the coracohumeral ligament 
(CHL), which extends from the coracoid posteri-
orly and laterally and merges with the capsule. 
The fused capsule and CHL further merge with 
the anterior margin and superficial and deep fas-
cial fibers of the supraspinatus. The capsule and 
ligament together serve as a roof over the intra- 
articular course of the biceps tendon (Fig. 29). As 

such, the CHL together with the superior gleno-
humeral ligament, which is a focal thickening of 
the glenohumeral capsule, contributes to the 
 stability of the long biceps tendon within the 
sulcus.

The many structures that are involved with 
and course through the rotator interval can be 
injured together. The interval and biceps tendon 
are stressed in the athlete who uses repetitive and/
or forceful overhead motions. Also a fall on the 
outstretched hand may sprain or tear the rotator 
interval. The normal CHL should present as thin 
and smooth with low SI on oblique sagittal 
images. As a result of acute injuries such as trau-
matic tearing, the rotator interval and CHL may 
show thickening and irregularity with heteroge-
neous higher SI.  With more chronic derange-
ment, such as in repetitive overuse situations, 
irregular scarring of the rotator interval capsule 
and CHL may be seen (Ho 1999).

Prominent scarring of the CHL has also been 
thought to play a role in the clinical picture of an 
adhesive capsulitis. Besides thickening on the 
oblique sagittal images, one should be aware of 
synovitis within the rotator interval. Frequently, 
however, no specific MR abnormalities are 
noticed in patients with clinical symptoms of 
adhesive capsulitis (Sanders and Miller 2005).

The long tendon of the biceps extends from 
the superior glenoid tubercle or superior labrum, 
through the glenohumeral joint and rotator inter-
val, and exits the joint anteriorly. Extra-articularly, 
the tendon is located within the intertubercular 
sulcus. The long head biceps tendon, together 
with the superior labrum, contributes to the pre-
vention of superior displacement of the humeral 
head.

The spectrum of biceps tendon injuries 
includes tendinopathy, partial-thickness tear, 
complete disruption, and subluxation or disloca-
tion of the extra-articular portion of the tendon 
(Sanders and Miller 2005). The extra-articular 
appearance of the biceps tendon is best evalu-
ated on axial MR images. Tears of the long head 
of the biceps tendon are usually associated with 
supraspinatus pathology. Clinically, it can be 
difficult to differentiate partial biceps tendon 
tears from partial-thickness anterior supraspina-

Fig. 29 Rotator cuff interval. Oblique sagittal 
T2-weighted TSE MR arthrogram showing the relation-
ship of the CHL (short white arrow) to the intra-articular 
course of the biceps tendon (long white arrow), rotator 
interval capsule, and SGHL (black arrow)
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tus tendon tears or tendinosis. In partial-thick-
ness biceps tendon tears, fluid signal is 
appreciated within the tendon substance on 
fluid-sensitive MR sequences. Presence of two 
rather than one tendon slips, which is a normal 
variant, should not be misinterpreted as partial 
tearing. In complete tears of the long head 
biceps tendon, the tendon is absent or there is 
complete discontinuity.

Tearing most frequently occurs in the lateral 
intra-articular portion. In complete tears, the 
tendon is no longer visualized within the bicipi-
tal groove due to distal retraction of the muscle. 
A small proximal remnant at the biceps-labral 
anchor is frequently seen. Severe degeneration 
with thinning of the long biceps tendon may 
give rise to an apparently empty interval. An 
empty sulcus on the other hand can also exist 
without complete tear of the tendon, in case of 
medial  dislocation. Intra-articular biceps ten-
don dislocation is usually associated with a 
full-thickness tear of the subscapularis tendon 
or rotator cuff interval injury, whereas extra-
articular dislocation is associated with a par-
tial-thickness tear of the subscapularis or tear 
of the transverse ligament (Sanders and Miller 
2005).

8  Miscellaneous Conditions 
That May Mimic Rotator Cuff 
Pathology

MR imaging is also very useful to identify abnor-
malities that may mimic cuff lesions or labroliga-
mentous lesions, including, among others, 
Parsonage-Turner syndrome, quadrilateral space 
syndrome, and spinoglenoid notch cyst (Helms 
2002; Helms et al. 1998). Parsonage-Turner syn-
drome (acute brachial neuritis) is a self-limiting 
disorder, which presents with sudden onset of 
shoulder pain, sometimes bilateral, and accompa-
nying weakness. MR imaging usually shows 
characteristic intramuscular denervating edema 
of rotator cuff muscles, most commonly supra- 
and infraspinatus (Fig.  30), and deltoid muscle 
(Scalf et  al. 2007). In quadrilateral space syn-
drome, patients present with pain that may simu-

late cuff pathology, presumably due to 
(posttraumatic) scar tissue and fibrous band in 
the quadrilateral space that may cause impinge-
ment on the axillary nerve. Again, MR is rather 
typical demonstrating fatty atrophy of the teres 
minor muscle. A cyst in the spinoglenoid notch is 
usually associated with tearing of the posterior 
labrum (Fritz et al. 1992). The cyst or ganglion 
cannot be detected with arthroscopy, which 
stresses the role of MRI or US (Fig. 31). Due to 

a

b

Fig. 30 (a, b) Parsonage-Turner syndrome. Oblique sag-
ittal PD (a) and coronal T2-weighted fat-suppressed (b) 
images reveal mild atrophy and increased signal intensity 
of supra- and infraspinatus muscles
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compression on the suprascapular nerve, edema 
and atrophy of the infraspinatus muscle can be 
appreciated in fat-saturated T2-weighted MR 
images or US (Brys and Geusens 2020).

9  Conclusion

Shoulder pain due to trauma or overuse is a com-
mon complaint in the populations of athletes in 
general, with a variety of causes that are fre-
quently difficult to differentiate by physical 
examination alone.

MR imaging and ultrasonography are optimal 
and complementary tools to discriminate differ-

ent forms of impingement and to localize and 
classify rotator cuff injuries. Currently, consider-
ing accuracy, safety, and cost, US is the preferred 
imaging modality to start with, when rotator cuff 
pathology is expected.

A native MR imaging protocol including 
axial, oblique sagittal, and oblique coronal 
sequences is in general suitable for patients 
 presenting with symptoms of impingement, and 
to assess full-thickness tears.

Partial-thickness rotator cuff tears are most 
commonly encountered in (overhead throwing) 
athletes, particularly on the articular side, which 
are best appreciated using MR arthrography 
including abduction-exorotation views.

Things to Remember
 1. Rotator cuff and biceps-labral lesions second-

ary to trauma or overuse may be encountered 
simultaneously in athletes.

 2. ABER views in an MR arthrography protocol 
are very helpful to detect small partial cuff 
tears on the articular side, besides the identifi-
cation of non-displaced labroligamentous 
tears.

 3. Most frequent locations of rotator cuff tears in 
athletes are the anterior half of the supraspina-
tus tendon at 0.5–1  cm from the insertion, 
undersurface area of the cuff attachment to the 
humerus, and posterosuperior tears at 
0.5–1 cm from the insertion site.

 4. Secondary extrinsic impingement is fre-
quently encountered in throwing athletes. 
Usually, instability is minor and the coracoac-
romial outlet is morphologically normal.
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Abstract

The chapter starts with a short overview of the 
relevant anatomy of bones and surrounding 
soft tissues. Most of an imaging part is focused 
on plain radiography discussing routine views 
as well as relevant special views, followed by 
the role of ultrasound, CT, MRI, bone scintig-
raphy, and SPECT-CT. The main part of the 
chapter is dedicated to specific overuse 
trauma, including typical overuse lesions of 
the immature skeleton. Discussed bony lesions 
are fractures, the rare stress fractures of scap-
ula and clavicle, stress-related growth plate 
injury of the coracoid process and medial 
clavicle, lateral acromial apophysitis, and dis-
tal clavicular osteolysis. Joint pathology com-
prises acromioclavicular and sternoclavicular 
sprain or dislocation and AC joint osteoarthri-
tis. Typical nerve pathologies of this anatomi-
cal area are the suprascapular nerve entrapment 
and the long thoracic neuropathy.

1  Introduction

1.1  Scapula

The scapula is a flat bone with three prominences, 
the spine and acromion, the glenoid, and the 
coracoid process. Medial to the base of the 
coracoid process is the scapular notch arched by 
the superior transverse scapular ligament. The 
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spinoglenoid notch arched by the inferior trans-
verse scapular ligament is situated between the 
lateral margin of the base of the scapular spine 
and the dorsal side of the glenoid. Both notches 
are important fixation points along the course of 
the suprascapular nerve.

1.2  Clavicle

The growth plates of the medial and lateral cla-
vicular epiphyses do not fuse until the age of 
25 years. The deltoid, trapezius, and pectoralis 
major muscles have important attachments to 
the clavicle. The deltoid muscle inserts onto the 
anterior surface of the lateral third of the clavi-
cle, and the trapezius muscle onto the posterior 
aspect. The pectoralis major muscle inserts 
onto the anterior surface of the medial two 
thirds.

1.3  Acromioclavicular Joint

The synovium-lined AC joint has interposed 
between its fibrocartilaginous joint surfaces a 
fibrocartilaginous disc of variable size which is 
frequently completely absent (Wickiewicz 
1983). The joint has a thin capsule, reinforced 
by the AC ligaments of which the superior one is 
continuous with the deltoid and trapezius apo-
neuroses. The lateral clavicle is anchored to the 
coracoid process by the coracoclavicular liga-
ment, composed of the lateral trapezoid and 
medial conoid parts (Fig. 1). The static joint sta-
bilizers are the AC ligaments, controlling the 
horizontal stability, and the CC ligament, con-
trolling the vertical stability. The dynamic stabi-
lizers are the deltoid and trapezius muscles. The 
trapezius muscle attaches at the dorsal aspect of 
the acromion, part of the anterior deltoid muscle 
inserts on the clavicle medial to the AC joint. 
Their force vectors prevent excessive superior 
migration of the distal clavicle after disruption 
of the AC and CC ligaments alone (Wulker 
1998).

1.4  Sternoclavicular Joint

The synovium-lined SC joint is formed by the 
medial clavicle, the clavicular notch of the manu-
brium, and the cartilage of the first rib (Fig. 2). 
Interposed between the fibrocartilaginous joint 
surfaces is a usually complete fibrocartilaginous 
disc, which acts to reduce the incongruities 
between the articulating joint surfaces, and as a 
shock absorber against medial translation of the 
clavicle. The anterior and posterior SC liga-
ments are thickenings of the joint capsule. The 
interclavicular ligament connects the clavicles 
with the capsular ligaments and the upper ster-
num. The costoclavicular or rhomboid ligament 

Fig. 1 Normal anatomy: the acromioclavicular and cora-
coclavicular ligament, the latter with its medial conoid 
and lateral trapezoid parts

Fig. 2 Normal anatomy: the sternoclavicular joint
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runs from the first rib to the rhomboid fossa at the 
inferior side of the medial clavicular metaphysis. 
This fossa should not be mistaken for a tumor 
when seen on radiographs. The SC joint is freely 
movable and functions almost like a ball-and- 
socket joint with motion in almost all planes, 
including rotation (Lucas 1973). The ligamen-
tous support is so strong that it is one of the least 
commonly dislocated joints in the body (Wirth 
and Rockwood 1996).

2  Imaging

2.1  Plain Radiography

Diagnostic plain films are tailored to the clinical 
findings and should be of impeccable quality.

2.1.1  Scapula
Routine views of the scapula include the AP view 
abducting the arm 90° and the lateral view or 
scapular Y. The axillary view, which requires 
abduction of the arm, gives an excellent view on 
the anterior acromion, the glenoid, and the cora-
coid process. In case of a fractured coracoid pro-
cess, the patient’s pain usually precludes 
abduction. The fracture may be demonstrated 
with the so-called modified axillary view (Wallace 
and Hellier 1983).

2.1.2  Clavicle
The Zanca view, an anteroposterior projection 
with 15° of cephalic angulation, projects the lat-
eral and most of the middle third of the clavicle 
free of overlying adjacent bones (Zanca 1971). 
Although not required on a routine base, visual-
ization of the medial third of the clavicle is 
accomplished with 40° cephalic angulation 
(Wirth and Rockwood 1996).

2.1.3  AC Joint
The best view of the AC joint is the Zanca view. 
Imaging in case of an AC sprain will be discussed 
in its specific part 3.3.1.

2.1.4  SC Joint
Standard radiographic views of the SC joint 
include posteroanterior and oblique views. 
However, they are often inadequate due to over-
lap of the medial clavicle with the sternum, the 
first rib, and the spine. Special projections have 
been described to aid in the evaluation. Unless 
done by an experienced technologist these spe-
cial views can be technically difficult to perform 
and interpret, limiting their utility and reproduc-
ibility (Brossmann et al. 1996).

 – The Rockwood projection, also called the 
“serendipity view,” is an anteroposterior pro-
jection obtained with 40° cephalic tilt, cen-
tered on the manubrium. The cassette is placed 
under the upper part of the shoulders and neck 
so that the clavicle is projected in the middle 
of the film. In an anterior dislocation, the 
affected clavicle is projected superior to the 
normal clavicle, and with posterior dislocation 
it is projected inferior to it (Rockwood and 
Wirth 1996). Other special views are currently 
replaced by CT.

 – For first-line imaging special views might be 
replaced by digital tomography with a reduced 
radiation dose of 0.5 milliSievert (mSv), com-
pared to 6.0 mSv for standard tomograms and 
6.6 mSv for CT (Thyterleigh-Strong et al. 2019).

 – Stress manoeuver: A reducible or intermittent 
SC dislocation can look misleadingly normal 
on a routine radiograph. A stress manoeuver 
helps to avoid this problem. This manoeuver is 
performed by bringing the ipsilateral arm 
across the chest and pulling against the contra-
lateral elbow (Cope 1993).

2.2  Ultrasound

2.2.1  AC Joint
In a trauma setting, US can be used to confirm a 
grade 1 sprain, or in the assessment of the status 
of the surrounding musculature. In chronic 
disease, US allows the evaluation of capsular 
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distension and presence of soft tissue lesions like 
arthrosynovial cysts.

2.2.2  SC Joint
The role of US of the SC joint is limited. It can be 
used for the assessment of capsular bulging or the 
position of the joint surfaces in suspected dislo-
cation, the latter if CT is not readily available.

2.3  CT

2.3.1  Scapula and Clavicle
With its excellent bony detail and its multiplanar 
and 3D reconstruction capabilities, modern 
multi-detector CT equipment is the imaging tech-
nique of choice in the evaluation of fractures and 
stress fractures.

2.3.2  SC Joint
CT is particularly valuable if a SC joint disloca-
tion is suspected. It is recommended to image 
both sides, as comparison is often helpful in 
assessing the degree of abnormality. CT can be 
acquired in a neutral position alone or with the 
stress maneuver as described in the plain film 
section, which increases the sensitivity 
(Burnstein and Pozniak 1990; Cope 1993). If 
there is suspicion of secondary vascular compro-
mise or impingement by a posterior dislocation, 
the study can be performed with IV contrast to 
allow optimal visualization of the adjacent 
vessels.

2.4  MRI

2.4.1  AC Joint
The role of MRI in isolated AC pathology is not 
well established. In addition to the findings visi-
ble on standard radiographs, soft tissue abnor-
malities (capsular hypertrophy, joint effusion, 
CC ligaments, muscular attachments) and sub-
chondral bone marrow edema may be demon-
strated. The coronal oblique plane best 
demonstrates the AC joint. The parasagittal plane 
roughly corresponds to the radiographic supra-
spinatus outlet view.

2.4.2  SC Joint
MRI is far superior to CT in its ability to define 
bone marrow abnormalities, disc- and cartilage 
injury, joint effusion, and to evaluate the extra- 
articular soft tissues. To allow appropriate evalu-
ation of all involved structures, imaging in three 
orthogonal planes is recommended (Klein et  al. 
1997; Brossmann et al. 1996). There may be dif-
ficulty in obtaining good quality MR images of 
the SC joint: the small joint is poorly imaged with 
the body coil. In surface coil imaging both the 
applied coil and the SC joint move with patient 
breathing, causing severe artifact. Vascular pulsa-
tions and swallow also cause artifacts. This diffi-
culty in imaging, combined with most radiologist’s 
limited experience with SC joint imaging, and the 
availability of CT has prevented the emergence of 
MRI of the SC joint (Klein et al. 1997).

2.5  Scintigraphy

Bone scintigraphy is a very sensitive technique for 
detection of early changes related to osseous inju-
ries. In the workup of patients with posttraumatic 
pain due to sports injuries, which is suspected to be 
of osseous origin, it is a useful next diagnostic step 
when plain films are negative. Examples of injury 
in which bone scintigraphy may be helpful are 
occult fractures, stress fractures or other stress-
related injury, distal clavicular osteolysis, and 
symptomatic AC or SC osteoarthritis. SPECT-CT 
increases the specificity, providing better anatomi-
cal resolution of the images and exact localization 
of osteoarticular lesions. However, the key draw-
back of SPECT-CT is the exposure to ionizing radi-
ation. Therefore the use of MRI is recommended in 
almost all cases that require advanced imaging, 
especially in a young athletic population.

3  Specific Overuse Trauma

3.1  Scapula

3.1.1  Fractures
Scapular fractures are usually the result of a 
direct blow to the scapular area. Fractures of the 
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scapular body are rare in athletes. Glenoid frac-
tures are associated with glenohumeral disloca-
tions although an avulsion fracture of the 
infraglenoid tubercle may occur due to forceful 
contraction of the triceps (Vansevenant et  al. 
2014) (Fig.  3). Fractures of the acromion most 
frequently are caused by a direct blow. An avul-
sion of the anterior acromion may result from 
deltoid muscle forces. Coracoid process frac-
tures result from direct trauma or avulsion. 
Avulsion is possible with contraction of the short 
head of the biceps or the coracobrachialis mus-
cle, or as a result of traction from the coracocla-
vicular ligament in association with a sprain of 
the AC joint. The latter may be seen as an apoph-
yseal avulsion in adolescents before closure of 
the growth plate between 15 and 18 years of age, 
since the ligament is often stronger than the 
growth plate (Salter and Harris 1963).

3.1.2  Lateral Acromial Apophysitis
Repetitive contraction of muscles attaching on an 
apophysis can produce microfractures or apophy-
seal irritation, also called traction apophysitis, 
typically seen in athletically active children 

between 12 and 17  years old. When apophyses 
begin to ossify, they are susceptible to overstress 
injuries. In throwing movements the deltoid mus-
cle undergoes repeated vigorous contraction. The 
acromial apophysis is the weakest part in the 
wide origin of the deltoid muscle and the central 
portion, the strongest belly attaches at this region 
(Morisawa et al. 1996). An apophysitis at the tip 
of the coracoid process from the pull of the short 
head of the biceps and the coracobrachialis is 
also described (Gregg and Torg 1988). Plain radi-
ography typically shows fragmentation, irregu-
larity, and sclerosis of the ossification center 
(Fig. 4). MR shows bone marrow edema across 
the two largest acromial apophyses, the meta- 
acromion and the meso-acromion (Fig. 5), in one 
third of cases associated with a fluid signal 
(pseudarthrosis) between them (Roedl et  al. 
2015a). The process resolves without 
complication.

3.1.3  Stress-Related Growth Plate 
Injury of the Coracoid Process

Injuries of the coracoid process physis are rare 
and commonly associated with AC joint sprain. 

a b

Fig. 3 (a and b) Proximal avulsion fracture of the long 
head of the triceps brachii muscle in an indoor soccer 
goalkeeper. (a) Plain radiograph showing a bony fragment 
at the inferior rim of the glenoid (white arrow). (b) 

Coronal CT arthrogram showing the sclerotic delineated 
bony fragment without concomitant lesion of the inferior 
labrum (white arrow). (Reprinted with permission from 
Vansevenant et al. JBR-BTR 2014, 97(5):316)
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a b

Fig. 4 (a and b) Lateral acromial apophysitis in a 
15-year-old gymnast. Plain radiographs, bilateral supra-
spinatus outlet view. (a) Symptomatic right side showing 
slight hypertrophy and irregular lining of the meso- 
acromion (arrow) including the junction with the meta- 

acromion, as well as a unilamellated periosteal reaction 
(arrowhead) along the superior margin of the meta- and 
baso-acromion. (b) Asymptomatic left side showing no 
abnormalities. (Courtesy of F.M. Vanhoenacker)

a b

Fig. 5 (a and b) Lateral acromial apophysitis in an 
18-year-old gymnast. (a) Axial and (b) sagittal fat- 
suppressed T2-weighted MR images, both showing bone 

marrow edema in the meso-acromion and the adjacent 
meta-acromion without a fluid signal in between them
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Increased muscular pull on the coracoid process 
may result in a stress-related injury to its physis. 
In a series of 8 cases 5 were seen in athletes: foot-
ball, archery, basketball, swimming, and rugby. 
MR showed widening, irregularity, and increased 
signal of the physis, apposing bone marrow edema 
and hypertrophy, as well as soft tissue edema 
(Alaia et  al. 2017). Previously another case had 
been reported in archery (Naraen et al. 1999).

3.1.4  Stress Fractures
Sports-related stress fractures of the scapula and 
clavicle are rare. Consequently, the index of sus-
picion for these lesions is low, which may delay 
diagnosis and appropriate treatment. Low suspi-
cion of a stress fracture in these bones may lead 
to an erroneous diagnosis of a tumoral or infec-
tious lesion. A detailed occupational history may 
overcome the problem. These stress fractures can 
occur either as a result of repetitive loading at the 
point of muscular attachments to bone or as a 
result of impact loading (Brukner 1998).

About 14 cases of a scapular stress fracture 
were reported:

 – In five cases the fracture was located in the 
acromion. Three occurred in the base, of 
which two in amateur golf players (Hall and 
Calvert 1995; Taneja et al. 2013) and one in 
American football (Ward et  al. 1994). One 
case between the ventral and middle third of 
the acromion was reported in an elite tennis 
player (Rupp et  al. 1998), and one at the 
medial aspect in American football (Schils 
et al. 1990).

 – Three cases were reported in the base of the 
coracoid process: Two reports of probably the 
same trapshooter (Boyer 1975; Sandrock 
1975), one in a beginner golfer (Lee et  al. 
2018), and one extending from the coracoid 
base to the glenoid in a cricket bowler 
(Chammaa et al. 2010).

 – In two cases the lateral margin of the scapula 
was the fracture site: in a cricket fast bowler 
(de Villiers et  al. 2005) and in a baseball 
pitcher (Herickhoff et al. 2007).

 – Four additional cases occurred in various 
other sites: at the medial side of the supraspi-
natus fossa in jogging with hand-held weights 
(Veluvolu et al. 1988), at the superior margin 
in a water polo player (Donaldson 2012), at 
the junction of the scapular neck and body in a 
baseball pitcher (Levine and Resnick 2013), 
and at the spine in a soft ball player (Marcano 
et al. 2014).

Plain radiography continues to be the primary 
method for diagnosis, but its limitations in the 
early detection of these injuries are well known. 
MRI has a comparative sensitivity to bone scan 
with the additional advantage of depicting the 
lesion, especially the surrounding bone marrow 
and soft tissue edema (Fig. 6). MDCT is excellent 
in depicting the presence and extension of the 
fracture line and callus formation (Fig. 6).

3.1.5  Suprascapular Nerve 
Entrapment (SSNE)

The suprascapular nerve is a mixed motor and 
sensory nerve providing motor supply to the 
supraspinatus and infraspinatus muscle. Causes 
of suprascapular nerve injury are anatomical 
variants of the suprascapular or spinoglenoid 
notch, compressive mass lesions, which most fre-
quently are paralabral cysts at the level of the 
spinoglenoid notch (Ticker et  al. 1998), direct 
trauma such as a fracture of the scapula, direct 
blow to the shoulder, or traction on the nerve 
through a pull on the upper extremity, and 
dynamic entrapment.

Dynamic nerve entrapment occurs at the 
suprascapular or spinoglenoid notch, where 
mobility is already limited, during violent or 
repeated scapular motion. In athletes, this appears 
more frequently at the spinoglenoid notch, 
whereas in the general population it occurs 
mainly at the suprascapular notch (Montagna and 
Colonna 1993; Ferretti et al. 1998). In the major-
ity of cases sports-related dynamic entrapment 
occurs in overhead sports such as baseball, 
tennis, and weightlifting. Most frequently affected 
by entrapment at the spinoglenoid notch are 
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professional volleyball players. Several mecha-
nisms have been proposed but excessive traction 
or microtrauma of the nerve is the most plausible 
mechanism of trauma.

The diagnosis is based primarily on clinical 
findings, confirmed by EMG.  Imaging studies 
may demonstrate an etiological diagnosis. US 
and MRI may identify a paralabral cyst. In addi-
tion, MRI is able to identify signs of muscular 
denervation, including edema in an early stage, 
and fatty infiltration and atrophy in later stages 
(Ludig et al. 2001). Entrapment at the suprascap-
ular notch will result in denervation of both 
supra- and infraspinatus muscles, entrapment at 
the spinoglenoid notch in isolated infraspinatus 
denervation. CT may be useful to demonstrate 

variant notch anatomy (Polguj et  al. 2013) or 
fragment displacement after a fracture.

3.1.6  Long Thoracic Neuropathy
The long thoracic nerve, the sole innervation to 
the serratus anterior muscle, courses downward 
and laterally along the mid-axillary line along 
the outer surface of the muscle which arises 
from the first 8–9 ribs and inserts on the costal 
surface of the scapula along its medial border. It 
serves to protract the scapula and maintain the 
medial border of the scapula against the thorax. 
Isolated paralysis of the serratus anterior is a 
well- recognized clinical entity accounting for 
the characteristic scapular winging seen with 
weakness of this muscle, most pronounced at 

a b

c

Fig. 6 (a–c) Stress 
fracture of the left 
scapula in an 18-year- 
old elite gymnast. (a) 
Sagittal fat-suppressed 
T2-weighted MR image 
showing bone marrow 
edema in the area of the 
supraspinatus fossa. 
There is extensive soft 
tissue edema along the 
anterior half of the fossa 
in the deep part of the 
supraspinatus and 
subscapularis muscles 
(arrows), and to a lesser 
extent in the posterior 
half at the infraspinatus 
and teres minor muscles 
(arrowhead). (b) Sagittal 
and (c) coronal CT 
arthrogram revealing a 
slightly displaced 
fracture (white arrow) at 
the anterior half of the 
supraspinatus fossa. A 
rather extensive and 
immature calcified 
periosteal reaction 
(black arrows) is seen at 
the level of the on MR 
visualized soft tissue 
edema
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the inferior margin of the scapula. Many trau-
matic and nontraumatic causes have been 
reported. This injury has been reported to occur 
in almost every sport. However, the most com-
mon sport reported to cause the injury is tennis, 
especially the act of serving. The common 
theme in sports-related cases is that the injury 
occurred when the ipsilateral arm was in an out-
stretched an unusually overhead position, sug-
gesting the nerve was subjected to traction 
(Gregg et  al. 1979). This paralysis is usually 
apparent on clinical examination and confirmed 
by EMG. CT and MRI usually are not necessary 
unless other disease such as cervical disc herni-
ation is suspected. However, imaging of the 
nerve itself is feasible with 3 T MR (Deshmukh 
et al. 2017) and ultrasound (Chang et al. 2019), 
although with MR no abnormalities were visu-
alized along the course of the nerve in a series of 
20 patients with clinical suspicion of LTN neu-
ropathy (Deshmukh et al. 2017). Imaging of the 
serratus anterior muscle may show signs of 
denervation.

3.2  Clavicle

3.2.1  Fractures
Fractures of the clavicle are common. 90% occur 
as the result of a fall directly on the shoulder, a 
small number after direct blow, and rarely a fall 
on an outstretched hand. The middle third is 
involved in 65–80%, the lateral in 15–30%, and 
the medial in 5%.

3.2.2  Distal Clavicular Osteolysis 
(DCO)

DCO is an uncommon, self-limiting condition 
characterized by progressive resorption of the 
distal end of the clavicle (Cahill 1982; Matthews 
et  al. 1993). Two types are described with the 
same radiological imaging and pathologic 
features:

 – Posttraumatic: after a single or repeated epi-
sodes of local trauma which can be a fracture 
or AC dislocation. However, usually the 
trauma is relatively minor. The osteolytic 

process begins as early as 2–3 weeks and as 
late as several years after the injury.

 – Stress-induced: overuse injury caused by 
repetitive microtrauma, most commonly seen 
in adult weightlifters (Scavenius and Iversen 
1992) and athletes who are engaged in strenu-
ous physical exercise involving use of the 
upper extremities. It is caused by repetitive 
compression of the distal clavicle at the AC 
joint encountered during lifting activities, par-
ticularly the high intensity, high frequency 
bench press, requiring the AC joint to assume 
the role of a weight-bearing joint (Haupt 2001; 
Nevalainen et al. 2016). A higher incidence of 
bilateral involvement is noted in this type.

The pathogenesis of DCO has often been 
debated. Of all proposed etiologies, Cahill’s is 
the most accepted. He found microfractures in 
the subchondral bone in 50% of the surgical 
specimens and proposed that repetitive micro-
trauma caused subchondral stress fractures and 
remodeling (Cahill 1982).

Plain radiographs are not sensitive to the early 
stage of the disease. Initial findings often are sub-
tle, including osteopenia of the distal clavicle, 
and loss of the clavicular subarticular cortex 
(Levine et al. 1976; Kaplan and Resnick 1986). 
However, early recognition and treatment with 
immobilization can shorten the course of the pro-
cess. The condition progresses into a lytic phase 
in which cystic areas, irregularity of the articular 
cortex, periarticular erosions, osteolysis, and soft 
tissue swelling can be seen. It may be associated 
with osteopenia and erosion of the acromion 
(Levine et al. 1976). If untreated this lytic phase 
may last 12–18 months and osteolysis may prog-
ress to include the distal 0.5–3 cm of the clavicle, 
resulting in an increased AC joint space (Kaplan 
and Resnick 1986).

Once the lytic phase has stabilized, reparative 
changes occur over a period of 4–6  months, 
resulting in either complete reconstitution or par-
tial reformation with a permanently widened AC 
joint space (Fig. 7) (Kaplan and Resnick 1986).

Beside findings comparable to those seen on 
plain films, typical MR features include capsular 
distention, joint effusion, distal clavicular bone 
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marrow edema out of proportion to edema at the 
acromion, and in advanced cases periostitis at 
the distal clavicle (Roedl et  al. 2015b). 
Consistent with Cahill’s microfracture theory, 
on MR a subchondral fracture line was seen 
within the clavicular bone marrow edema in 
74% to 86% of cases (Kassarjian et  al. 2007; 
Roedl et  al. 2015b) (Fig.  8). Some have sug-
gested that in the right clinical setting, bone 
marrow edema alone may represent an early 
form of DCO (Fiorella et al. 2000).

3.2.3  Stress Fractures
Sports-related stress fractures of the clavicle are 
rare. From a biomechanical point of view the 
clavicle may be considered a lever with is axis of 
rotation close to the sternoclavicular joint. It is 
pulled down by the pectoralis major muscle, 
subclavius muscle, and deltoid musculature, 

counterbalanced by the cranial pull of the sterno-
cleidomastoideus and trapezius muscles. The 
point of maximum stress is immediately lateral to 
the strongly anchoring costoclavicular and ster-
noclavicular attachments (Calvo et al. 1995).

About 10 cases of a clavicular stress fracture 
were reported:

Five cases in the medial third

 – Baseball: in a professional third baseman with 
high demands on his throwing shoulder (Wu 
and Chen 1998).

 – Gymnastics: in a 10-year-old gymnast through 
a deep rhomboid fossa, possibly caused by the 
pull of sternocleidomastoideus and pectoralis 
major (Fallon and Fricker 2001).

 – Rowing: in a lightweight sculler, most likely 
resulting from cyclic scapular protraction and 
retraction (Abbot and Hannafin 2001).

a b

c d

Fig. 7 (a–d) Lateral clavicular osteolysis in a judo ath-
lete. (a) Unsharply marginated subchondral erosion at the 
inferior margin of the lateral end of the clavicle. Normal 
width of the AC joint space. (b) 8 weeks later: widening of 
the AC joint space with ill-defined resorption of the lateral 
clavicle, and loss of the subchondral bone plate in the 

proximal part at the acromial side. (c) 8 months later: fur-
ther resorption of the lateral clavicle and increased width 
of the joint space. The margins are less ill-defined. (d) 
Follow-up after 15  months: partial reconstitution of the 
joint space width and now sharply marginated lateral end 
of the clavicle
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 – Human tower construction: in this traditional 
Catalan sport the medial clavicle is pushed 
down by the weight of other athletes while the 
surrounding muscles are pulled upon (Roset- 
Llobet and Salo-Orfila 1998).

 – Gymnastics: a bilateral stress fracture is 
reported in a 17-year-old gymnast caused by 
muscle imbalance during static poses on ring 
height (Fujioka et al. 2014).
Three cases in the middle third

 – Javelin throwing: in an elite athlete, caused by 
repeated stress from the contraction of the cla-
vicular portion of the deltoid and pectoralis 
major muscles (Adolfsson and Lysholm 
1990).

 – Springboard diving: in a male diver, resulting 
from transmission of stress from his hands to 

the clavicle on entry in the water (Waninger 
1997).

 – Weight lifting: in a recreational weight lifter due 
to accelerated weight training (Constantinou 
and Kastanos 2008).
Two cases in the lateral third

 – Weight lifting: in an athlete at 1 cm from the 
AC joint due to structural fatigue (Shellhaas 
et al. 2004).

 – Cricket: in a fast bowler caused by muscle 
imbalance around the shoulder girdle (Read 
and Bell 2008).

3.2.4  Stress-Related Growth Plate 
Injury of the Proximal Clavicle

One case of a bilateral physeal stress-related 
lesion of the proximal clavicular growth plate has 
been reported in a 13-year-old male gymnast 
caused by a maneuver at the parallel bars requir-
ing him to catch his full body weight after swing-
ing on the bars with both hands. On plain film the 
growth plate showed widening and irregularity 
similar to the well-known changes seen in the so- 
called gymnast wrist (Carson et al. 2012).

3.3  AC Joint

3.3.1  Sprain/Dislocation
AC sprains are common during athletic activities, 
most frequently occurring directly by a blow to 
the acromion (a fall or other contact) with an 
adducted humerus driving the acromion medially 
and inferiorly, or indirectly by a fall on the out-
stretched hand or elbow with a superiorly directed 
force.

Initially injuries to the AC joint were graded I 
to III as proposed by TOSSY according only to 
the degree of injury to the AC and CC ligaments 
(Tossy et  al. 1963). ROCKWOOD added three 
additional types, all subsets of Tossy type III 
(Rockwood 1984) (Fig. 9) (Table 1).

The grading of AC injuries is typically based 
on plain film analysis:

 – In type 1 plain films are normal.
 – A type 2 is characterized by widening of the 

joint space and slight upward displacement of 

Fig. 8 A recreational cyclist sustained a fall on his shoul-
der 5 weeks ago. Coronal fat-suppressed T2-weighted MR 
image showing a fluid-distended AC joint, bone marrow 
edema at the distal clavicle with a hypointense fracture 
line in the subchondral zone as well as about 1 cm more 
proximally (white arrows). In the superior part of the cla-
vicular subchondral bone a small erosion is seen (black 
arrow). The image is suspect of an early posttraumatic 
DCO with associated (occult) fractures. (Courtesy of 
F.M. Vanhoenacker)
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the lateral clavicle, less than the width of the 
acromion. The width of the joint space is 
pathologic if more than 7 mm in men, more 
than 6 mm in women, or with a difference of 
more than 2  mm compared to the uninjured 
side (Petersson and Redlund-Johnell 1983). 
The assessment of upward displacement of the 
clavicle relative to the acromion should be 
based on the alignment of the inferior 
margins.

 – In type 3 there is an upward dislocation of the 
clavicle, more than the width of the acromion, 
with an increased CC distance from 25% to 
100%. Rupture of the CC ligament is very 
likely if there is a difference of 5 mm or more 
between the two sides (Neer and Rockwood 

1975). The normal coracoclavicular distance 
is 11–13 mm. In type 4 the clavicle is posteri-
orly dislocated.

 – A severely upward displaced clavicle, more 
than 100% of the CC distance, is the hallmark 
of a type 5 injury.

While in adults dislocation of the AC joint 
accounts for 12% of all dislocations of the shoul-
der (Rowe 1968), a true AC dislocation is very 
rare before the age of 16. Usually the trauma 
results in a physeal separation of the lateral clav-
icle. While the clavicular epiphysis remains 
intact in the periosteal tube, the lateral clavicle 
shows upward displacement through a tear in the 
thick periosteal tube, also called a pseudodisloca-
tion (Kocher et al. 2000).

3.3.1.1 Plain Film Analysis

Zanca View Unilateral Versus Bilateral
In case of an AC trauma it is recommended to 
obtain an upright view without the patient 
allowed to support his elbow with the opposite 
hand, which might reduce any dislocation (Neer 
and Rockwood 1975). ACJ injuries cannot be 
accurately classified by estimation of clavicular 
elevation on a unilateral AP radiograph. Bilateral 
comparison views with the measurement of the 

Fig. 9 Rockwood classification of acromioclavicular joint injuries

Table 1 Rockwood classification of AC injuries

Type 1 Sprain AC ligaments and intact CC 
ligament

Type 2 Subluxation with rupture AC ligaments and 
sprain CC ligament

Type 3 Dislocation with rupture AC ligaments and 
CC ligament

Type 4 Dislocation with posterior dislocation of 
the clavicle

Type 5 Dislocation with severe upward 
displacement of clavicle into the subcutis

Type 6 Dislocation of the clavicle inferiorly, 
locked under the coracoid process
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increase in CC distance are necessary (Ibrahim 
et al. 2015). To minimize variation in the angle of 
the X-ray beam and the distance to the patient, a 
single large image of both sides should be taken 
(Nguyen et al. 1990).

Weighted Views Unilateral Versus Bilateral
The traditionally held belief of weighted views is 
that they should be used to differentiate grade 2 
from 3 lesions. Over the last two decades, the use 
of weighted radiographs has fallen out of favor 
because of the shift towards nonsurgical manage-
ment of grade 3 injuries. However, the true value 
of bilateral weighted films is to “unmask” a grade 
5 injury which should be offered surgery (Ibrahim 
et al. 2015).

Type 4 Lesion
Traditionally an axillary or modified axillary 
view is taken to detect a posterior dislocation of 
the clavicle. The disadvantages of the axillary 
view are the variability in the patient’s position 
and that a dynamic posterior translation is masked 
with this static view (Rahm et al. 2013). To reveal 
a dynamic horizontal instability dynamic axillary 
views (Tauber et  al. 2010) and the modified 
Alexander view (Minkus et al. 2017) were devel-
oped, the latter being easy to reproduce.

The role of ultrasound in AC sprains is not 
well established. US is sensitive in the detection 
of type 1 sprains: findings are distension of the 
joint space and stripping of the periosteum from 
the medial clavicular head. Since treatment for 
type 3 injuries is controversial (Phillips et  al. 
1998), US may be valuable in differentiation 
between type 3 lesions based on the presence or 
absence of detachment of muscle insertions, the 
dynamic joint stabilizers (Heers and Hedtmann 
2005). In the same way, MRI might be a valuable 
tool to decide between conservative and opera-
tive treatment based on the associated soft tissue 
damage.

3.3.2  Osteoarthritis (OA)
OA occurs early and frequently because the adult 
AC joint (ACJ) cannot compensate for the incon-
gruity of the joint surfaces (Petersson 1987). OA 
is the most common cause of AC-related pain 

(Shaffer 1999). Causes of OA related to sports 
activity are AC sprains and chronic repetitive 
loading. With ruptured AC ligaments, the CC 
ligament is unable to control adequately antero-
posterior translation, or rotation of the distal 
clavicle (Debski et al. 2001). Chronic repetitive 
loading typically is seen in overhead athletes, 
weight lifters, and golf players.

On routine radiography the ACJ is not loaded 
in compression. Consequently, the joint space 
does not depict the thickness of the cartilage. A 
loaded view, obtained by forced adduction of the 
humerus by pulling the elbow with the opposite 
hand, may demonstrate an additional 27% of OA 
(Stenlund et al. 1992). However, the role of this 
view is not well established. OA may also be 
present on plain films in patients without symp-
toms (Zanca 1971; Bonsell et al. 2000). The prev-
alence of OA on MRIs of asymptomatic subjects 
has been reported to be as high as 48% and 82% 
(Needell et al. 1996; Shubin Stein et al. 2001).

Although some authors found bone marrow 
edema specific for symptomatic OA (Shubin 
Stein et al. 2006; Veen et al. 2018), others found 
it neither a sensitive (Singh et al. 2018) nor a spe-
cific (Singh et al. 2018; Frigg et al. 2019) sign of 
symptomatic OA.  In conclusion, clinical symp-
toms are not associated with radiological imag-
ing features of OA, and therefore should only be 
used as an adjunct in decision-making.

3.4  SC Joint

3.4.1  Sprain/Dislocation
No more than 2–3% of all dislocations involving 
the pectoral girdle occur at the SC joint. SC dis-
locations are classified as either anterior or pos-
terior, the anterior one being far more common. 
In nearly 150 traumatic SC dislocations a sports- 
related injury accounted for 21% (Wirth and 
Rockwood 1996). Two types of injury may result 
in a SC dislocation: The most common is an indi-
rect blow to the shoulder, which may be seen in 
contact athletes. Subsequently the clavicle acts 
as a lever through the fulcrum of the costocla-
vicular ligament (Rogers 1983). An anterolateral 
blow results in anterior, a posterolateral blow in 
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posterior dislocation (Fig.  10). Contact sports 
(especially martial arts, American football, and 
rugby) and motorcycle injuries are the common-
est causes of posterior dislocation. A posterior 
dislocation may also result from a direct blow to 
the anterior medial portion of the clavicle.

Approximately 25% of posterior dislocations 
are associated with some form of complication as 
the medial clavicle can impinge on vital medias-
tinal structures (Neer and Rockwood 1975). They 
consist of pneumothorax, laceration of the supe-
rior vena cava, compression of the venous struc-
tures of the neck, compression or rupture of the 
trachea, rupture of the esophagus, occlusion or 
compression of the subclavian or carotid artery, 
and changes in voice caused by compression of 
the recurrent laryngeal nerve. A high index of sus-
picion is required to determine the presence of 
these serious complications, which may manifest 
insidiously.

The center of ossification of the medial end of 
the clavicle appears at the age of 18–20  years, 
and its growth plate fuses at the age of 
20–25  years. Therefore many presupposed SC 
dislocations in patients younger than 25 years old 
are actually fractures through the physeal plate. 
Although the epiphysis usually stays attached via 
the sternoclavicular ligaments, a displaced epiph-
ysis can block reduction of the sternoclavicular 
joint. In two large series of posterior dislocation 

in patients under 25 years, the reported frequency 
of physeal separation was 57% and 55% (Laffosse 
et al. 2010; Lee et al. 2014).

Injuries to the SC joint are graded I to III 
according to ALLMANN (Allmann 1967) 
(Table 2).

Dislocations of the SC joint are notoriously 
difficult to characterize on plain radiography. The 
diagnosis is usually evident on CT scan, and one 
should directly proceed to CT instead of focusing 
on special plain film projections (Fig.  11). US 
can be used to make the diagnosis if CT is not 
readily available (Bengtzen and Petring 2017; 
Hellwinkel et al. 2019). MR may be more useful 
than CT in athletes under 20 years of age to dif-
ferentiate between an epiphyseal disruption and a 
true dislocation and to demonstrate a displaced 
unossified epiphysis or epiphyseal fracture com-
ponent (Beckmann and Crawford 2016; Laffosse 
et al. 2010). On MRI of 41 patients imaged with 
complaints related to a SC trauma, the most com-
mon sites of SC joint soft tissue injury were the 

Fig. 10 Mechanism of 
sternoclavicular 
dislocations caused by 
an indirect blow to the 
shoulder. Right: 
anterolateral blow 
resulting in an anterior 
sternoclavicular 
dislocation. Left: 
posterolateral blow 
resulting in a posterior 
sternoclavicular 
dislocation

Table 2 Allmann classification of SC injuries

Type 1 Mild sprain with intact ligaments and a 
stable joint

Type 2 Moderate sprain with subluxation and 
possible partial rupture of the ligaments

Type 3 Dislocation with complete disruption of 
the supporting ligaments
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articular disc (80%), the anterior SC ligament 
(73%), and the posterior SC ligament (39%). 
Injuries to the interclavicular and costoclavicular 
ligaments were rare (Benitez et al. 2004).

Things to Remember
 – In sports lesions plain films tailored to the 

clinical findings and of impeccable quality 
will significantly increase diagnostic 
performance.

 – Because of their low prevalence and low index 
of suspicion, sports-related stress fractures of 
the scapula and clavicle may be mistaken for a 
tumoral or infectious lesion unless a detailed 
occupational history is taken.

 – In sports-related AC joint or posterior shoul-
der pain, radiologists, respectively, should 
also consider a possible lateral clavicular oste-
olysis or a suprascapular nerve entrapment 
syndrome.

 – In sternoclavicular joint dislocation one 
should immediately proceed to CT instead of 
focusing on special plain film projections.

 – Complications of a posterior sternoclavicular 
dislocation may be serious and eventually life 
threatening.

 – In order to limit the exposure to ionizing radi-
ation, especially with SPECT-CT, the use of 
MRI is recommended in almost all cases that 
require advanced imaging, especially in a 
young athletic population.

a b

Fig. 11 (a and b) Impact trauma at the level of the left 
sternoclavicular joint during a martial art training session. 
Axial CT images at the same level in (a) bone and (b) soft 

tissue window showing a posterior luxation of the left 
sternoclavicular joint causing an impression (arrow) on 
the left brachiocephalic vein (v)

Referral Criteria

Plain Radiography
• Initial modality in osseous or articular 

disease
 – Tailored approach and good quality 

essential
 – Only AC stress views when therapeuti-

cal consequences
 – No special SC views when CT 

available
 – Low sensitivity for early stress fracture 

or DCO

CT
• Second stage evaluation of fractures or 

SC dislocation
 – If plain radiography negative and bone 

scan positive

Ultrasound
• Limited role in AC joint:
 – AC sprain: type 1 or muscular status.
 – AC joint: joint distension? arthrosyno-

vial cyst?
 – Limited role in SC joint: distension?
 – Posterior shoulder pain/weakness: para-

labral cyst?
 – Soft tissue trauma
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Abstract

The elbow, compared to the lower extremity 
and shoulder, is much less involved in sports 
injuries in general; however in specific sports 
it is nevertheless quite common (e.g., gymnas-
tics). Acute injuries are relatively rare and 
most injuries are the result of overuse. From a 
biomechanical standpoint two major mecha-
nisms are responsible for this. The first is the 
athlete who is involved in sports that require a 
large number of the same repetitive move-
ments like in baseball, specifically in pitchers. 
The second mechanism is seen in athletes who 
basically use their arm as a weight-bearing 
limb like in gymnastics or weightlifting. All 
known imaging modalities are useful in elbow 
imaging each with their own merit. Plain films 
is almost always the first imaging modality 
used. The clinical situation and the findings on 
plain films direct the next step of imaging (if 
necessary). For the evaluation of the soft tis-
sues ultrasound will usually suffice but if more 
information is needed, especially for the eval-
uation of the joint, MRI and CT both play 
important roles. It has to be emphasized that 
both have their own merits and that they often 
are complementary to each other.
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1  Introduction

Elbow injuries in athletes are relatively uncom-
mon. Compared to overuse injuries, acute inju-
ries are less common. Acute injuries are most 
likely the result of direct trauma or a fall on the 
outstretched arm and can lead to a variety of inju-
ries which are summarized in Table  1 (Fig.  1). 
Overuse injuries are chronic and are the result of 
repetitive motions which generate chronic stress 
on anatomical structures in and around the elbow 
joint, especially ligaments, tendons, and carti-
lage. Sports activities that are prone to overuse 
elbow injuries involve those with extensive use of 
the arm in throwing (e.g., baseball pitching, jav-
elin), those in which the arm is used as a lever 
with swinging and/or hitting (e.g., golf, tennis, 
racquetball), and those in which the arm is turned 
into a weight-bearing joint (e.g., gymnastics, 
weightlifting). In addition, sports activities in 
which the arm is used to block goal fired shots are 
prone to elbow injuries (e.g., goalkeepers in 
handball and soccer).

There are several factors that contribute to 
injuries of the elbow in sports activities. They can 
basically be divided into intrinsic and extrinsic 
factors (Wilder and Sethi 2004; Gissane et  al. 

2001). Intrinsic factors are athlete related, such as 
joint stability, muscle strength, skeletal maturity, 
and history of previous injuries. Extrinsic factors 
are sports related such as biomechanics of the 
game, equipment used, training hours, and coach-
ing. Particularly game biomechanics seems to be 
the most important extrinsic factor. In overhead 
throwing athletes the amount of valgus stress at 
the elbow is significant even in adequately 
trained, non-injured, professional athletes with 
proper throwing techniques (Fleisig et al. 1995; 
Loftice et  al. 2004; Werner et  al. 2002). These 
forces are inherent to the movements the arm 
makes to accelerate balls. Knowledge of specific 
game dynamics is a prerequisite for a thorough 
understanding of specific sports related elbow 
lesions.

This chapter aims to give an overview of the 
dynamics of the most frequent sports related 
injuries of the elbow (Table 2). The merits of the 
different imaging modalities (standard 
 radiography, ultrasound, computed tomography 
and magnetic resonance imaging) in the diagnos-
tic algorithm will be emphasized and are sum-
marized in different boxes.

Fig. 1 A 23-year-old female gymnast sustained a fall on 
the left elbow while training on the balance beam. Axial 
T2-WI FS image of the left elbow at the level of the tuber-
ositas radii. Extensive muscle edema and partial rupture 
of the pronator teres muscle (asterisk), muscle edema in 
the superficial flexor digitorum muscle (arrow) and exten-
sive fluid in the fascial planes and subcutaneously

Table 1 Classic traumatologic injuries of the elbow

Adult Child/adolescent
Fracture/dislocation Fracture/dislocation
–  Radial head/neck 

fracture
– Olecranon fracture
– Elbow dislocation
  – Posterior
  –  Anterior (less 

common)
–  Supracondylar humerus    

fracture
–  Coronoid process 

fracture
–  Epicondyle fracture 

(rare)
– Galleazzi/Monteggia
  Fracture-dislocation 

(rare)

– Radial head dislocation
 (‘Pulled elbow’)
–  Supracondylar humerus 

fracture
– Elbow dislocation
  – Posterior
  – Anterior (rare)
– Epicondyle fracture
– Galleazzi/Monteggia
 Fracture-dislocation
–  Radial head and 

olecranon
 Fractures (rare)

Soft tissue injury Soft tissue injury
–  Distal biceps tendon 

rupture
– Triceps tendon rupture

Rare

M. C. de Jonge et al.
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2  Anatomy

The elbow has a central position in the shoulder- 
hand kinetic chain. It consists of three articula-
tions joined in a common synovial compartment 
known as the humero-ulnar, the capitello-radial, 
and the (proximal) radio-ulnar joint. To allow a 
combination of flexion-extension (humero- ulnar), 
pro-supination (radio-ulnar), and stability of the 
elbow joint, a specific congruent design of the 
humero-ulnar articular surfaces is needed. A trian-
gular shaped fortification of the medial capsular 
structures is the medial or ulnar collateral liga-
ment (UCL), the origin or top of the broad based 
triangle is located at the medial epicondyle and 
the insertion is located at the ulna (anterior to the 
processus coronoideus and posterior to the olecra-
non). On the lateral side a capsular fortification 
arises from the lateral epicondyle and forms the 
radial ligamentous complex (RLC) (Alcid et  al. 
2004; Kijowski et al. 2004; Bryce and Armstrong 
2008; Karbach and Elfar 2017). The UCL consists 
of three separate structures, the anterior bundle, 
the posterior bundle, and the transverse bundle 
(Fig. 2). The anterior bundle is the most important 
valgus stress stabilizer of the elbow joint, and can 
be further divided into anterior and posterior 
bands that alternate in tautness in extended and 
flexed position, respectively. Since the transverse 
bundle does not cross the elbow joint itself it does 
not contribute much to the stability (Alcid et al. 
2004; Chung and Kim 2003; Kijowski et al. 2004; 

Thornton et al. 2003; Bryce and Armstrong 2008; 
Karbach and Elfar 2017). The RLC is composed 
of four different ligaments and protects the elbow 
against varus stress and posterolateral instability. 
It is much less prone to injury than the UCL (Alcid 
et al. 2004; Chung and Kim 2003; Kijowski et al. 
2004; Thornton et al. 2003; Bryce and Armstrong 
2008; Karbach and Elfar 2017). The most impor-
tant osseous landmarks are the medial and lateral 
epicondyle of the humerus, the olecranon, the 
coronoid process of the anterior ulna and the 
radial head. The most important musculotendi-
nous structures are, arising from the lateral epi-
condyle, the common extensor tendon including 
the lower arm, hand and wrist extensors, and the 
common flexor tendon or pronator-flexor complex 
which arises from the medial epicondyle (Alcid 
et al. 2004). The ulnar nerve, which is the most 
often compromised nerve around the elbow in 
athletes, runs in a fibro-osseous groove at the 
medial humeral epicondyle, close to the origin of 
the UCL.

Fig. 2 Normal anatomy of the ulnar collateral ligament. 
It consists of three separate bundles: the anterior bundle 
(black arrow), the posterior bundle (white arrow), and the 
transverse bundle (arrowhead). (Reprinted with permis-
sion from Kijowski R, Tuite M, Sanford M. 2004 Magnetic 
resonance imaging of the elbow. Part I: Normal anatomy, 
imaging technique and osseous abnormalities. Skeletal 
Radiology 33: 685–697)

Table 2 Common injuries in selected sports

Sport Injury Common name
Baseball Ulnar collateral 

ligament
“Pitchers 
elbow”

Baseball—
child/adolescent

Medial 
epicondyle 
apophysitis

“Little League 
elbow”

Tennis Lateral 
epicondylitis

“Tennis elbow”

Golf Medial 
epicondylitis

“Golfers elbow”

Handball and 
soccer

Intra-articular 
loose bodies

“Goalkeepers 
elbow”

Gymnastics Osteochondral 
lesions

–

Imaging of Sports Injuries of the Elbow
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3  Biomechanics

3.1  Introduction

Biomechanically the elbow joint acts as a combi-
nation of a hinge joint (ulno-humeral and radio- 
humeral) and a more pivot joint (radio-humeral 
and proximal radio-ulnar) allowing not only 
flexion- extension but also pronation-supination 
movements. The main stability of the elbow 
results from the highly congruent ulno-humeral 
joint surfaces and the collateral ligaments, pre-
venting hyperextension and hyperflexion and 
varus and valgus, respectively (Bryce and 
Armstrong 2008; Karbach and Elfar 2017).

3.2  Baseball (and Other Overhead 
Throwing Sports)

In baseball, elbow injuries most commonly origi-
nate due to pitching, and hence the term “pitch-
er’s elbow” which actually most often refers to an 
injury of the UCL. The pitch, a very complicated 
movement, is commonly divided into six phases: 
windup, stride, cocking, acceleration, decelera-
tion, and follow through (Alcid et  al. 2004; 
Fleisig et  al. 1995; Loftice et  al. 2004; Werner 
et al. 1993, 2002; Escamilla et al. 2017). These 
different phases are well described in the litera-
ture and apply more or less to other overhead 
throwing movements performed by other ath-
letes. Essentially, the elbow moves during these 
phases from a flexed to an extended position; the 
greatest forces occur during the cocking and 
acceleration phases when maximum valgus and 
extension forces are applied to the UCL that acts 
as the primary valgus stabilizer (Loftice et  al. 
2004; Werner et al. 1993; Chen et al. 2001). This 
can result in acute and chronic injuries of the 
UCL and/or the pronator-flexor complex that acts 
as the secondary medial stabilizing structure 
(Alcid et al. 2004; Cain et al. 2003; Chen et al. 
2001). With this knowledge, studies have shifted 
their focus to identifying kinematic differences 
between different pitch types. The first results of 
these studies suggest lower amounts of force and 
torque in the changeup compared to fastballs, 
curveballs, and sliders (Escamilla et  al. 2017). 

The stability of the osteochondral structures 
itself, more specifically the olecranon in the fossa 
olecrani and the radio-capitellar joint, increases 
when the elbow moves towards extension leading 
to torque forces and shearing of the olecranon in 
its fossa and to posterior osteophyte formation 
resulting in what is called “valgus extension 
overload syndrome” (VEO) (Ahmad and 
Elattrache 2004). The compressive forces that are 
generated in the lateral elbow can lead to carti-
lage damage or bone lesions of the radial head 
and/or capitellum (e.g., osteochondral lesions) 
(Bojanic et  al. 2006; Cain et  al. 2003; Gerbino 
2003; Loftice et al. 2004; Kijowski et al. 2004).

The term “little league elbow” usually refers 
to athletic injuries in the immature skeleton, 
probably due to improper throwing techniques. 
Originally described as a medial epicondyle frac-
ture (Brogdon and Crow 1960), the term is actu-
ally reserved to describe medial epicondyle 
traction apophysitis or medial apophyseal 
avulsion.

Although javelin and American football 
involve overhead throwing similar to the baseball 
pitch, injuries to the elbow are much less frequent. 
It is suggested that in football this is probably due 
to lower forces and less torque in the elbow dur-
ing the throw (Loftice et al. 2004). Although sev-
eral studies are published on the specific 
biomechanics of the throw in javelin which also 
involves powerful flexion from maximal extended 
position (Bartlett and Best 1988; Morris and 
Bartlett 1996), there is lack of large studies on 
elbow injuries in this sports discipline.

3.3  Golf

For a non-throwing sport, golf places enormous 
strains on the different components of the kinetic 
shoulder-elbow-wrist chain. The swing can be 
divided into the takeaway, forward swing, accel-
eration, early follow through, and late follow 
through (Zouzias et  al. 2018). An injury to the 
elbow in golfers is almost always swing related or 
due to improper technique. The medial epicondy-
litis or so-called “golfer’s elbow” is an overuse 
injury of the common pronator-flexor origin and 
occurs typically in the elbow of the dominant arm 

M. C. de Jonge et al.
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(the right arm in a right-handed golf player). 
Forceful overuse of the common extensor mus-
cles leading to lateral epicondylitis is more fre-
quent when the grip of the golf club is to tight 
(Zouzias et  al. 2018). Not only improper 
 technique contributes biomechanically but also 
abrupt trauma when the player hits the ground in 
front of or behind the ball. It is the violent decel-
eration on impact that strains the medial compart-
ment and that raises forceful contractions at the 
medial and lateral lower arm musculature to sta-
bilize the elbow and the club that lead to the con-
dition (McCarroll 2001; Thériault and Lachance 
1998; Zouzias et al. 2018). Therefore, lateral epi-
condylitis is also a common problem at the non-
dominant arm or lead arm in golf players (Loftice 
et al. 2004; McCarroll 1996, 2001; Thériault and 
Lachance 1998; Zouzias et  al. 2018). The fre-
quency of medial and lateral injuries is more or 
less equal in golf players (McCarroll 1996).

3.4  Tennis

“Tennis elbow” or lateral epicondylitis is associ-
ated with excessive overuse of the hand and wrist 
extensors. The tendon most commonly involved 
is the extensor carpi radialis brevis (ECRB) 
(Levin et  al. 2005; Miller et  al. 2002; Roetert 
et al. 1995; Walz et al. 2010). Injuries seem to be 
predominantly associated with improper back-
hand use, leading to excessive forces at the level 
of the common extensor origin. This may explain 
the higher incidence of lateral epicondylitis in 
nonprofessional tennis players compared to pro-
fessional tennis players (Walz et  al. 2010). 
Despite the fact that studies have shown that in 
all major strokes at tennis the wrist extensors are 
highly involved, only improper backhand use is 
predominantly associated with tendinosis and 
paratenonitis of the origin of the ECRB (Loftice 
et al. 2004; Roetert et al. 1995). Other factors that 
have been incriminated consist of improper hand/
wrist positioning (over-pronation and hyperflex-
ion), eccentric location of impact of the ball on 
the racket, and the amount of force impact/trans-
fer from the ball to the racket (Roetert et  al. 
1995). In addition to these factors, the deep parts 
of the tendon tend to lack vascularity which can 

also contribute to degeneration and tendinosis 
(Walz et al. 2010).

3.5  Handball and Soccer 
(European Football)

Although biomechanically there is a large differ-
ence between handball and soccer players, with 
regard to elbow injuries the goalkeepers in both 
sports share a common injury pattern of the 
elbow, which is called the “goalkeeper’s elbow.” 
Two mechanisms are involved: the first is the 
injury pattern as seen in many overhead throwing 
athletes. Therefore, similar elbow lesions as in 
overhead throwing athletes are found (Popovic 
and Lemaire 2002; Popovic et al. 2001). The sec-
ond (which is more typical for goalkeepers) is 
repeated combined high valgus stress load and 
hyperextension of the elbow due to the blockage 
of shots fired at the goal (Akgun et al. 2007). This 
trauma leads to medial elbow instability and 
repetitive abutment of the olecranon in its fossa 
and can lead to cartilage damage, osteophyte for-
mation, and intra-articular loose bodies.

3.6  Gymnastics

Participants in gymnastics are traditionally and 
increasingly younger in age. This puts them at a 
particular risk for injuries to the growing skeleton 
which are different compared to injury patterns 
encountered in adults. Osteochondral lesions are 
frequently seen in gymnasts, because they use 
their elbow as a weight-bearing joint (Bojanic 
et al. 2006; Jackson et al. 1989). It is predomi-
nantly an overuse injury caused by repetitive 
microtrauma to the immature cartilage. A similar 
pattern is seen in weightlifters.

4  Imaging the Elbow

4.1  Introduction

In the authors’ opinion standard radiography 
should be the first imaging modality of choice. 
Apart from a so-called reversed axial projection 
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which allows better visualization of the olecra-
non and the trochlea (Fig. 3), additional views in 
many different directions are usually not helpful. 
The value of stress radiographs is discussed else-
where (see Sect. 4.2.1).

Ultrasound is a fast and cheap way to evaluate 
the elbow. To evaluate the anterior recess, the arm 
is partially flexed and supinated while the poste-
rior recess is best evaluated in elbow extension. 
Lateral and medial visualization is most optimal 
in extension or 90° flexion semi-pronated or a 

slightly flexed elbow in exorotation, respectively. 
The posterior elbow soft tissues are most easily 
examined in flexion with the palm of the hand flat 
on the table (fingers directed towards patient) 
(Ferrara and Marcelis 1997).

The positioning of the elbow on MRI is con-
sidered to be one of the most important factors 
which can be either fully supinated and extended 
(besides supine body) or in an overhead pronated 
and extended position (body prone) (“Superman’s 
position”) in which case the elbow is more in the 
center of the magnet which improves image qual-
ity. All imaging planes can be useful but one has 
to make sure that the coronal plane is parallel to 
the middle of both humeral condyles (Fig.  4), 
although a coronal oblique plane is also pro-
posed, especially for the collateral ligaments 
(Cotten et al. 1997). The role of MR arthrography 
is controversial, but there is no evidence that rou-
tinely MR arthrography is more accurate than 
conventional MR.

Helical high-resolution CT (HRCT) with 0.6 
or 0.5 mm slice thickness can have its advantages 
over MRI due to the superior spatial resolution in 
which the osseous structures are visualized. 
Examining the elbow with HRCT takes a consid-
erable shorter time compared to a MRI investiga-
tion which can be of significant importance in a 
painful patient.

Fig. 3 Reversed axial projection of the right elbow allows better visualization of the posterior elbow, in particular the 
olecranon and the posterior part of the humero-ulnar joint

Fig. 4 A coronal MRI plane (or a coronal MPR on a CT) 
is planned on an axial image and runs parallel to the con-
dyles of the distal humerus (white line)
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The role of bone scintigraphy is declining 
since the introduction of MRI. It is not the high 
sensitivity of scintigraphy for bony abnormali-
ties but the low specificity and blindness to soft 

tissue lesions that limits its use (Van der Wall 
et al. 2001).

4.2  Baseball and Overhead 
Throwing Sports

4.2.1  Standard Radiographs
Before the widespread use of ultrasound, which 
is described in Sect. 4.2.2, to assess UCL injury, 
standard radiography was the primary diagnostic 
tool of choice. In case of suspicion of UCL injury, 
standard radiography and CT (see Sect. 4.2.4) 
aims to exclude or visualize small avulsions at its 
proximal attachment at the medial epicondyle of 
the humerus (Figs. 5 and 6) or at its distal inser-
tion at the sublime tubercle, which is the medial 
aspect of the coronoid process of the ulna. 
Osteophytes are more difficult to appreciate, for 
these are most common at the posteromedial 
olecranon in case of chronic UCL injury or “val-
gus extension overload syndrome.” There are 
several studies that describe the value of stress 
radiography of the elbow in which AP views of 
the elbow are made while valgus stress is applied 
to the elbow (Lee et al. 1998; Rijke et al. 1994; 
Eygendaal et al. 2000). Rijke et al. (1994) differ-
entiates partial (grade 2) from complete (grade 3) 
UCL tears using this technique. Lee et al. (1998) 
recognized the value of stress radiography in val-
gus instability, with comparative views of the 
uninjured elbow to differentiate instability from 
nontraumatic joint laxity. However, evaluating 
the UCL with US or MRI has almost completely 
taken over the role of these stress radiographs. 
Medial apophysitis, in skeletally immature 
throwers, may produce subtle abnormalities on 
plain films. Slight widening of the apophysis or 
fragmentation of the ossification center can be 
seen (Chen et al. 2005; Hang et al. 2004; Klingele 
and Kocher 2002; Wei et al. 2010).

4.2.2  Ultrasound
Ultrasonography is a convenient, noninvasive, 
and cheap method to detect several morphologic 
changes in the ligaments and tendons of the 
elbow in injured athletes. It has several other 
advantages compared to other means of radio-

Fig. 5 A 20-year-old baseball player with pain in the 
region of the UCL for several months. AP radiograph of 
the left arm. A faint calcification is seen at the region of 
the proximal attachment of the UCL (arrow)

Fig. 6 Longitudinal ultrasound view of a normal UCL 
(arrowheads). The normal UCL is hyperechoic and has a 
fanlike shape proximally. Distally its insertion is at the 
sublime tubercle of the proximal ulna (arrow)
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logical evaluation. It offers the possibility to 
examine the elbow dynamically and evaluation of 
the contralateral side for comparison can be per-
formed simultaneously in the same setting.

Ultrasound can provide a good and reliable 
evaluation of the UCL (Fig. 7). The anterior band 
of the UCL is most commonly associated with 
chronic traumatic changes in throwing athletes as 
it is the major stabilizer of valgus stress in the 
elbow. On normal ultrasound the anterior band 
should appear as a hyperechoic, thin, and com-
pact fibrillar band under the common flexor ten-
don (Konin et  al. 2013). Several studies have 
been performed on both injured and non-injured 
professional and amateur baseball players to 
assess changes in the UCL and medial joint laxity 
as a result of UCL trauma. These studies showed 
a significant increase in thickness of the anterior 
band of the UCL and more hypoechoic foci and 
calcifications in the dominant elbow compared to 
the nondominant one (Ciccotti et  al. 2017; 
Nagamoto et al. 2014; Tajika et al. 2016; Sasaki 
et al. 2002).

As a result of UCL trauma with partial or 
complete tears of the ligament, the medial joint 
space can widen when valgus stress is applied. As 
mentioned above, this widening can also be mea-
sured with ultrasound as dynamic assessment is 
possible. Several studies found a significantly 
larger increase in medial joint space when apply-
ing valgus stress in the dominant elbow com-
pared to the nondominant elbow (Sasaki et  al. 
2002; Ciccotti et al. 2017) when comparing over-
head throwing athletes with healthy volunteers.

Osteochondritis dissecans of the capitellum is 
thought to be caused by repetitive compressive 
forces during pitching and has a reported preva-
lence in young baseball players between 1.3 and 
3.4% (Matsuura et al. 2014; Otoshi et al. 2017; 
Kida et al. 2014; Harada et al. 2006). Although 
US is in general not used to evaluate OCD 
lesions, several subchondral characteristics of 
OCD can be identified using ultrasonography. 
These consist of cortical irregularities of the sub-
chondral bone, cystic lesions, a double floor line, 
or discontinuities of the capitellum (Matsuura 
et al. 2014; Yang et al. 2017).

In a study performed by Lee et al. ultrasound 
had a positive predictive value of 88% for detect-
ing medial epicondylar lesions in young baseball 
players when compared to MRI (Lee et al. 2019). 
Ultrasonography showed irregularities or frag-
mentation of the medial epicondyle in 9.4% of 
their study population which consisted of 7 
(junior) high school baseball teams, including 
UCL injuries which are more often seen in skel-
etally mature pitchers.

Though ultrasonography can be used to iden-
tify several injuries in the adolescent and profes-
sional baseball player, all results should be 
interpreted with caution as all morphologic 
changes have also been reported in uninjured 
players and asymptomatic elbows.

4.2.3  MRI
The anterior bundle of the UCL is the most 
important structure to visualize in an overhead 
throwing athlete with medial elbow pain. It is the 
only part of the medial complex that is reliably 
seen in the coronal plane in which it should 
appear as a thin continuous linear structure with a 
low signal intensity on all sequences (Kijowski 

Fig. 7 Coronal CT MPR of the same patient as in Fig. 5. 
A small avulsion at the origin of the UCL is very well 
appreciated on CT (arrow)
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et al. 2005; Ciccotti et al. 2017) (Fig. 8). A small 
amount of fat can be seen deep and/or superficial 
to the ligament (Jacobson et al. 2003). Complete 
rupture is demonstrated through non- visualization 
of the ligament or focal complete disruption at 
the ulnar or humeral attachment (Fig. 9). Other 
signs of rupture, either partial or complete, 
include laxity, thickening, irregularities, and poor 
definition of the ligament as well as abnormal 
signal intensity in or around the ligament 
(Kijowski et  al. 2005; Nakanishi et  al. 1996; 
Sonin and Fitzgerald 1996; Thornton et al. 2003). 
Ossification and osteophyte formation can be 
seen (Fig.  10). In case of injury of the UCL 
around the sublime tubercle, a T-sign can be seen 
on MRI (Ciccotti et  al. 2017; Nocerino et  al. 
2018). A T-sign is described as contrast between 
the attachment of the UCL and the sublime tuber-
cle and can be indicative of a partial tear. A very 
recent study by Lin et al. demonstrated that the 
T-sign is most likely not an anatomical variation 
but that it is a poor predictor of symptoms or need 
for surgery (Lin et al. 2019). Complete ruptures 
are easier to diagnose than partial ruptures. A 

sensitivity and specificity of as high as 100% has 
been described for complete ruptures, for partial 
rupture a sensitivity of only 57% is reported 
(Timmerman et  al. 1994). Partial ruptures are 
more easily seen if surrounded by fluid. This 
explains the preference of some radiologists to 
perform MR arthrography in which there is 
extravasation of fluid or gadolinium extra- 
articular into or beyond the ligament (Munshi 
et  al. 2004; Nakanishi et  al. 1996; Timmerman 
et al. 1994; Thornton et al. 2003; Nocerino et al. 
2018). Whatever technique used, we have to be 
careful in diagnosing partial tears since several 
studies showed that the UCL can have a variable 
appearance not only at its distal insertion at the 
sublime tubercle but also at its proximal attach-
ment at the humeral epicondyle (Jacobson et al. 
2003; Munshi et al. 2004).

In “valgus extension overload syndrome” 
MRI is used to evaluate the UCL, the joint carti-
lage, and the olecranon to look for osteophytes 
and loose bodies. The UCL is expected to be 

Fig. 8 Normal UCL. Coronal T2-fatsat image on which 
the ulnar collateral ligament is displayed as a thin, smooth 
edged appearance and of overall low signal intensity 
(white arrowheads). There is a relative broad insertion 
below the undersurface of the medial epicondyle which is 
normal. The discrete hyperintensity at this level of the 
insertion is also normal

Fig. 9 An 18-year-old baseball pitcher with chronic 
ulnar-sided elbow pain. Coronal T2*-weighted image. 
There is a complete disruption of the origin of the UCL at 
the level of the medial epicondyle (arrow) with fluid sur-
rounding the ligament that is slackened, somewhat irregu-
lar and blurred
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thickened and irregular and predominantly hypo- 
intense on T1-weighted and T2-weighted 
sequences reflecting fibrosis as part of repair of 
microtears. Bone marrow edema can be seen in 
the olecranon representing repetitive bony stress. 
Particular attention has to be paid to the ulnar 
nerve since ulnar neuropathy can accompany 
VEO syndrome (Fig. 11). The ulnar nerve may 
be thickened with high signal intensity on PD or 
T2-weighted images and/or can be subluxed from 

the ulnar groove (Cain et  al. 2003; Field and 
Savoie 1998; Gerbino 2003; Kijowski et al. 2005; 
Thornton et al. 2003).

In the immature skeleton the apophysis of the 
medial epicondyle is particularly vulnerable to 
repetitive valgus stress (Klingele and Kocher 
2002; Chauvin and Gustas-French 2019). This 
recurrent stress results in medial epiphysitis 
(which is of course a misnomer) which can dem-
onstrate sclerosis, trabecular thickening, and a 

a b

c

Fig. 10 A 26-year-old baseball player with acute on 
chronic medial elbow pain. (a) Coronal PD FS demon-
strating extensive bone formation at the level of the ulnar 
origin of the UCL with bone marrow edema (arrow). 
There is no clearly recognizable ulnar collateral ligament.  

(b) The coronal CT MPR confirmed these findings and 
showed strong suggestion of a possible recent fracture of 
the tip of the bone formation causing the acute component 
(arrow). (c) Axial T1 displays the proximity of the ulnar 
nerve (arrowhead).
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widening of the physis with an increased fluid- 
sensitive signal on either side of the physis in 
young players with an open physis (Chauvin and 
Gustas-French 2019). In severe cases fragments 
of the medial apophysis, or the complete medial 
apophysis, might avulse as a result of the recur-
rent valgus stress. The same valgus stress can 
also lead to capitellar osteochondritis dissecans 
which will be described in further detail in Sect. 
4.6.3 as it is common in both young baseball 
players and gymnasts.

A study performed by Hurd et  al. (2011) in 
uninjured high school baseball players showed 
abnormal MRI findings in 87% of the 23 partici-
pants. The most common finding being thicken-
ing of the UCL in the dominant elbow in 65% of 
the participants. Other identified soft tissue abnor-
malities were joint effusion in 17% of cases and 
one case of increased T2-weighted signal inten-
sity at the insertion of the triceps in the dominant 
arm. Several osteoarticular changes were also 
observed and included subchondral sclerosis in 
the ulnotrochlear articulation (61%), osteophytes 
at the olecranon (35%), ulnotrochlear chondro-
malacia (17%), and bone marrow edema in one 
case. Ten individuals (43%) were identified with 
multiple abnormalities (Hurd et al. 2011).

The findings of abnormalities in uninjured 
players lead to the question whether these find-
ings can predict future injuries and several per-
formed studies have found conflicting results. 
Similar studies were performed by Gutierrez 

et al. (2017) and Garcia et al. (2019) that retro-
spectively analyzed routine MRIs in Major 
League Baseball pitchers and the correlation of 
these scans with future placement on disabled 
lists found conflicting results. The study per-
formed by Garcia et al. (2019) reviewed scans of 
41 pitchers of a single organization from 2005 to 
2017 and found a significantly higher amount of 
uninjured pitchers to be placed on the disabled 
list when an MRI found UCL heterogeneity, par-
tial UCL tears, and posteromedial impingement 
compared to pitchers whose MRI did not show 
these changes (Garcia et  al. 2019). Gutierrez 
et al. (2017) however found no statistically sig-
nificant prediction of placement on the disabled 
list following any abnormalities on MRI with a 
total of 26 MRIs examined.

4.2.4  CT
The use of CT as a secondary imaging modality 
(after standard radiography) to evaluate elbow 
injuries in overhead throwing athletes is almost 
exclusively reserved for acute bony trauma (frac-
tures). Chronic osseous injuries like stress frac-
tures of the olecranon are relatively uncommon in 
overhead throwers but have been described in 
baseball players and javelin throwers and can be 
visualized with CT, especially the type III and IV 
fractures (classification by Arendt/Griffiths) 
(Iwamoto and Takeda 2003; Arendt and Griffiths 
1997). If, on standard radiographs, a bony avul-
sion is suspected in case of an UCL injury, CT will 
yield better results than MRI in describing the 
exact size and location of the fragment (Fig. 6). In 
case of “valgus extension overload syndrome,” 
CT can depict the exact size and location of the 
osteophytes at the posterior olecranon better than 
standard radiography. An additional advantage of 
CT is that in case of absence of intra-articular fluid 
an intra-articular osseous loose fragment will be 
picked up more easily than with MRI.

4.3  Golf

4.3.1  Standard Radiography
Standard radiography is of little value in golfer’s 
elbow. Nonspecific findings such as soft tissue 
swelling, loss of normal fat planes adjacent to the 

Fig. 11 Transverse US image of the elbow showing the 
UCL (arrows). Note the close proximity of the ulnar nerve 
(arrowheads) which is often compromised in cases of 
UCL injuries
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medial epicondyle, small calcifications, or subtle 
cortical irregularities at the origin of the common 
flexor tendon can be seen (Chen et  al. 2003; 
Kijowski et al. 2005; Kani et al. 2017) (Fig. 12). 
A bony avulsed fragment at the common flexor 
tendon origin or the UCL is another possible 
finding.

4.3.2  Ultrasound
Ultrasound is the imaging modality of choice in 
medial epicondylitis. A clinical study by Park 
et al. showed high sensitivity, specificity, positive 
predictive value, and negative predictive value of 
95.2%, 92%, 90.9%, and 95.8%, respectively 
(Park et al. 2008) This study showed the common 
flexor pronator tendon (CFPT) can show various 
abnormalities of which a focal hypoechoic area 
was most commonly seen. The CFPT can also 
show thickening, outward bowing, a decreased or 
heterogeneous architecture, or hyperemia. Other 
abnormalities consist of intratendinous calcifica-
tions and epicondylar irregularities or erosions 
(Kani et al. 2017). Interindividual variability with 
a short common flexor tendon makes ultrasono-

graphic evaluation more difficult. In these cases, 
comparison with the uninjured arm is useful.

4.3.3  MRI
With medial epicondylitis being a clinical diag-
nosis in most cases and ultrasonography being a 
good diagnostic tool, MRI should only be 
reserved for cases with high concern for concom-
itant pathology or when the source of medial 
elbow pain is unclear (Walz et  al. 2010; Amin 
et al.  2015).

In healthy individuals, the common flexor 
tendon is seen as a structure with low signal 
intensity on all sequences (Kani et al. 2017). In 
medial epicondylitis MRI can reveal a spectrum 
of abnormalities depending upon the duration 
and severity of the symptoms. The more acute 
phase of tendinosis with paratenonitis is charac-
terized by increased signal respectively in and 
around the tendon on any sequence (Kijowski 
et al. 2005; Walz et al. 2010; Kani et al. 2017). 
This increased signal can vary between faint 
hyperintensity on fluid-sensitive sequences to 
areas with frank fluid signal although the latter 

Fig. 12 Two patients with chronic lateral and medial epicondylitis. Calcifications are seen at the level of the common 
extensor tendon on the left image and on the right image of the common flexor tendon (white arrows)
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most likely represents partial tearing. Thickening 
of the tendon can be seen in more chronic cases, 
which will most often be referred to as tendino-
sis. Although tendinosis and tendinitis are con-
fusingly interchangeably used in the literature to 
describe overuse and degenerative pathology, 
the correct terminology from the histopathologi-
cal point of view is tendinosis. Intratendinous 
inflammation is not predominantly present on 
pathological specimens. Inflammatory infiltra-
tion may be present at the tendon sheath or 
paratenon and thus is referred to as tenovaginitis 
and paratenonitis, respectively. It is obvious that 
only the “-itis” disorders respond to anti-inflam-
matory drugs (Khan et  al. 1999; Puddu et  al. 
1976). In case of a rupture of the common flexor 
tendon, thinning or disruption with a fluid-filled 
gap at the level of the tear is seen (Thornton 
et al. 2003; Walz et al. 2010). Abnormalities are 
most frequent at the flexor carpi radialis and pro-
nator teres part of the common flexor tendon 
(Kijowski et  al. 2005; Thornton et  al. 2003). 
Other structures most frequently described with 
abnormalities in medial epicondylitis are bone 
marrow, the medial collateral ligament (MCL), 
and the ulnar nerve. Bone marrow edema in the 
medial epicondyle and in the surrounding mus-
cles has been described (Thornton et al. 2003). 
Damage to the MCL has been described as vary-
ing between increased signal intensity on proton 
density-weighted fat- saturated SE images to full 
thickness tears (Kani et  al. 2017). The ulnar 
nerve is compromised in up to 60% of patients 
(Jobe and Cicotti 1994); neuritis will show 
thickening of the ulnar nerve within or distal to 
the cubital tunnel with an increased signal on 
T2-weighted or proton density- weighted fat-sat-
urated fast SE images in the nerve and the sur-
rounding tissues (Walz et al. 2010).

4.4  Tennis

4.4.1  Standard Radiography
The most common finding in standard radiology 
is calcifications at the lateral epicondyle which is 
seen in 16–47% of cases (Pomerance et al. 2002; 
Shillito et al. 2017) (Fig. 12). Though this sup-
ports the diagnosis of “tennis elbow,” it does not 

alter treatment in patients with a clinical diagno-
sis. Standard radiography is therefore found to be 
not cost-effective and should not be used rou-
tinely (Keijsers et al. 2019).

4.4.2  Ultrasound
The ultrasound appearance of the common exten-
sor tendinosis (Fig. 13) is basically similar to the 
findings in common flexor tendon overuse. They 
include linear intrasubstance tears, thickening of 
the tendon, calcifications as well as entheso-
phytes, bone irregularities, focal hypoechoic 
areas, peritendinous fluid, and diffuse tendon het-
erogeneity (Connell et al. 2001; Levin et al. 2005; 
Miller et al. 2002) (Fig. 14). Compared to MRI, 
studies by Levin et al. (2005), Miller et al. (2002), 
and Bachta et al. (2017) showed a good US sen-
sitivity for lateral epicondylitis ranging from 
64% to 88% with MRI sensitivity ranging from 
90% to 100%. A large discrepancy was found in 
outcomes for specificity ranging from 67–100% 
(Miller et al. 2002; Bachta et al. 2017) to 36–48% 
(Levin et  al. 2005). A possible explanation for 
these outcomes could be the used criteria for 
diagnosing lateral epicondylitis.

A study by Arslan et  al. (2018) comparing 
diagnostic performance of different sonographic 
modalities showed optimal diagnostic proper-
ties when combining B-mode sonography with 
SMI (Superb Microvascular Imaging). This 
reported a sensitivity, specificity, positive pre-
dictive value, and negative predictive value of 
94%, 98%, 97.7%, and 94.2% and was superior 

Fig. 13 Longitudinal US view of the normal common 
extensor tendon origin (arrow). Radial head (asterisk)
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compared to other combinations including 
power Doppler, color Doppler, and strain 
elastography.

4.4.3  MRI
A very high sensitivity is repeatedly reported for 
MRI in the evaluation of lateral epicondylitis, 
although a meta-analysis in 2001 concluded that 
the assessment of MR findings in epicondylitis is 
questionable due to small sample sizes and 
methodological shortcomings (Pasternack et al. 
2001). Fluid-sensitive sequences are mandatory 
(STIR or T2-Fat Sat); the axial and coronal 
planes are the most helpful in the evaluation of 
the common extensor tendon which should dem-
onstrate low signal intensity on all sequences 
(Walz et  al. 2010) in normal individuals. The 
ECRB is most often involved, not rarely with 
secondary involvement of the extensor digito-
rum communis (EDC) (Nirschl 1992; Walz et al. 
2010). Findings depend upon chronicity of the 
condition and are thickening or thinning of the 
tendon and increased signal on the fluid-sensi-

tive sequences and/or the T1-weighted sequences 
(Fig.  15). These findings can however also be 
found in non-symptomatic high-performance 
athletes (Martin and Schweitzer 1998). 
Furthermore, the radiologist has to be informed 
if any treatment has been applied (e.g., local cor-
ticosteroid injection, shock wave therapy) prior 
to MRI.  In the coronal plane the LUCL is 
assessed because injuries to this ligament are not 
uncommon in patients with lateral epicondylitis 
(Bredella et  al. 1999; Walz et  al. 2010). Bone 
marrow edema at the lateral humeral epicondyle 
can occur (Martin and Schweitzer 1998) as well 
as T2-weigthed hyperintense signal in the sur-
rounding soft tissues (e.g., anconeus muscle) 
(Coel et al. 1993).

4.5  Handball and Soccer

4.5.1  Standard Radiography
A radiographic study of handball goalkeepers 
found several minor abnormalities in the elbow 
with conventional radiography (Fig. 16). Of the 
investigated symptomatic elbows 21% showed 
either radiologic signs of medial instability with 
manual valgus force, arthritic changes, loose 
bodies, or a spur at the insertion of the MCL. All 
these changes were however not statistically 
significant when compared to the uninjured 
elbows of the same players (Tyrdal and 
Finnanger 1999).

A different study described osteophyte forma-
tion in 67% of radiographs and were usually 
located at the olecranon process. The same study 
also found that stress radiography usually reveals 
laxity of the medial elbow structures (as in base-
ball players) demonstrated as increase in ulno- 
humeral distance if valgus stress is applied to the 
elbow. This study did find a statistically 
 significant increase in ulno-humeral distance 
when comparing with a healthy control group 
from the general population (Popovic and 
Lemaire 2002; Popovic et al. 2001).

Also reported in handball and baseball players 
is a generalized bony hypertrophy of the humerus 
of the dominant arm. This is manifested by an 
increased humeral diameter and cortical hyper-
trophy of the humeral shaft, regardless of any 

Fig. 14 A 38-year-old avid tennis player with chronic lat-
eral elbow pain. Longitudinal US images on which the 
common extensor tendon is shown (white arrow). There is 
small calcification (arrowhead upper image), distortion of 
the normal fibrillar architecture of the tendon with 
hypoechoic areas, and intratendinous increased signal on 
power Doppler (lower image)
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complaints (Popovic et  al. 2001; Gore et  al. 
1980).

4.5.2  Ultrasound
US can be useful in the detection (but not exclu-
sion) of loose bodies in the elbow joint (Popovic 
and Lemaire 2002; Popovic et al. 2001; Ferrara 
and Marcelis 1997). This is especially true if 
there is an associated joint effusion which is often 
present due to secondary synovitis. Calcified 
loose intra-articular bodies present as focal echo-
genic structures separate from cortical bone, the 
larger one’s with posterior shadowing. Loose 
bodies as small as 1 mm can be detected espe-

cially in the presence of joint effusion (Marcelis 
et al. 1996). The most common locations include 
the olecranon fossa and the coronoid fossa 
(O’Driscoll 1992).

Physiologic and pathologic thickening of the 
various tendons surrounding the elbow joint is 
described in handball goalkeepers (Popovic et al. 
2001).

4.5.3  MRI
MRI can be used to detect intra-articular loose 
bodies especially when there is an associated 
effusion (Quinn et al. 1994). This is also demon-
strated in a study performed on baseball pitchers 

a

b c

d

Fig. 15 (a–d) A 40-year-old recreational tennis player 
with chronic lateral elbow pain. (a) Longitudinal US 
image shows thickening and distortion of the common 
extensor tendon with a small tear (white arrow). MRI 
images after 6 months conservative treatment but ongoing 

pain. (b) coronal STIR, (c) Coronal PD, and (d) axial PD 
FS demonstrate persistent epicondylitis with an abnormal 
common extensor insertion with subtotal tear of the cen-
tral and deep fibers (white arrows)
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who underwent surgery for posteromedial elbow 
impingement. In three patients loose bodies 
were found during surgery which were all iden-
tified during a prior MRI study (Cohen et  al. 
2011). The signal intensity is variable depending 
upon the amount of calcification and bone mar-
row if ossification is present. Particularly 
T2-weighted and gradient echo sequences are 
useful to detect loose bodies; the latter sequence 
can also be particularly helpful to evaluate a 
potential donor site, e.g., chondral defects. In the 
absence of an effusion the accuracy of MRI is 
far less with a sensitivity of 50% and a specific-
ity of 60% (Miller 1999). In these cases injec-
tion of saline or gadolinium into the joint 
improves accuracy but one has to be careful not 
to inject air bubbles into the joint for these can 
easily be mistaken for loose bodies. Osteophytes 
and synovial proliferations can be mistaken for 
loose bodies.

4.5.4  CT
In the authors’ opinion CT of the elbow is supe-
rior to MRI and US in the detection of calcified 
loose bodies but also for the detection of osteo-
phytes. Our high-resolution CT (HRCT) proto-
col includes axial plane imaging with 0.5 or 
0.6  mm slice thickness with two-dimensional 
Multi Planar Reformatting in the coronal and 

sagittal plane. The position of the elbow is rela-
tively unimportant and can range from fully 
supine to fully prone. Even in the absence of 
fluid, the small calcifications can be detected in 
any part of the joint (Fig.  17). The cartilage 
layer itself cannot be evaluated without intra-
articular iodine contrast, but for the detection of 
osteochondral lesions CT probably has an accu-
racy as high as MRI, as is demonstrated in the 
ankle joint (Verhagen et  al. 2005). A potential 
pitfall is the pseudodefect of the capitellum (see 
Sect. 4.6.3).

4.6  Gymnastics

4.6.1  Standard Radiography
Osteochondral lesions in the elbow are for the 
most part located at the capitellum most often 

Fig. 17 Same patient as in Fig. 16. MDCT MRP recon-
structions in the axial and coronal plane demonstrating 
multiple small intra-articular loose bodies (arrows) in the 
right elbow joint which are not appreciated on plain films

Fig. 16 Professional 28-year-old soccer goalkeeper with 
recurrent right elbow pain. Lateral radiograph of the right 
elbow. A small ossicle is seen in the fossa olecrani (arrow) 
which can represent an accessory ossicle or intra-articular 
loose body. No other loose bodies are identified
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anterior to central. The second most frequent 
location is the radial head. Several studies have 
shown that standard radiography has a sensitivity 
for diagnosing OCD of around 45%. This is sig-
nificantly lower than CT scan and MRI. This is 
partly because of the location of the osteochon-
dral lesions. Therefore, it has been recommended 
to perform not only a standard anteroposterior 
and lateral radiograph, but an anteroposterior 
radiograph with the elbow flexed 45° as well 
(Takahara et  al. 2008) although this is not rou-
tinely performed. Usually a radiolucent area is 
seen surrounded by more or less sclerosis 
depending upon the age of the lesion (Figs. 18 
and 19a, b). Subtle irregularities of the subchon-
dral bone lamella may precede flattening of the 
contour of the involved bone. A “displaced fat 
pad” sign results from joint effusion; loose bod-
ies may be identified (Takahara et  al. 2000). A 
distinction has to be made between osteochon-
dral lesions (osteochondritis dissecans—OD) 
and Panner’s disease, which is not always easy. 
The latter is considered to be an osteochondrosis 
of the capitellum. It is most common in young 
prepubescent males. On radiographs the entire 
capitellum can be involved with sclerosis, irregu-
larities, and lucencies. It is, however, a benign 
self-limiting disorder in which the capitellum 
will regain a normal appearance.

4.6.2  Ultrasound
In recent years several studies have been per-
formed to evaluate the use of ultrasound to exam-
ine possible osteochondral lesions in the elbow. 
Most of these studies have been performed in 
young baseball players and their results have 
been described in Sect. 4.2.2.

4.6.3  MRI
A recently performed MRI study found OCD of 
the capitellum in 7 out of 30 young high- 
performing gymnasts (Dexel et al. 2014). Grading 
these osteochondral lesions is important for 
choosing the optimal treatment. The grading of 
osteochondral lesions was primarily done during 
arthroscopy and was originally described in the 
knee by Outerbridge in 1961. In 2003, the 
International Cartilage Repair Society (ICRS) 

suggested a classification system where stable 
lesions with a continuous but softened area cov-
ered by intact cartilage were classified as class I 
lesions. Stable lesions with a partial discontinuity 
were classified as class II, lesions with complete 
discontinuity that have not been dislocated were 
classified as class III, and dislocated or loose 

Fig. 18 A 15-year-old gymnast with right elbow pain. AP 
and lateral radiographs of the right elbow. On the lateral 
view the lucency in the capitellum (black arrowheads) is 
compatible with an osteochondral defect. The lesion is 
much more difficult to appreciate on the AP view; it is 
discriminated because of the surrounding faint sclerosis 
(black arrows)
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Fig. 19 (a–e) A 9-year-old professional gymnast with 
chronic lateral elbow pain. (a and b) The conventional 
radiographs demonstrate only minimal distortion of the 
trabecular architecture of the capitellum with minimal 
sclerosis; (c) the sagittal and coronal PD FS images show 
extensive osteochondral pathology of the capitellum with 
bone marrow edema (thick arrow and circle), cartilage 
defect, and partial detached cartilage flap (thin arrow). In 

addition, there is a small amount of bone marrow edema 
in the anterior radial head (arrowhead); (d) a slightly more 
medial image shows an intra-articular loose body in the 
olecranon fossa (arrow). (e) The coronal and sagittal MPR 
CT images show the irregularity of the capitellum and the 
small osteochondral defect of the radial head. The loose 
body was not seen on CT

a b

c
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fragments as well as empty defects were classi-
fied as class IV. In the same article they recom-
mended an MRI protocol to evaluate the articular 
cartilage. This protocol consisted of Proton- 
density- weighted FSE with and without fat satu-
ration, T2-weighted FSE with or without fat 
suppression, T1-weighted gradient echo with 
chemical fat suppression, and T1-weighted gradi-
ent echo with water excitation (Brittberg and 
Winalski 2003). Since this publication several 
studies have been performed to optimize the 
assessment of OD lesions.

A study performed by Satake et  al. (2013) 
found a specificity higher than 80% to detect an 
unstable lesion with articular irregularities and 
defects, a T2 high intensity interface and a high 
signal intensity line through the articular carti-
lage (Satake et al. 2013). Kohyama et al. (2018) 
suggested a slightly different classification which 
focused on the outline of the capitellum and the 
articular cartilage. They classified their lesions 
as: stage 1, normal (circular)-shaped capitellum 
with no change in the intensity of the articular 
cartilage, corresponding to ICRS class I. Stage 2, 
normal (circular)-shaped capitellum with a 
change in the intensity of the articular cartilage, 
corresponding to ICRS class II. Stage 3, irregular- 
shaped capitellum with an observable discontinu-
ity or displacement of the articular cartilage as 

well as the subchondral bone, corresponding to 
ICRS class III, and stage 4, a completely dislo-
cated OCD lesion with an articular cartilage 
defect, corresponding to ICRS class IV (Figs. 19 
and 20). The MRI protocol used consisted of sag-
ittal PDW images with 1.5 mm thick slices with a 
0.3 mm gap between slices, and T2-weighted and 
T2-weighted Fast Spin images 1.5  mm thick 
slices with a 0.3 mm gap between slices. When 
comparing their classification with intraoperative 
evaluation, the researchers found a sensitivity of 
98.4% and specificity of 84.2%, with a PPV and 
NPV of 95.3% and 94.1% to detect unstable 
lesions (Kohyama et al. 2018).

A pitfall in diagnosing OD lesions is the so- 
called “pseudodefect” of the capitellum. This is 
found at the junction of the inferior capitellum 
with the posterior nonarticular surface of the lat-
eral epicondyle (Rosenberg et al. 1994) (Fig. 21).

4.6.4  CT
Imaging of osteochondral lesions in the elbow is 
most often performed with MRI. Very few stud-
ies have been performed to compare CT and MRI 
in the detection of OD in the capitellum. While 
MRI provides better visualization of the cartilage 
compared to CT, it has been suggested CT scans 
might provide better visualization of loose bodies 
(van den Ende et al. 2011). A recent study by van 

d e

Fig. 19 (continued)
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Fig. 20 (a and b) A 16-year-old professional gymnast 
with elbow pain. (a) On sagittal PD FS and PD images 
focal bone marrow edema is seen on MRI (asterisk) in the 
capitellum with extensive signal changes in the cartilage 
(white arrows) which appears to be detached over a large 

area. (b) Sagittal and coronal MRP CT images demon-
strate the fragmentation of the subchondral bone which is 
somewhat less appreciated on the MRI.  There are no 
intra-articular loose bodies

a
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b

Fig. 20 (continued)

den Ende et al. (2019) in 25 elbows even found 
CT to be superior to MRI to identify and localize 
OD lesions (van den Ende et al. 2019).

Osteochondral lesions will present as (subtle) 
subchondral bone lamellar irregularities, sub-

chondral cystic changes, subchondral density 
changes, and/or defects at the subchondral 
lamella (Fig. 22). The joint space width will usu-
ally be normal. The cartilage itself cannot be 
assessed without intra-articular contrast.
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a

b

Fig. 22 A 16-year-old female gymnast with an osteo-
chondral (OC) lesion of the radial head. (a) Sagittal CT 
and (b) coronal gradient-echo T2* WI MR image of the 
elbow. The OC lesion with the cortical defect (black 
arrow) (a), white arrow (b) and the small loose fragments 
are better appreciated on the CT than on the MR

Fig. 21 Sagittal PD image of the elbow demonstrating 
the area of a pseudodefect (arrow). These can be quite 
prominent and in this case with some cystic lesions but 
should not be mistaken for osteochondral lesions
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5  Conclusions

Elbow injuries in athletes are relatively uncom-
mon compared to shoulder injuries and lower 
extremity injuries, especially acute injuries. 
There is however a specific group of athletes in 
which it is not uncommon but it depends upon the 
sports involved. Most injuries are contributed to 
overuse. Throwing, using the arm as a lever or as 
a weight-bearing joint and stopping goal fired 
shots are the mechanisms in which injuries most 
often occur. Ulnar collateral ligament injuries, 
lateral and medial epicondylitis, medial epicon-
dylar apophysitis, osteochondral lesions, and 
intra-articular loose bodies are the most common 
encountered injuries. Standard radiography 
should be the initial imaging modality but in gen-
eral MRI is the most useful imaging modality to 
use. In certain selected cases however US and CT 
can replace MRI or add valuable information.

Things to Remember
 1. AP and lateral radiographs of the elbow are 

usually sufficient to evaluate the osseous 
structures of the elbow. In selected cases 
(Valgus Extension Overload) a reversed axial 
projection can be helpful.

 2. Ultrasound has a very high sensitivity and 
specificity to diagnose lateral and medial epi-
condylitis and usually confirms the diagnosis.

 3. In medial epicondylitis and ulnar collateral 
ligament injuries particular attention has to be 
paid to the ulnar nerve which is often compro-
mised in these conditions.

 4. Ulnar collateral ligament injuries are best 
assessed using MRI. There is no evidence to 
support that MR arthrography is superior to 
non-enhanced MRI.

 5. CT has a better sensitivity compared to MRI 
for intra-articular loose bodies especially in 
the absence of joint effusion.

 6. CT and MRI are comparable for demonstrat-
ing osteochondral lesions.

Imaging Boxes

Standard Radiography
• Initial survey, especially in acute 

injuries.
• Evaluation of osseous structures, avul-

sion injuries and calcifications.
• Cheap and fast.
• AP and lateral views will usually 

suffice.
• Reversed axial projection and stress 

views can be helpful.

Ultrasound
• Evaluation of soft tissues.
• Higher sensitivity for avulsions and cal-

cifications compared to MRI.
• Very high spatial resolution compared 

to MRI.
• Easily available and cheap.
• Detection of loose intra-articular bodies 

best with joint effusion.

MRI
• Evaluation of soft tissues and osseous 

structures.
• Superior contrast resolution compared 

to US.
• Low sensitivity for small avulsions and 

calcifications.
• Difficult especially in painful lesions.
• Low sensitivity for intra-articular loose 

bodies in the absence of joint effusion.

CT
• Evaluation of predominantly osseous 

structures.
• High sensitivity for avulsions, calcifica-

tions, and intra-articular loose bodies.
• Available and short examination time.
• Radiation.
• Often complementary to MRI.
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Abstract
Wrist injuries are commonly encountered in 
both the amateur and professional sports com-
munities. They can occur through a single 
traumatic event or from repetitive episodes 
leading to overuse injuries. As the wrist is a 
complex structure encompassing many bones, 
joints, and ligaments, early recognition and 
diagnosis of these injuries play a vital role in 
directing treatment and preserving wrist func-
tion. A sound understanding of the anatomy 
and biomechanics of the wrist is required for 
this. Specific injury patterns are also associ-
ated with specific sports activities and knowl-
edge of this will enable the diagnostician to 
arrive at an accurate diagnosis. This chapter 
aims to review the patterns of injuries encoun-
tered in the wrist among the more popular and 
emerging sports, along with the biomechanics 
and pathophysiology of these injuries that 
help to explain the imaging findings.

1  Introduction

The benefits of sports are well recognized but 
many sports-related activities carry a specific 
injury risk. Injuries to the wrist and hand occur 
with a frequency of between 3 and 9% (Geissler 
2001). This injury incidence will obviously be 
higher in those sports utilizing the hand and 
wrist, and where the potential for trauma during 
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sporting activity is present. Trauma to the wrist 
may cause bone or soft-tissue injury, which may 
sometimes be difficult to diagnose. Symptoms 
vary, according to the structure involved or nature 
of injury, but pain and limited joint function are 
the usual complaints. Physical examination may 
be difficult due to the proximity of many small 
bony and soft-tissue structures, as well as small 
articulations.

The wide spectrum of sporting activities places 
demands of different magnitudes, orientations, 
and degrees of repetitions on the wrist. These 
injuries may result from a single debilitating epi-
sode or repetitive traumatic episodes. Proper 
diagnosis of injuries in this region therefore 
requires a basic knowledge of the anatomy and 
biomechanics of the wrist (Halikis and Taleisnik 
1996). Many sporting activities are associated 
with a specific injury pattern related to the actions 
and stresses associated with that particular activ-
ity. Knowledge of the sport or recreational activ-
ity therefore aids in the diagnosis of these injuries. 
Early diagnosis of the injury and proper referral 
of these patients can help prevent complications, 
including prolonged pain and discomfort, surgery, 
and lost time from sports participation. Failure to 
diagnose sports injuries may lead to permanent 
disability (Pulos and Kakar 2018).

It is important for athletes to be educated 
about how to recognize wrist injuries promptly. 
Seeking early medical attention for wrist injuries 
should be emphasized to athletes. Specific care to 
wrist-supporting ligaments and muscles is neces-
sary to prevent overuse injuries during the recov-
ery period and return of function. For 
preadolescent and adolescent athletes, injury to a 
growing wrist requires a more gradual return to 
full sporting activity than a nongrowing wrist. 
Wrist injuries may potentially be prevented by 
implementing proper technique, maintaining 
good strength and flexibility, and, if the particular 
sports permit, using wrist guards. The use of 
wrist guards may help protect from fractures and 
skin scrapes if one falls or slides in sports such as 
rollerblading or hockey. Proper stretching is 
especially useful for sports that involve a lot of 
upper extremity bodywork, such as racquet 
sports.

2  Sports Injuries in Children

Hand and wrist injuries are more common in pre-
adolescent and adolescent athletes than in adults 
(Geissler 2001). It is particularly important to rec-
ognize wrist injuries that occur in the immature 
skeleton, particularly those that involve the epiph-
yseal growth plates like Salter-Harris fractures 
(Fig.  1). Continued sports participation in these 
affected children may result in growth arrest and 
other long-term problems. Injured children should 
therefore abstain from the sport until the symp-
toms disappear and the wrist has healed com-
pletely (Morgan and Slowman 2001). Worldwide, 
an increasing number of children are involved in 
competitive and organized sports. The frequency 
and severity of both acute and overuse injuries are 
continuing to rise (Flynn et al. 2002).

Sprains (34%), contusions (30%), and frac-
tures (25%) are the most common injury types 
(Damore et  al. 2003). The six most common 
sports causing injuries in children are basketball 
(19.5%), football (17.1%), baseball/softball 
(14.9%), soccer (14.2%), rollerblading/skating 
(5.7%), and hockey (4.6%). Sprains/strains 
(32.0%), fractures (29.4%), contusions/abrasions 
(19.3%), and lacerations (9.7%) account for 90% 
of injury types. The most common injury loca-
tion is the wrist/hand (28%). Contact with another 
person or object is the mechanism for more than 
50% of the sports-related injuries (Taylor and 
Attia 2000).

Most ball-related injuries occur during soccer 
and rugby (86%), while the majority of fractures 
occurring during wheel sports are in cycling 
(63%). The radius/ulna is the most frequent frac-
ture location (36%) (Lyons et al. 1999). Hassan 
and Dorani (2001) found that soccer, rollerblad-
ing, cycling, and netball injuries are the most fre-
quent causes of the fractures. Soccer and 
rollerblading are the commonest causes of frac-
tures among boys, while rollerblading and netball 
injuries are most frequent causes among girls. 
Brudvik and Hove (2003) found that scaphoid 
fracture, an infrequent fracture in children, is 
seen in 9% of all fractures due to rollerblading/
skating, with a doubled risk of fracture in boys 
aged 13–15 years, compared with girls.
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3  Anatomy

The wrist is a complex joint that is comprised of 
bones and soft-tissue structures. The bones con-
sist of the distal radius and ulna, eight carpal 
bones, and proximal metacarpal bones. The eight 
carpal bones are arranged in two rows to form a 
compact unit. The proximal carpal row is formed 
by the scaphoid, lunate, triquetrum, and pisiform, 
and articulates with the distal end of the radius 
and the triangular fibrocartilaginous complex 
(TFCC). The distal carpal row is formed by the 
trapezium, trapezoid, capitate, and hamate, and 
articulates with the proximal surfaces of the 
metacarpal bones. The ulna does not articulate 
directly with the carpus. The wrist is composed 
of a series of articulations that are separated into 
several major joint compartments, including the 
radiocarpal, distal radioulnar, pisiform-triquetral, 
midcarpal, first carpometacarpal, and intermeta-
carpal joints.

The carpal bones are held together by a com-
plex set of ligaments, including the intrinsic (or 
interosseous) and extrinsic ligaments. These 
strong ligamentous attachments help stabilize the 
wrist. The dorsal ligaments are weaker than the 
volar ligaments, resulting in dorsal dislocation 
being more common. Intrinsic (or interosseous) 
ligaments connect pairs of carpal bones. In the 
proximal carpal row, the intrinsic scapholunate 
and lunotriquetral ligaments join the proximal, 
dorsal, and volar margins of these carpal bones, 
and separate the radiocarpal from the midcarpal 
compartments. The extrinsic ligaments are 
formed by thickenings of the inner surface of the 
joint capsule, and are located dorsally and volarly. 
The main dorsal extrinsic ligaments are the dor-
sal intercarpal, dorsal radiotriquetral, and dorsal 
radioulnar ligaments. The main volar extrinsic 
ligaments are the volar radioscaphocapitate, volar 
radiotriquetral, volar ulnolunate, volar ulnotriqu-
etral, and volar radioulnar (Bateni et al. 2013).

a b

Fig. 1 (a and b) Male recreational skateboarder who fell 
during a maneuver. (a) PA radiograph shows stress 
changes of the distal radius, with mild sclerosis adjacent 
to the slight irregularly marginated growth plates. (b) 
Coronal fat-suppressed proton density MR image shows a 

subacute Salter-Harris type 1 fracture of the distal radius 
with surrounding marrow edema. Note also injuries to the 
TFCC ulnar styloid attachment accompanied with bone 
bruising of the ulnar styloid process and a small DRUJ 
effusion

Imaging of Wrist Injuries
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The TFCC is an important stabilizer of the 
wrist. Its main component is the triangular fibro-
cartilage (TFC) articular disc, which separates 
the radiocarpal compartment from the distal 
radioulnar joint (DRUJ). The TFC disc is 
anchored to the articular cartilage at the sigmoid 
notch and lunate facet of the distal radius, and 
attaches to the ulnar styloid and fovea of the ulnar 

head (Fig.  2). The central and radial aspects of 
the TFC disc are avascular, while the peripheral 
and ulnar aspects have a blood supply. The latter 
regions hence have the potential to heal, either 
spontaneously or after surgical repair, following 
injury (Saito et  al. 2017). Other components of 
the TFCC are the dorsal and volar radioulnar lig-
aments, the meniscal homologue (a fibrostyloid 
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Fig. 2 (a) Coronal and (b) axial diagrams show the anatomy of the TFCC complex
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fold that extends into the prestyloid recess), ulnar 
collateral ligament, ulnolunate/ulnotriquetral lig-
aments, subsynovial sheath of the extensor carpi 
ulnaris tendon sheath, and volar ulnotriquetral 
and ulnolunate ligaments.

The DRUJ consists of an articular surface that 
covers two-thirds of the circumference of the dis-
tal ulna, which in turn articulates with the sig-
moid notch of the distal radius. This joint 
configuration allows supination and pronation of 
the forearm. The DRUJ is stabilized intrinsically 
by the TFCC and extrinsically by the interosse-
ous membrane, extensor carpi radialis, flexor 

carpi ulnaris, and pronator quadratus. The fovea 
attachment of the TFCC stabilizes the DRUJ, 
with avulsion injuries often leading to DRUJ 
instability (Saito et al. 2017).

The muscles of the hand originate primarily in 
the forearm and pass over the wrist. The flexor 
carpi ulnaris, which inserts into the pisiform 
bone, is the only muscle that inserts into one of 
the wrist bones. The dorsal aspect of the wrist 
consists of six compartments, each containing 
one or more extensor tendons within a synovial 
sheath (Fig.  3a). The two compartments in the 
volar aspect of the wrist are the carpal tunnel and 
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Guyon’s canal. The carpal tunnel is bounded 
superficially by the transverse carpal ligament 
(also known as the flexor retinaculum), and con-
tains nine flexor tendons and median nerve 
(Fig.  3b). The median nerve lies between the 
flexor carpi radialis and palmaris longus tendons 
within the carpal tunnel. Guyon’s canal lies 
superficial and radial to the hook of hamate, and 
contains the ulnar nerve and artery. The ulnar 
nerve runs deep to the flexor carpi ulnaris tendon 
in Guyon’s canal. Blood supply is via the radial 
and ulnar arteries which form the dorsal palmar 
arch. The scaphoid bone receives its blood supply 
from the distal part of this arch.

4  Biomechanics of Sports 
Injuries

4.1  Overview

The wrist is a complex joint that biomechanically 
transmits forces generated at the hand through to 
the forearm. The carpal bones serve as a link 
between the hands and the upper body, with 
much of the motion at the wrist joint occurring 
between the radius and carpal bones. Its size, 
position, and relation to the radius and surround-
ing carpal bones make the wrist joint vulnerable 
to injury. A great deal of force is transmitted 
through these structures for certain types of 
sports. The radial side of the wrist carries 80% of 
the axial load, and the ulnar side the remaining 
20%. Wrist injuries can be divided into four cat-
egories, namely traumatic, overuse, neurovascu-
lar, and weight-bearing injuries (Howse 1994).

Traumatic injuries are the most common. 
They are due to either a fall onto the hand, a 
direct blow to the wrist, or a combination of a 
rotatory and torsional force (Howse 1994). These 
acute wrist injuries are often caused by accident 
and are hard to prevent (Fig. 4). Fractures, dislo-
cations, strains (injury to muscle near the muscu-
lotendinous junction due to forceful contraction 
of the muscle), contusions, hematomas, and 
sprains (ligamentous injuries) are types of these 
injuries. Examples of common acute traumatic 
injuries are distal radius fracture (often intra- 

articular in athletes), scaphoid fracture, wrist 
joint sprain, and intercarpal ligament sprain or 
tear. Less common injuries include fracture of the 
hook of hamate, TFCC tear, DRUJ instability, 
and scapholunate dissociation. Important acute 
injuries that should not be missed are lunate dis-
location, perilunate dislocation, any type of car-
pal dislocation, and traumatic arterial 
thrombosis.

Overuse injuries are common in sports involv-
ing the hand and wrist, such as racquet sports, 
netball, and volleyball (Howse 1994). In this 
form of injury, pain usually develops gradually. 
They are the result of repetitive application of 
submaximal stresses to otherwise normal tissues. 
This causes sufficient structural disruption to 
overcome the tissue’s adaptive ability, and thus 
produces injuries without necessarily causing 
complete loss of function (Fig. 5). The common 
pathway is most likely to be microdamage to tis-
sue collagen, combined with a direct or indirect 

Fig. 4 Male adolescent gymnast who fell from the gym-
nastic apparatus. PA radiograph shows a transverse frac-
ture of the distal ulnar shaft. Note stress changes of the 
distal radius and, to a lesser extent, of the distal ulna, adja-
cent to the growth plates

T. Y. Chin et al.



291

effect on the microvasculature, with subsequent 
oxygen deprivation (Aicale et  al. 2018). Stress 
fractures, periostitis, tendinitis, and growth plate 
injuries in children are examples of overuse inju-
ries. Common overuse injuries of the tendon 
include de Quervain’s syndrome, extensor and 
flexor carpi ulnaris tendinopathy, and intersection 
syndrome (Cockenpot et al. 2016). Other overuse 
injuries in athletes include Kienbock’s syndrome, 
pisotriquetral syndrome, ligamentous injuries 
such as scapholunate, lunotriquetral and midcar-
pal instability injuries, and injuries to the DRUJ 
and TFCC (Rettig 1998).

Nerve injuries in athletes are more commonly 
compressive neuropathies. Carpal tunnel syn-
drome which occurs from median nerve com-

pression in the carpal tunnel can develop from 
repeated flexion activities in athletes, e.g., bowl-
ers. Wheelchair athletes and cyclists on the other 
hand are more prone to Guyon’s canal syndrome, 
whereby the ulnar nerve is compressed from pro-
longed hyperextension while gripping the han-
dlebars (Cockenpot et al. 2016). Isolated vascular 
injuries are uncommon in the wrist but can occur 
in association with other injuries like fractures 
and dislocations.

Sports-specific biomechanical injury depends 
on the unique characteristics that place a particu-
lar structure at risk for injury during a sporting 
activity. In carpal bone injury for example, a fall 
on outstretched hand during rollerblading or 
skating or a hand plant during a gymnastics move 

a c

b

Fig. 5 (a–c) Rock climber with painful MCP joint and 
triggering. (a and b) Longitudinal US images show 
marked thickening of the A1 pulley at the level of the third 

MCP joint with increased vascularity. (c) There is subse-
quent flexor tenosynovitis with thickening of the flexor 
tendon sheath and circumferential neovascularity

Imaging of Wrist Injuries
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may directly result in a fracture. The chronic use 
and movements in racquet sports, golf, and base-
ball require the carpus to resist torque stress. 
Depending on the strength of the weakest link, 
the hyperpronation-supination activity in the 
modern golf swing can result in either an acute or 
a chronic injury.

4.2  Fractures

Wrist fractures are common in sports, usually 
occurring during a fall on the outstretched hand. 
Depending on the patient’s age, bone density, and 
reaction time, this type of fall can result in differ-
ent injuries, such as fractured scaphoid, scaphol-
unate dislocation, or distal radius fracture. 
Fractures may also be caused by direct trauma, 
e.g., impact with a helmet during American foot-
ball. The angle at which the wrist hits the ground 
may also determine the type of injury. The more 
dorsiflexed the wrist is, the more likely the scaph-
oid bone will break. With less wrist dorsiflexion, 
it is more likely that the radius will break.

4.2.1  Radial Fractures
Fractures to the distal end of radius are typically 
caused by a fall on the pronated dorsiflexed hand. 
On striking a hard surface, the hand becomes 
fixed while the momentum of the body produces 
two forces, namely a twisting force causing 
excessive supination of the forearm, and a com-
pression force which acts vertically through the 
carpus to the radius. The type of fracture is also 
dependent on whether the hand is in radial or 
ulnar flexion at the moment of impact (Masciocchi 
et al. 2001). Distal radial fractures are often asso-
ciated with ulnar fractures. Distal radial fractures 
may be extra- or intra-articular, and displaced or 
undisplaced (Fig. 6).

4.2.2  Scaphoid Fractures
Stress fractures of the scaphoid have been 
reported to be due to repetitive loading of the 
wrist in dorsiflexion, occurring to sportsmen such 
as gymnasts and shot-putters (Yamagiwa et  al. 

2009). On magnetic resonance (MR) imaging, 
the presence of bone marrow edema may mask 
an underlying fracture line; in such cases, 
T1-weighted sequences reveal the occult frac-
tures better (Fig. 7).

4.2.3  Hamate Fractures
Hamate fractures are relatively common in ath-
letes. They may be either isolated or associated 
with more widespread injury such as carpometa-
carpal dislocation or pisiform fracture. These 
fractures are most commonly classified into hook 
or body of hamate fractures. Isolated fracture to 
the body of the hamate is less common. It is due 
to a direct force such as a punch-press injury, fall-
ing on a hyperdorsiflexed and ulnar-deviated 
wrist, or posterior dislocation or subluxation of 
the fourth and/or fifth metacarpal.

A fractured hook of hamate is less common 
compared to the scaphoid fracture. It is often not 
diagnosed because it is not apparent on standard 
radiographic views. This is commonly an iso-
lated injury and is the most common type of 
hamate fracture. It is encountered in racquet 
sports, golf, and baseball where the palm con-
tacts the implement directly during the swing- 
through. The dominant hand is involved in tennis 
players, and the nondominant hand in baseball, 
hockey, and golf (Rettig 2003). Another mecha-
nism is via the avulsion of the flexor retinaculum 
which can occur during a fall on an outstretched 
hand or during power grips, e.g., weight lifting 
(Cockenpot et al. 2016).

4.2.4  Lunate Fracture
The lunate, being the fulcrum of the proximal 
carpal row, is frequently exposed to traumatic 
forces to the wrist. Kienbock’s syndrome or 
osteonecrosis of the lunate is thought to be due to 
repetitive microtrauma and is associated with 
negative ulnar variance. Lunate fractures are 
uncommon. When occurring through the body, 
they are caused by compressive action between 
the radius and capitate. When occurring through 
one of the horns, they are due to ligamentous 
avulsion (Masciocchi et al. 2001).
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4.3  Wrist Instability

Injuries to the ligaments can alter the wrist kine-
matics, leading to instability and early post- 
traumatic degenerative arthritis. These injuries 
are usually the result of a single traumatic event. 
Physical findings are often equivocal. Imaging is 
important as diagnosis of a significant ligamen-
tous injury will dictate treatment. Partial liga-
mentous injury is treated by cast immobilization, 

while complete disruptions may require early 
surgery to prevent long-term degenerative arthri-
tis (Schlegel et al. 1999).

Wrist instability most commonly results from 
ligamentous disruption between bones of the 
proximal carpal row. Scapholunate (SL) and 
lunotriquetral (LT) dissociations are forms of this 
instability pattern, with SL instability being the 
most common. Patients with these injuries have a 
high degree of pain, even though the initial 

a

b c d

Fig. 6 (a–d) Displaced intra-articular fractures of the dis-
tal radius and ulnar styloid process. (a) 3D CT image 
shows immobilization of the fractures with a plaster cast. 
(b and c) CT image manipulation allowed virtual removal 

of the cast and rotation of images to better show the frac-
ture (courtesy of Professor Jan Gielen, University 
Hospital, Antwerp, Belgium)
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radiographs may appear normal. A gap exceeding 
3  mm in the scapholunate joint is considered 
abnormal and typically associated with scapholu-
nate ligament injury (Fig. 8). This should be sus-

pected in patients with wrist effusion and pain 
that is seemingly out of proportion to the injury 
(Gilula and Yin 1996). Untreated scapholunate 
instability can eventually lead to secondary 

a b

Fig. 7 (a and b) Soccer player who fell onto his out-
stretched hand and had persistent wrist pain. (a) PA angled 
scaphoid series radiograph shows a normal scaphoid. (b) 
Coronal T1-W MR image shows diffuse hypointensity of 

the scaphoid bone from underlying marrow edema along 
with a more distinct hypointense band in the distal pole to 
the waist of the scaphoid, corresponding to an occult 
fracture

a b

Fig. 8 (a and b) Female collegiate volleyball player with 
wrist injury sustained during a match. (a) Frontal radio-
graph with clenched fist shows scapholunate diastasis. 
Incidental negative ulnar variance is also present. (b) MR 

arthrographic coronal fat-suppressed proton density 
image shows a complete tear of all components of the 
scapholunate ligament, confirmed during surgical explo-
ration and subsequently repaired
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osteoarthritis of the radiocarpal and midcarpal 
joints, termed scapholunate advanced collapse 
(SLAC) wrist (Tischler et al. 2014).

Patients with LT injuries typically present 
with ulnar-sided wrist pain after high-energy 
impaction to the wrist (Fig.  9). LT stability is 
most dependent on the following structures: pal-
mar portion of the LT interosseous ligament, 
dorsal radiocarpal ligament, and dorsal intercar-
pal ligament. LT injuries without instability 
respond well to immobilization. Acute LT inju-
ries with instability and chronic LT injuries can 
be treated arthroscopically (Weiss et al. 2000). 
Carpal instability can also occur due to loss of 
the normal ligamentous restraints between the 
carpal row, for example, ulnar midcarpal insta-
bility. Treatment depends on the specific type 
and degree of carpal disruption and the presence 
or absence of degenerative changes (Cohen 
1998).

4.4  Post-traumatic Deformity 
Patterns

Post-traumatic deformity patterns cause the 
lunate to lose its linear relationship with the capi-
tate and to tilt dorsally or volarly, resulting in a 
collapse deformity. The most common collapse 

deformity is caused by the lunate dorsiflexing on 
the radius. This is compensated by the capitate 
flexing volarly, and is known as dorsiflexed inter-
calated segment instability pattern (DISI). DISI 
normally occurs in unrecognized scaphoid 
 subluxations or scaphoid fractures. Volar interca-
lated segment instability pattern (VISI) can be 
seen in healthy patients with lax ligaments but 
post- traumatically; it is due to the lunate flexing 
volarly on the radius as the capitate tilts dorsally 
(Linscheid et al. 1972; Lichtman and Alexander 
1997). VISI is a sign of midcarpal instability or 
lunotriquetral injury.

4.5  TFCC Injuries

TFCC injuries are quite common in athletes 
because of the high loads placed on the ulnar 
side of the wrist, especially in patients with 
ulnar- neutral and ulnar-positive variance. 
Lesions of the TFCC may be confined to the 
articular disc, or involve one or more compo-
nents of the TFCC. There may also be associated 
DRUJ instability. Injuries to the TFCC can occur 
during acute trauma or repetitive stress. Acute 
tears may be due to axial loading of the distal 
radius, such as a fall onto the outstretched hand, 
leading to proximal radial shift and tearing of 
the TFCC over the ulnar head. Sudden excessive 
pronation or supination may also cause TFCC 
disruption.

TFCC tears should be suspected in patients 
with ulnar-sided wrist pain and tenderness 
(Fig. 10). On physical examination, there may be 
localized tenderness over the TFCC, with pain on 
pronation and supination. With rotation of the 
forearm, a palpable or audible click may be pres-
ent. The Palmer classification of TFCC tears 
divides TFCC tears into traumatic (classes 1A–D) 
and degenerative (classes 2A–E) types (Palmer 
1989). Traumatic tears are usually linear and 
occur at the edges of the TFCC at either the soft 
tissue attachments or the attachment to the distal 
radius. Degenerative tears generally occur in 
ulnar impaction syndrome, in older people, and 
in the midportion of the TFC disc.

Fig. 9 Conventional arthrogram using a single radiocar-
pal injection shows a class 1A TFCC tear as well as a LT 
tear, with contrast leakage into the midcarpal 
compartment

Imaging of Wrist Injuries
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4.6  Tendon Injuries

De Quervain’s tenosynovitis (or De Quervain’s 
disease) is a common injury in racquet sport and 
in athletes who use a lot of wrist motion, espe-
cially repetitive rotating and gripping. Overuse of 
the hand in these sports may eventually result in 
irritation or swelling of the tendons found along 
the thumb side (first dorsal compartment) of the 
wrist, with resultant tenosynovitis. Releasing an 
object with a sudden twist-and-snap action will 
trigger tendinitis, e.g., in bowling, weight lifting, 
and rowing. Most closed tendon injuries, if seen 
acutely, can be treated successfully with nonop-
erative management. Those that are undiagnosed 
and untreated may result in permanent instability 
(Aronowitz and Leddy 1998). Extensor carpi 
ulnaris tendinosis is the second most common 
type of sports-related closed tendon injury. 

Extensor carpi ulnaris tendinosis is most com-
monly seen in basketball players and those 
 playing racquet sports. Inflammation of tendons 
is the most frequent abnormality found on US of 
the wrist. Tenosynovitis involves mainly the peri-
tendinous synovial sheath covering the tendons. 
Hypertrophic-exudative tenosynovitis is seen as 
thickening of the tendon sheath that is distended 
by a hypoechoic effusion (Fig. 11). Tendon rup-
ture and its severity can also be detected on US.

4.7  Neurovascular Injuries

Neurovascular syndromes in the wrist are uncom-
mon occurrences in athletes (Rettig 1990). Most 
sports-related peripheral neuropathies in the dis-
tal upper limb are compressive in nature. These 
result from overuse or overload superimposed on 
normal or variant anatomy. Nerve damage is 

a bFig. 10 (a and b) 
Recreational squash 
player with ulnar-sided 
wrist pain. (a) Coronal 
GRE MR and (b) T1-W 
FS MR direct MR 
arthrographic sequences 
show extensive complex 
tears of the ulnar styloid 
and fovea attachments of 
the TFCC. Note the 
contrast extravasation 
into the DRUJ

Fig. 11 Male basketball player with pain over the dorsal 
aspect of his wrist on extension. Longitudinal US image 
shows tendon sheath effusion with synovial thickening 

and increased vascularity of the extensor digitorum ten-
don consistent with tendinosis and tenosynovitis
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often caused by external pressure from handles of 
racquets, sticks, and bats, or by pressure from 
leaning on bicycle handlebars. Neurologic syn-
dromes are usually incomplete, and patients typi-
cally have subjective complaints of pain or vague 
sensory disturbances (Weinstein and Herring 
1992). Carpal tunnel syndrome is a neuropathy 
that is encountered in sports and is caused by 
median nerve compression in the carpal tunnel. 
Paralysis of the ulnar nerve at the wrist is seen 
among cyclists, usually as a result of poor bicycle 
setup, causing weakness of grip and numbness of 
the ulnar 1.5 digits (Lorei and Hershman 1993). 
Hypothenar hammer syndrome leads to ulnar 
arterial wall damage from blunt-repetitive or 
acute severe injuries and may be associated with 
aneurysm formation. This is more commonly 
associated with racquet/batting sports, martial 
arts, and break dancing (Blum et  al. 2006). 
Timely recognition, diagnosis, and appropriate 
treatment of neurovascular injuries are vital in 
order to avoid the potential risk of permanent 
injury (Nuber et al. 1998).

5  Specific Types of Sports 
Injuries

Many sporting activities produce a specific injury 
pattern related to the actions and stresses peculiar 
to that particular activity. Knowledge of the sport 
or recreational activity can therefore aid in the 
diagnosis and management of injury patterns. We 
have highlighted some popular and emerging 
sports, and attempted to group sports injuries of 
the wrist according to their common mechanisms 
of injury. Knowledge of the biomechanics behind 
a particular sporting activity is useful for under-
standing the pathophysiology of wrist injury and 
helps explain the findings seen at imaging 
(Jacobson et al. 2005).

5.1  Golf, Baseball, and Racquet 
Sports

Wrist injuries that are common to golf, baseball, 
and racquet sports include hook of hamate frac-
tures, ulnar neuropathies, and tendon injuries. All 

these sports entail gripping an implement such as 
a bat, club, or racquet to strike a ball. When a bat 
hits a ball, a racquet makes contact with a ball or 
hard surface, or a golf club catches the ground, 
the hypothenar eminence of the palm is force-
fully struck. This may result in a hook of hamate 
fracture (Fig. 12). In baseball and golf, the hamate 
fractures usually occur in the nondominant hand, 
while fractures to the dominant hand tend to 
occur in racquet sports such as tennis and squash.

Among golfers, the wrist is one of the most 
commonly injured anatomic locations and can 
affect average golfers as well as high-level pro-
fessionals. A study of 225 professional golfers 
showed a 34% incidence of wrist and hand inju-
ries involving the soft tissue, cartilage, bone, 
nerve, and vascular structures (McCarroll 1986). 
Hand and wrist injuries are more common among 
professionals, compared to amateurs, and are fre-
quent in both male and female professional golf-
ers (Batt 1992, 1993; McCarroll 1996; Gosheger 
et al. 2003; Wiesler and Lumsden 2005).

When they occur, wrist injuries can be devas-
tating for the avid golfer, as the hand and wrist 
are integral to this game. Most golf injuries are 
overuse injuries of the wrist flexor or extensor 
tendons. The golf swing phase involves both 
components of wrist extension/pronation and 
wrist flexion/supination which specifically pre-
disposes to extensor carpi ulnaris tendon instabil-
ity (Ek et  al. 2013). The left wrist in the 
right-handed golfer is the most common location. 
Excessive motion of the left wrist, along with a 
catapulting action, accounts for the vulnerability 
of the left wrist to injury. Hyperextension and 

Fig. 12 Carpal tunnel radiographic projection shows a 
transverse fracture of the hook of hamate
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radial deviation of the right wrist may cause an 
impingement syndrome. Injury may also be sus-
tained during the impact of the swing phase 
(Murray and Cooney 1996).

Professional and weekend golfers, although 
showing a similar overall anatomic distribution of 
injuries by body segment, tend to have differences 
in the ranking of injury occurrence by anatomic 
site. These differences can be explained by their 
playing habits and the biomechanical characteris-
tics of their golf swings (Theriault and Lachance 
1998). Golfing injuries are usually the result of 
overuse due to excessive practice, poor condition-
ing, excessive play, or poor swing mechanics that 
put the wrist at risk. Increased risk factors include 
previous injury, advancing age, and anatomic 
abnormalities. In addition to producing new inju-
ries, golf may also reignite old injuries and exac-
erbate preexisting degenerative disease (Batt 
1992, 1993; Wiesler and Lumsden 2005). TFCC 
injuries may also be seen in golfers. Increased 
motion of the wrist that occurs in golfers makes 
this structure prone to tearing.

Soft-tissue injuries in racquet sports include 
those due to direct impact of the handle, as well as 

repetitive stretching that occurs as the wrist is force-
fully whipped into extremes of position. Although 
all the tendons can be affected, tendinosis is most 
common in the first dorsal compartment, flexor 
carpi ulnaris, flexor carpi radialis, and extensor carpi 
ulnaris. Ligamentous tears can result in instability 
patterns which if untreated may become chronic. 
Neurovascular structures may be compromised by 
repetitive blunt trauma to these structures or by 
entrapment by surrounding structures (Osterman 
et  al. 1988). Thrombosis and vascular aneurysms 
may form, more often on the ulnar side in hypothe-
nar hammer syndrome (De Mooij et al. 2015).

Tennis is a popular racquet sport, with players 
frequently beginning playing in childhood and 
continuing into late adulthood. Most wrist inju-
ries in tennis are due to chronic overuse rather 
than acute direct trauma (Rettig 1994). The most 
common types of injury in tennis players of all 
ages are muscle sprains and ligament sprains sec-
ondary to overuse. These are a particular problem 
in the adolescent age group because these ath-
letes generally play at a lower level of physical 
conditioning (Fig.  13). Fortunately, injuries in 
younger players are usually not long-standing 

a b

Fig. 13 (a and b) Tennis player with ulnar-sided wrist 
pain from bone bruising. (a) Coronal PD FS image shows 
edema in the hamate. (b) Axial PD FS MR image shows 
further edema in the pisiform and triquetrum. These are 

likely related to pisotriquetral and pisohamate impaction 
(courtesy of Professor Jan Gielen, University Hospital, 
Antwerp, Belgium)
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and the chronic overuse problems seen in older 
players are less common in younger players 
(Bylak and Hutchinson 1998).

Young tennis players should aim at prevention 
of overuse injuries. Principles of a gradual, pro-
gressive increase in the intensity of tennis prac-
tice, the slow introduction of new court surfaces, 
and a staged progression in the teaching of tennis 
skills can help to reduce the incidence of injury in 
young tennis players (Bylak and Hutchinson 
1998; Fernandez-Fernandez et  al. 2013). The 
goal of early recognition and treatment of wrist 
injuries is to restore the wrist to a pain-free stable 
unit with a normal range of motion, so as to allow 
early return to athletic activity and prevent devel-
opment of chronic discomfort or permanent dis-
ability (Osterman et al. 1988; Rettig 1994).

Ulnar-side wrist pain can be disabling in 
sports such as golf and tennis due to limitation of 
pronation-supination. Erosion of the floor of the 
sixth dorsal space should be considered as a pos-
sible cause of unresponsive ulnar-side wrist pain 
and should be suspected when severe ulnar-sided 
pain persists in athletes after the usual methods of 
treatment (Carneiro et al. 2005).

5.2  Gymnastics

Gymnastics places high demands on the upper 
extremity and is unique in that it requires the ath-

lete to repetitively use the upper extremities as 
weight-bearing structures, such that high-impact 
loads are distributed through the elbow and wrist 
joints. The forces exerted on the wrist can 
approach as much as 16 times of the athlete’s 
body weight (Difiori et  al. 2006). Since most 
gymnasts begin training from an early age, it is 
common for injuries to occur in the physis of 
skeletally immature gymnasts (Wolf et al. 2017). 
In gymnasts, the wrist is a frequent site of symp-
toms and injury, both acute and chronic. A sys-
tematic review encompassing 12 studies has 
shown that the incidence and prevalence of 
 wrist- overuse injuries were highest in gymnasts, 
when compared with other wrist-loading sports 
(Kox et al. 2015). The gymnast may present with 
wrist pain secondary to repetitive hyperextension 
and overuse (Fig.  14). The gymnast wrist pain 
syndrome can present as a difficult diagnostic 
and therapeutic challenge. It is debilitating, 
resulting in a reduction in training and perfor-
mance, and may be due to a response to repetitive 
trauma during the period of growth and develop-
ment. Many variables contribute to the risk of 
gymnastic injuries. It is generally proportional to 
the competitive level of the athlete and the 
increased training and exposure time required, 
with a 25-fold increase in injury rates between 
the highest and lowest levels of competition in 
the United States Gymnastics Federation (Webb 
and Rettig 2008). There is also evidence that the 

Fig. 14 Overuse injury in a female recreational gymnast 
with left wrist pain. Transverse US image shows relative 
thickening of the common sheath of the extensor digito-

rum tendon in the left wrist, when compared to the right, 
from chronic tendinopathy
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specific type of gymnastic routine performed 
influences the incidence of injuries with nonartis-
tic Team Gymnastics having an incidence of 50.3 
per 1000-h exposure (Lund and Myklebust 2011) 
versus an incidence between 9.22 and 22.7 per 
1000-h exposure for collegiate artistic gymnas-
tics (Hart et al. 2018).

An extensive review of the literature of gym-
nastic injury in the pediatric population revealed 
that the incidence and severity of injuries are rela-
tively high, particularly among advanced- level 
female gymnasts. Overuse and nonspecific pain 
conditions of the wrist occurred frequently among 
these gymnasts. Factors associated with an 
increased injury risk among female gymnasts 
included greater body size and body fat, periods of 
rapid growth, and increased life stress (Caine and 
Nassar 2005). A cross-sectional survey of 52 non-
elite gymnasts (32 girls, 20 boys; average age 
11.8 years) showed that wrist pain was common, 
occurring in 73% of gymnasts. Gymnasts with 
wrist pain were older, trained more hours per week, 
trained at a higher skill level, and began training at 
an older age (Difiori et al. 1996) (Fig. 15).

A recent 10-year observational epidemiology 
study of male and female gymnastic teams in a 
Division 1 collegiate association revealed a more 
similar injury incidence between sexes, with 
reported injuries of 8.78 per 1000 male gymnasts 
and 9.37 per 1000 female gymnasts. Wrist and 
hand injuries were the most commonly injured 
anatomic part in males, whereas in females, this 
was ranked sixth, with foot and ankle injuries 
accounting for the majority (Westermann et  al. 
2015). The differences for this are likely 
accounted for the biomechanical demands 
imposed on the athletes from their differing rou-
tines and apparatus; in male athletes, the upper 
extremity is almost exclusively used for support 
in the high bar, rings, and parallel bars. The 
“missed move” is also cited as an injury mecha-
nism, with somersaults and handsprings account-
ing for the most frequent injury-producing moves 
(Fig.  16). There was an increased chance of 
injury when the gymnast had been on the appara-
tus for an extended period; hence loss of concen-
tration was regarded as a major source of injury 
(Lindner and Caine 1990).

Fig. 15 Elite gymnast with ulnar-sided wrist pain. PA 
radiograph shows a well-corticated bony fragment at the 
tip of the ulnar styloid process due to previous trauma. 
There is bony overgrowth, causing ulnar-sided mechani-
cal problems

Fig. 16 Male gymnast who missed his landing and devel-
oped soreness over the radial aspect of his wrist. 
Radiographs were normal (not shown). Coronal T2-W 
MR image shows diffuse hyperintense signal in the scaph-
oid but no fracture line is seen, consistent with a bone 
bruise
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To determine the frequency and characteris-
tics of wrist pain in young, non-elite gymnasts 
and to describe the effects of chronic wrist upon 
gymnastics training, a prospective cohort study 
of 47 non-elite female and male gymnasts 
between 5 and 16 years of age was performed. 
Wrist pain was reported by 57% (27/47) of sub-
jects at the study onset. 89% (24/27) reported 
wrist pain both at the study onset and 1 year later. 
The floor exercise, the pommel horse, and the 
balance beam were most frequently associated 
with wrist pain symptoms. 42% of subjects with 
wrist pain at each survey reported that the symp-
toms interfered with training. Adolescent gym-
nasts between 10 and 14 years of age training at 
non-elite level were found to be more likely to 
have wrist pain (Difiori et  al. 2002a). This age 
group has been reiterated and confirmed as one of 
the major predisposing risk factors for wrist pain 
in young gymnasts, with the other being high- 
intensity training and earlier onset of training 
(Kox et al. 2015).

Gymnast’s wrist results from repetitive and 
excessive loading on the joint, leading to prema-
ture closure of the growth plates and other growth 
disturbances. Repeated stresses affect the distal 
radial growth plate, causing undergrowth or even 
physeal arrest of the radius, with resultant posi-
tive ulnar variance which may become symptom-

atic (Fig.  17). Radiographs show physeal 
irregularities and bony sclerosis. If untreated, 
radial deformity and shortening may occur, lead-
ing to permanent deformity. De Smet et al. (1993) 
presented six new cases, all of whom had an 
ulnar-positive variance and an increased sagittal 
angle of the distal radial epiphysis. Five of the 
gymnasts elected to stop their sports careers, 
while one was successfully treated with an 
arthroscopic TFCC debridement. Epiphysiodesis 
of the distal radial and ulnar growth plates has 
been used to surgically treat a skeletally  immature 
gymnast in order to prevent Madelung’s defor-
mity (Bak and Boeckstyns 1997).

The radiographic appearances of chronic 
stress injury to the wrist joint consist of bilateral, 
asymmetrical widening and irregularity of the 
distal radial growth plates, with ill-defined cystic 
areas, sclerosis, and flaring of the metaphyses. 
Similar but less marked changes are seen in the 
distal ulnar growth plates (Fig. 18). The etiology 
is thought to be a Salter-Harris type I stress frac-
ture of the growth plate due to chronic repetitive 
shear forces applied to the hyperextended wrist 
joint. Rapid healing of the stress fracture occurs 
with cessation of the sporting activity but contin-
ued strenuous use of the wrist results in further 
widening and irregularity of the growth plate 
(Carter et  al. 1988). On MR imaging, fractures 

a bFig. 17 (a and b) 
Female gymnast with 
left wrist pain and 
tenderness at the DRUJ 
on dorsiflexion. (a) PA 
radiograph shows stress 
changes adjacent to the 
distal radial and ulnar 
growth plates. (b) 
Coronal GRE MR image 
shows a central 
perforation of the 
TFCC. Positive ulnar 
variance is better seen 
on the MR image
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and stress fractures are identified as hypointense 
fracture lines, surrounded by patchy areas of T1 
hypointensity and T2 hyperintensity representing 
edema (Peh et al. 1996; Breitenseher et al. 1997). 
The presence of edema without a visible fracture 
line may represent a bone bruise or a stress reac-
tion. Stress injuries related to growth plates of the 
distal radius and ulna may be seen in adolescent 
gymnasts (Shih et al. 1995). Fraying, irregularity, 
and widening of the physis on MRI were consis-
tent indicators of a physeal injury in 3 out of 10 
female gymnasts in a study examining gymnastic 
wrist injuries (Dwek et al. 2009). There is recent 
provisional evidence that volumetric measure-
ments of the physis can indicate early physeal 
stress changes in a group of 45 symptomatic and 
asymptomatic gymnasts when compared to the 
24 non-gymnast cohort (Kraan et al. 2019). The 
gymnast population had median physeal volumes 
of 971 (symptomatic) and 951 (asymptomatic) 
mm3, versus the non-gymnastic population who 
had median volumes of 646 mm3.

In a follow-up study of 21 young, high- 
performance gymnasts with stress changes 
related to the distal radial epiphysis, 11 of the 

gymnasts who presented with radiographic 
changes of the distal radial epiphysis took at least 
3 months to recover. In comparison, ten gymnasts 
who had similar symptoms but no radiographic 
changes recovered within an average of 4 weeks. 
The radiographic changes were considered to 
represent stress changes, possibly stress frac-
tures, of the distal radial epiphysis (Roy et  al. 
1985).

A radiographic survey to determine skeletal 
age and nature and prevalence of stress-related 
changes affecting the distal radial growth plate in 
60 young competitive gymnasts (39 females, 21 
males) revealed a significant delay in maturation 
for girls. It was found that the widening and 
irregularities of the distal radial physis appear to 
be the first in a spectrum of abnormal changes 
secondary to overuse, and probably represented a 
stress fracture of the distal radial growth plate. 
The authors concluded that the radiographic 
changes associated with this injury were not the 
normal adaptive changes seen in young, 
competitive gymnasts. More serious long-term 
abnormality may result even though the injury 
may initially resemble a Salter-Harris type I or II 

a bFig. 18 (a and b) 
Female adolescent 
gymnast with stress 
changes to both distal 
forearm bones. (a) PA 
radiographs of the right 
and (b) left wrists show 
sclerosis and patchy 
cystic areas adjacent to 
the distal radial growth 
plates. Similar but 
milder changes are 
present in the distal ulna
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stress fracture. Long-term complications may 
include symmetrical or asymmetrical retardation 
or halted growth at the affected site, positive 
ulnar variance, and associated pathoanatomic 
sequelae (Caine et al. 1992).

A cross-sectional study of 59 gymnasts (28 
girls and 31 boys; average age 9.3 years) revealed 
that wrist pain was reported by 56% (33/59) of 
the gymnasts, with 45% (15/33) describing pain 
of at least 6-month duration. Factors significantly 
associated with wrist pain included higher skill 
level, older age, and more years of training. 51% 
(30/59) of the gymnasts had findings of stress 
injury to the distal radial physis, and 7% had 
frank widening of the growth plate. Wrist pain 
prevalence was significantly related to the grade 
of radiographic injury. Mean ulnar variance was 
significantly more positive than established 
norms. Ulnar variance was not associated with 
wrist pain or radiographic injury of the distal 
radial physis. The authors concluded that radio-
graphic findings of distal radial physeal injury are 
associated with wrist pain among young non- 
elite gymnasts (Difiori et al. 2002b).

In a study undertaken to define and character-
ize factors contributing to the causes and develop-
ment of gymnast wrist pain and to establish an 
effective means of systematic and comprehensive 
evaluation and treatment, 75% of 38 collegiate 
gymnasts were found to have wrist pain for at 
least 4 months. The males averaged 
2.82 ± 1.94 mm positive ulnar variance and the 
females averaged 1.44 ± 1.88 mm positive ulnar 
variance, with all of the gymnasts having signifi-
cantly greater variance than the controls, who 
averaged −0.52 mm. The pommel horse routine 
was consistently responsible for wrist pain among 
the males. Anatomic and histologic correlation of 
cryosections with MR imaging performed to 
establish the usefulness of MR imaging in the 
diagnosis of wrist pain showed that MR imaging 
was able to differentiate the complex transitions 
between cortical and trabecular bone, articular 
surfaces, ligaments, and TFCC of the wrist joint 
(Figs.  16 and 17). Arthroscopic findings corre-
lated well with those of MR imaging and arthrog-
raphy, with arthroscopic surgery being a successful 
mode of treatment (Mandelbaum et al. 1989).

To assess the prevalence of stress injury to the 
distal radial growth plate and of positive ulnar 
variance in a non-elite gymnast population, a 
radiographic survey was performed in 44 skele-
tally immature non-elite gymnasts consisting of 
27 girls and 17 boys. Radiographic findings con-
sistent with stress injury of the distal radial phy-
sis were found in 25% (11/44) of participants. 
Ulnar variance was found to be more positive in 
the gymnasts when compared with age-predicted 
norms, with an average side-to-side difference in 
ulnar variance of 0.9 mm. Radiographic findings 
of stress injury to the growth plate and the amount 
of ulnar variance were not associated with age, 
sex, training intensity, wrist pain, height, or 
weight. There was also no significant relationship 
between ulnar variance and radiographic find-
ings. It also appears that ulnar variance is more 
positive than would otherwise be predicted, sug-
gesting growth inhibition of the distal radius, a 
growth stimulation of the ulna, or a combination 
of both (Difiori et  al. 1997). Tolat et  al. (1992) 
described five teenage female gymnasts who had 
symptomatic acquired positive ulnar variance 
occurring due to premature physeal closure of the 
growth plate. All cases demonstrated ulnocarpal 
impingement, and arthroscopic assessment of the 
wrist allowed assessment of the integrity of the 
TFCC and helped decide on the most appropriate 
surgery such as distal ulna recession and shaving 
for a TFCC perforation.

The ulnar variance in female gymnasts attend-
ing the 1987 Artistic Gymnastics World 
Championship was measured, showing a marked 
increase in the ulnar length in adult as well as 
immature gymnasts, compared with nonathletes. 
The changes in relative ulnar length were corre-
lated to weight, height, and skeletal age of the 
athletes. In 10% of the gymnasts’ wrists, stress- 
related changes of the distal physis of the radius 
were noted. The authors concluded that repetitive 
injury and compression of the wrist lead to a pre-
mature closure of the distal radial growth plate 
resulting in secondary ulnar overgrowth (De 
Smet et  al. 1994). Interestingly, contradictory 
results appeared in another study using the PA 
radiographs of 201 female participants of the 
1987 Artistic Gymnastics World Championships. 
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This study showed that female gymnasts who 
demonstrated ulnar overgrowth were skeletally 
more advanced in maturity status of the entire 
hand-wrist compared with gymnasts who did not 
show ulnar overgrowth. The authors concluded 
that ulnar overgrowth was not associated with 
advanced maturity of the distal radial epiphysis 
as defined in protocols for assessing skeletal 
maturity and did not lead to premature epiphyseal 
closure of the distal radius (Beunen et al. 1999).

5.3  Rowing/Canoeing, Volleyball, 
and Basketball

Overuse of the hand in sports such as rowing, 
volleyball, and basketball may eventually result 
in irritation or swelling of the tendons of the 
wrist, with resultant tenosynovitis.

Rowing has gained considerable popularity in 
recent years. Rowers hail from a wide spectrum 
of age groups. Rowing is an endurance activity 
with no sudden accelerations or ballistic impact 
forces. It is associated with several injuries that 
are so typical that they are easily recognized and 
in many cases do not require imaging. Injuries of 
the forearm and wrist are common in rowing, 
with incidence between 5.3 and 22% (Smoljanovic 
et al. 2018; Baugh and Kerr 2016). These include 
De Quervain’s tenosynovitis and proximal inter-
section syndrome (also known as the “Oarsman’s 
wrist”) which involves the extensor carpi radialis 
longus and brevis (Fig.  19). Proximal intersec-
tion syndrome is an overuse tenosynovitis from 
repetitive wrist flexion and extension, leading to 
predominantly second extensor compartment 
tenosynovitis at the point where it crosses over 
the first extensor compartment at about 4  cm 
proximal to Lister’s tubercle. Distal intersection 
syndrome is another similar overuse tenosynovi-
tis but is much less common, occurring just distal 
to Lister’s tubercle and involving the extensor 
pollicis longus tendon (third extensor compart-
ment) as it crosses over extensor carpi radialis 
longus and brevis tendons (second extensor com-
partment) (Fig. 20). Chronic exertional compart-
ment syndrome can afflict the volar muscles of 
the forearm typically when the drive phase is ini-

tiated by the elbow and not the shoulder girdle. 
The increased blood flow, metabolic products, 
muscle size, and tension on the surrounding fas-
cia can lead to pain and neurological symptoms 
mimicking a neuropathy (Cole et  al. 2017). 
Knowledge of the basic rowing physiology and 
equipment, mechanics of the rowing stroke, and 
training habits will make those involved in patient 
management better equipped to diagnose, treat, 
and prevent injuries in rowers (Rumball et  al. 
2005; Thornton et al. 2017).

Du Toit et  al. (1999) investigated the inci-
dence and causes of acute tenosynovitis in long- 
distance canoeists, and found that an average of 
23% of competitors in each race developed this 

Fig. 19 Axial T2-W FS image shows proximal intersec-
tion syndrome with tenosynovitis of the extensor carpi 
radialis longus and brevis (courtesy of Professor Jan 
Gielen, University Hospital, Antwerp, Belgium)

Fig. 20 Longitudinal US images shows a localized effu-
sion in the extensor pollicis longus tendon sheath from 
distal intersection syndrome (courtesy of Professor Jan 
Gielen, University Hospital, Antwerp, Belgium)
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condition. The incidence was significantly higher 
in the dominant than in the nondominant hand 
but was unrelated to the type of canoe and the 
angle of the paddle blades. Canoeists who cov-
ered more than 100 km a week for 8 weeks pre-
ceding the race had a significantly lower 
incidence of tenosynovitis than those who trained 
less. Environmental conditions during racing, 
including fast-flowing water, high winds, and 
choppy waters, and the paddling techniques, 
especially hyperextension of the wrist during the 
pushing phase of the stroke, were both related to 
the incidence of tenosynovitis. The study sug-
gested that development of tenosynovitis is not 
related to the equipment used, but is probably 
caused by difficult paddling conditions, in par-
ticular uneven surface conditions, which may 
cause an altered paddling style. The athlete’s 
level of fitness and the ability to balance a less 
stable canoe, thereby maintaining optimum pad-
dling style without repeated eccentric loading of 
the forearm tendons to limit hyperextension of 
the wrist, appear to be important factors (Du Toit 
et al. 1999).

Volleyball players are subjected to application 
of limited multiple trauma to the dorsal radial 
portion of the wrist. Rossi et al. (2005) studied 45 
volleyball players with the diagnosis of de 
Quervain’s stenosing tenosynovitis and showed 
that increased training time and consequent 
microtrauma may increase the likelihood of this 
injury. Volleyball players commonly complain of 
pain in the hypothenar area. Fatigue fracture of 
the pisiform bone has been suggested as a cause 
of this incapacity (Israeli et al. 1982). Although 
this can be demonstrated on oblique and carpal 
tunnel view radiographs of the wrist, this is no 
longer recommended as CT is ultimately superior 
in all instances for detection and diagnosis and is 
widely available. MR imaging is also able to 
detect occult impaction and stress-induced mar-
row edema (Moraux et al. 2014).

Acute basketball injuries often involve the 
hand and wrist. Extensor carpi ulnaris tendinosis, 
along with TFCC and DRUJ injuries, is com-
monly encountered in basketball players (Cohen 
and Metzl 2000; Pang and Yao 2017). 
Scapholunate interosseous ligament disruption 

occurs more commonly in the dominant hand and 
can lead to scapholunate dissociation, if not sur-
gically repaired (Melone Jr et  al. 2012). 
Tehranzadeh and Labosky (1984) reported using 
double-contrast wrist arthrography to detect 
loose intra-articular osteochondral fracture frag-
ments caused by basketball injury. These were 
subsequently removed surgically.

5.4  Cycling/Wheelchair Athletes

Distal peripheral neuropathies have been identi-
fied in cyclists because of prolonged grip pres-
sures on handlebars. The so-called cyclist palsy 
has been postulated to be an entrapment neuropa-
thy of the ulnar nerve in Guyon’s canal of the 
wrist. Wheelchair athletes are also prone to devel-
oping hand pain and numbness, due to extremity 
peripheral nerve entrapment related to prolonged 
gripping of the wheelchair wheels. Ulnar neurop-
athy, characterized by tingling, numbness, and 
weakness in the hands, is common in serious 
cyclists, especially following several days of rid-
ing (Mellion 1991; Richmond 1994).

Chan et al. (1991) studied the 14 national level 
competitive cyclists and found that the prevalence 
of median nerve lesions at the wrist, although 
usually mild, was substantially higher than 
expected. Electrodiagnosis was recommended as 
a sensitive detector for neuropathy, even at a sub-
clinical stage. Fracture of the trapezium is a rare 
injury associated with cycling and may need a 
special radiographic projection (Bett’s oblique 
view) for visualization (Lilley et al. 2000).

Wheelchair athletes commonly experience 
hand pain and numbness, due to extremity periph-
eral nerve entrapment. The most common electro-
diagnostic dysfunction was of the median nerve 
at the carpal tunnel (46%), and the portion of the 
nerve within the proximal carpal tunnel was most 
frequently affected. Ulnar neuropathy was the 
second most common entrapment electrodiagnos-
tically (39%) (Burnham and Steadward 1994). 
Body mass index and total time of wheelchair 
usage during training and competition are also 
established contributing factors to the develop-
ment of carpal tunnel syndrome (Kim et al. 2017).
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5.5  American Football, Horse 
Riding/Rodeo, Roller-Skating/
Rollerblading/Skateboarding/
Hoverboarding

Sporting activities that involve hand contact with 
a fast-moving heavy ball have the potential for 
injury to athletes. Examples include soccer (as 
goalkeeper), basketball, netball, volleyball, 
cricket, and rugby (MacGregor 2003). Ball games 
have been found to account for the largest number 
of sports injuries among children in Hong Kong 
(Maffuli et al. 1996). Fractures and dislocations 
to the wrist may result from direct blow to hand-
wrist (e.g., American football, boxing, rugby) or 
falls (e.g., horse riding, motocross, soccer, skat-
ing, snowboarding, track and field) (Fig. 21).

5.5.1  American Football
An analysis of injuries from American football 
clubs in Colorado revealed an incidence of upper 
extremity injuries that range from 15 to 25%. 

There were both traumatic and overuse injuries, 
with involvement of the distal forearm and car-
pus being common in this contact sports. Injuries 
encountered include distal radial and scaphoid 
fractures, ligamentous injuries, and TFCC tears 
(Schlegel et al. 1999). Ellsasser and Stein (1979) 
reviewed hand injuries in a professional 
American football team over a 15-year period. 
38 players from one professional football team 
suffered 46 major hand and wrist injuries. The 
injuries included fractures, dislocations, fracture 
dislocations, and soft-tissue injuries of the pha-
langes, metacarpals, carpals (particularly the 
scaphoid), and distal radius/ulna, including 
intra-articular injuries. 12 surgical procedures 
were performed, allowing the players to return to 
active participation with a minimum loss of prac-
tice time. Carlisle et al. (2008) analyzed elbow, 
forearm, and wrist injuries involving National 
Football League players over a 10-year period. 
They found that ligamentous sprain and instabil-
ity injuries of the wrist were most frequently 
encountered, comprising 19% of reported inci-
dents (n  =  160/859). When considering other 
injuries such as fractures, dislocations, and teno-
synovitis, the wrist accounted for 30% of total 
injuries.

In a retrospective study of lunate and perilu-
nate carpal dislocations in professional football 
players in the US National Football League over 
a 5-year period, Raab et al. (1994) reported seven 
lunate and three perilunate dislocations in ten 
players. The mechanism of injury was hyperex-
tension in nine of ten players. The study demon-
strated that lunate and perilunate carpal 
dislocations were not career-ending injuries in 
professional football, although a minimum loss 
of 4 weeks of playing time was expected. 
Treatments varied but none was clearly superior 
or detrimental, although four of the five players 
who returned to play in the same season were 
treated by closed reduction with percutaneous 
pinning.

5.5.2  Horse Riding/Rodeo
Moss et al. (2002) found that upper limb injuries 
accounted for 29.2% of all horse riding injuries, 
the majority (85.5%) of whom sustained the 
injury falling from the horse. The commonest 

Fig. 21 Male track athlete who sustained a fall. Oblique 
PA radiograph shows a minimally displaced fracture of 
the tuberosity of the scaphoid
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upper limb fractures were distal radial fractures, 
with scaphoid fractures also being reported. The 
authors noted that the incidence of upper limb 
injuries among horse riders appears to be 
increasing.

Rodeo is regarded as a nontraditional sporting 
activity that is high collision in nature. In a radio-
graphic study of 25 male rodeo riders, also known 
as roughstock athletes, 82 upper limb abnormali-
ties were found. This comprised 24 fractures of 
the hand and wrist, including 5 nonunions, 
involving bones such as the scaphoid. There were 
14 cases of degenerative joint disease (e.g., 
radioscaphoid, scapholunate, and TFCC), joint 
calcification, dorsal instability, and scapholunate 
dissociation (Meyer et  al. 2003). Inexperienced 
competitors have a greater rate of injury to areas 
such as the hand and wrist (Butterwick and 
Meeuwisse 2002).

5.5.3  Roller-Skating/Rollerblading/
Skateboarding/Hoverboarding

Roller-skating, rollerblading (also known as 
wheels-in-line skating), skateboarding, and 
scooter riding are popular recreational and sport-
ing activities among children and adolescents, 
but have attendant risks and can be associated 
with skeletal injury. Similarly, the recent advent 
and increasing popularity of hoverboarding (also 
known as self-balancing electric scooters) have 
also contributed to the increasing spectrum of 
injuries. All these activities, being conducted on 
wheels moving along hard surfaces, involve 
movement at high speeds and potential for 
attempts at extreme maneuvers. Most of these 
injuries result from falls, with fractures to the dis-
tal radius and ulna being common.

Zalavras et  al. (2005), in a study of patients 
who presented to the pediatric fracture clinic of 
the level I trauma center over a 1-year period 
after sustaining fractures due to skateboarding, 
roller-skating, and scooter riding, identified 325 
fractures (13.7%) among a total of 2371 frac-
tures. Mean age of patients ranged from 9.7 to 
13 years, with a male predominance. The forearm 
was fractured most often, composing 48.2% of 
skateboarding fractures, 63.1% of roller-skating 
fractures, and 50.7% of fractures due to scooter- 
riding. 94% of forearm fractures were located in 

the distal third. Schieber et al. (1994) found that 
of approximately 30,863 persons treated for roll-
erblading injuries, for every rollerblading injury, 
approximately 3.3 roller-skating and 1.2 skate-
boarding injuries occurred. The median ages of 
those injured in these three sports were 15, 12, 
and 13  years, respectively, with wrist fractures 
and/or dislocations being a common injury.

Orenstein (1996) prospectively studied the 
types of injuries sustained during the use of roll-
erblades and compared them with injuries sus-
tained during the use of roller skates and 
skateboards. Minor injuries (sprains, bruises, lac-
erations) were more common than fractures, and 
there was no statistical difference in the types of 
injury between the skate groups. The most com-
mon serious injury was fracture of the distal arm, 
which occurred in each of the three skater groups 
(43%). Injuries occurred more commonly 
because the skater was going too fast (35%), 
because the skater struck an object in the pave-
ment (20%), or because the skater was unable to 
brake (19%). The authors concluded that injuries 
sustained by rollerbladers were similar to those 
sustained by roller skaters and skateboarders, and 
that the risk of wrist or elbow fracture was greater 
when wrist guards were not worn.

The most common injury in the increasingly 
popular recreational activity of rollerblading is a 
fracture of the distal radius, which comprises 
50% of all fractures. Reasons for the increasing 
number of serious injuries in rollerblading 
include the following: majority of skaters do not 
wear proper protective equipment and many 
users cannot handle their in-line skates in danger-
ous situations (Ellis et al. 1995; Jerosch and Heck 
2005). Studies on rollerblading injuries from 
Europe, Australia, and the USA produced similar 
findings in that majority of victims were male 
aged 10–14 years, had fallen, and sustained wrist 
injuries (Young et  al. 1998; Nguyen and Letts 
2001; Mulder and Hutten 2002).

Skateboarding has experienced intermittent 
periods of popularity since the 1960s. 
Skateboarding injuries have increased with the 
rise in popularity of the sport, and the changes to 
the injury pattern could be expected with the 
development of both skateboard tricks and 
materials used for skateboard construction. Most 
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documented cases occur in boys aged from 10 to 
14 years, with injuries ranging from minor cuts 
and abrasions to multiple fractures and, in some 
cases, even death (Fountain and Meyers 1996). 
Forsman and Eriksson (2001) studied 139 people 
injured in skateboarding accidents, and found 
that most were children with a mean age of 
16 years, with the most common fractures involv-
ing the ankle and wrist. Kyle et  al. (2002) also 
found that the most frequent injuries in skate-
boarding were ankle strain/sprain, followed by 
wrist fracture.

A recent study of 47 pediatric patients who 
presented to the emergency department following 
a hoverboard injury over an 8-month period 
revealed a total of 42 fractures in 32 of the 
patients (Schapiro et  al. 2017). Of these, 74% 
(31/42) of the fractures involved the upper 
extremity with the most commonly fractured 
bone being the distal radius (38% [16/42]), fol-
lowed by the distal ulna (17% [7/42]).

Wrist fractures are the most common type of 
injury in roller-skating, rollerblading, skate-
boarding, and hoverboarding. Use of industrially 
tested equipment and wearing of protective gear, 
particularly wrist and forearm guards, are needed. 
If skaters do not protect themselves adequately, 
injuries are expected to increase with a rise in the 

sport’s popularity (Schieber et  al. 1994; Ellis 
et al. 1995). The American Academy of Pediatrics 
recommends that children under 5 years of age 
should not be allowed to ride skateboards. At an 
early age, injuries may occur due to reasons such 
as high center of mass, immature skeletal devel-
opment, an undeveloped neuromuscular system, 
and simply poor judgement (Fountain and Meyers 
1996).

5.6  Snowboarding and Skiing

Alpine skiing and snowboarding are two of the 
most popular winter sports in the world, and both 
have a reputation for an inherently high risk of 
injury. Snowboarding involves riding a single 
board down a ski slope or on a half-pipe snow 
ramp. The injury profile in snowboarding differs 
from that of traditional alpine skiing. Compared 
with injuries resulting from skiing, snowboarding 
injuries occur more frequently in the upper 
extremities and ankles, and less frequently in the 
knees. Snowboarders typically sustain wrist inju-
ries (Bladin et al. 2004; Boutin and Fritz 2005) 
(Fig. 22).

In a comparative study of snowboarders and 
skiers, Matsumoto et al. (2002) found that upper 

a b

Fig. 22 (a and b) Male adult snowboarder who fell while 
snowboarding. (a) PA radiograph shows disruption of all 
the carpal arcs. The lunate has an abnormal triangular 
shape, with overlapping of the LT and capitolunate articu-
lar surfaces. (b) Lateral radiographs show that the lunate 

is dislocated volarly and is rotated such that its distal 
articular surface faces volarly. Appearances are typical of 
a lunate dislocation (courtesy of Professor Shigeru Ehara, 
Iwate University, Morioka, Japan)
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extremity injuries were much more common in 
snowboarders than in skiers, with upper extrem-
ity fractures being three times more common in 
snowboarders. Wrist fractures were the most 
common fractures among snowboarders, com-
prising 62% of all fractures, and were found to 
have a different underlying cause compared with 
other upper extremity fractures. Matsumoto et al. 
(2004) found that the most common events lead-
ing to injury were falling (59.6%) and jumping 
(36.1%).

Different types of snowboard equipment, rider 
stance, and snowboarding activity result in differ-
ent types of injury. The risk of injury may be low-
ered by using protective equipment, such as wrist 
guards, particularly for beginners. Wrist guards 
have been found to decrease the incidence of 
wrist injuries in snowboarding (Matsumoto et al. 
2002; O’Neill 2003; Made and Elmqvist 2004). 
O’Neill (2003) tested the protective value during 
snowboarding of an off-the-shelf wrist guard 

originally designed for rollerblading, and found it 
to be effective.

6  Conclusion

Many sporting activities produce a specific injury 
pattern related to the risks, actions, and stresses 
peculiar to that particular activity. Knowledge of 
the sport or recreational activity aids in the diag-
nosis and management of injury patterns 
(Fig. 23). This chapter highlights some popular 
and emerging sports, and attempts to group sports 
injuries of the wrist according to their common 
mechanisms of injury. Imaging has an important 
role in the evaluation and diagnosis of the range 
of bone and soft-tissue injuries due to various 
sports. Knowledge of the biomechanics behind a 
particular sporting activity is useful for under-
standing the pathophysiology of wrist injury and 
helps explain the findings seen at imaging.

a b

Fig. 23 (a and b) Male gymnast with stress changes of 
the distal radius and ulna bilaterally. (a) PA radiograph of 
the left wrist shows mild growth plate widening and adja-

cent sclerotic changes. (b) Bone scintiscan shows 
increased linear uptake at the distal ends of the radius and 
ulna bilaterally
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Things to Remember
 1. Many anatomic structures in the wrist may be 

injured in a wide variety of ways during par-
ticipation in sports.

 2. Many of these sporting activities, whether 
competitive or recreational, are associated 
with specific injury patterns related to the 
actions and stresses associated with that par-
ticular sport.

 3. Knowledge of the sport biomechanics and imag-
ing features aids in the early diagnosis, identifi-
cation and prevention of potential complications, 
management, and follow-up of these injuries.

 4. It is particularly important to recognize wrist 
injuries in the immature skeleton of preado-
lescent and adolescent athletes, as continued 
sporting activity may result in growth arrest 
and other long-term problems.

Imaging Technique Boxes

Radiography
• Standard frontal and lateral radiographs are the initial imaging investigation for detection of 

fractures and malalignment.
• Classification of distal radial fractures is made on radiographs.
• Special projections may be needed for scaphoid, hamate hook, and other carpal fractures.
• Stress radiographs or video fluoroscopy may be required to show dynamic carpal 

instability.

Computed Tomography
• Useful in supplementing normal or equivocal radiographs in clinically suspected injury.
• Accurate for diagnosis of hook of hamate fractures and DRUJ subluxation/dislocation.
• Helpful in the assessment of preoperative planning, healing, and post-traumatic deformity.

Bone Scintigraphy
• Useful only while bone is still remodeling.
• Helpful in radiographically occult trauma.

Arthrography
• Useful for diagnosis of ligament and TFCC tears.
• Single- versus triple-compartment injection technique.
• Single radiocarpal injection followed by either CT or MR imaging is commonly practised.

Ultrasonography
• Provides answers to very specific diagnostic questions for superficial lesions such as tendon 

abnormalities.
• Cheaper and time saving compared to MR imaging.
• Highly operator dependent with long learning curve.
• Availability of high-frequency transducer is essential.
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Abstract
In this chapter we discuss injuries of the fin-
gers. The dorsal hood centers the extensor ten-
dons over the MCP joint and with injuries the 
tendon may become displaced. Flexor tendon 
ruptures may occur in the different hand zones 
but typically in the finger. Retraction may be a 
very severe complicating surgery. The exten-
sor mechanism is very complex. Ruptures of 
the central slip may lead to boutonniere defor-
mity and distal slip mallet finger. The palmar 
pulleys keep the tendons close to the bone and 
prevent bowstringing. The palmar plates typi-
cally tear in association with collateral liga-
ments due to their intimate connection. The 
most common tendinopathy involves the first 
extensor compartment and is designated De 
Quervain disease.

1  Introduction and Technical 
Considerations

With technical advances in imaging systems, 
injuries of hand and fingers can be accurately 
evaluated with ultrasound and magnetic reso-
nance. Although such injuries can be assessed by 
expert clinical examination, additional informa-
tion obtained from imaging can help in optimiz-
ing treatment planning.

For ultrasound, linear or dedicated hand trans-
ducers can be used. High resolution is essential. 
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As a rough guideline, transducers of 14 MHz or 
higher are ideal.

For magnetic resonance, high-resolution 
images can be obtained with dedicated finger 
coils. A drawback of these coils is the small field 
of view offered. Wrist coils also give excellent 
results. Meticulous attention to patient immobili-
zation, choice of the smallest field of view obtain-
able, and optimizing signal-to-noise ratio by 
carefully selecting imaging parameters will yield 
the best results. Choice of imaging parameters 
may vary among systems. The same is true for 
the imaging sequences, although these should 
include “anatomical” and “fluid-sensitive” 
sequences. Anatomical images will consist of 
either spin-echo T1-weighted images or spin- 
echo proton density-weighted images. These 
sequences offer high details; however, excellent 
knowledge of normal anatomy is essential to 
assess pathological changes. “Fluid-sensitive” 
sequences will consist of STIR-weighted images 
or T2 fat-saturated images and will emphasize 
high signal intensity changes. These sequences 
offer less imaging details in the fingers due to the 
small field of view. Gradient-echo sequences are 
an alternative to spin-echo sequences, but suscep-
tibility artifacts related to bone-soft tissue inter-
faces, and chemical shift artifact related to 
muscle-fat interfaces, adversely affect image 
quality.

2  Extensor Tendon Rupture

The extensor tendon system has a distal insertion 
terminating on the base of the distal phalanx and 
a proximal insertion terminating on the base of 
the middle phalanx (Figs. 1 and 2). The extensor 
system receives contributions from the interos-
seus muscles as well as from the lumbrical mus-
cles (Landsmeer 1949). A rupture of the distal 
insertion is designated “mallet finger” or “base-
ball finger” and typically results in pain and 
swelling, and inability to extend the distal pha-
lanx (Kleinbaum et al. 2005). Flexion deformity 
is present at the DIP joint. The diagnosis is usu-
ally made clinically. Ultrasound may be per-
formed to establish the degree of retraction, and 

diagnose associated collections or tiny avulsion 
fractures which may be underestimated clinically 
(Fig.  3). Ruptures of the central insertion are 
more commonly recognized in the setting of 
inflammatory conditions but may also relate to 
trauma. A rupture of the central slip insertion 
typically leads to boutonniere deformity. This 
usually results from sudden DIP extension, and 
leads to hyperextension at the MCP, flexion at the 
PIP, and hyperextension at the DIP joints. 
Diagnosis of tendon rupture is straightforward 
with ultrasound. Ultrasound can show the tendon 
rupture dynamically, as well as demonstrate the 
conjoint tendons that slide to the side of the PIP 
joint (Fig. 4). The conjoint tendons are normally 
held in place by the transverse retinacular 

Fig. 1 Extensor system. Line drawing shows the lateral 
aspect of finger. Extensor tendon combines with interos-
seus tendons to terminate in central insertion (arrow), and 
distal insertion (arrowhead)

Fig. 2 Extensor tendon. Sagittal fat-saturated proton 
density-weighted MR image. Termination of the central 
insertion (arrow) and distal insertion is shown 
(arrowhead)

A. Van Royen et al.



317

ligament at the PIP joint. More proximal ruptures 
of the extensor system over the midhand can also 
occur (Fig.  5). MR may also be employed to 
diagnose extensor rupture, but lacks the dynamic 
capability of ultrasound.

3  Dorsal Hood Rupture

At the level of the metacarpophalangeal joint the 
extensor tendon is kept in place by dorsal rein-
forcements designated dorsal hood (Fig. 6). The 
dorsal hood consists of sagittal bands attaching to 
and covering the extensor tendons at the metacar-
pal head level. Ruptures of the sagittal bands lead 
to displacement of the extensor tendons from 
their central positions over the metacarpal heads. 
Usually the second and third digits are involved 
secondary to direct trauma such as in boxing. On 
ultrasound the tendon can be shown dynamically 
to displace from its normal central position. A 
hypoechoic cleft may also be apparent in the nor-
mal location of the sagittal bands. At MR disrup-
tion of the sagittal bands may be depicted as a 
hyperintense signal intensity area adjacent to the 
tendons.

4  Flexor Tendon Rupture

At midhand level the flexor tendons are easily 
depicted. The flexor superficialis tendon is 
located more ventrally (Fig.  7). The lumbrical 
muscle bellies are located at the radial side of the 
flexor system in the hand (Figs.  8 and 9). The 

Fig. 3 Mallet finger. Sagittal ultrasound image. Note 
complete tear of distal insertion (mallet finger) with a 
hyperechoic bony avulsion (arrowhead) and retracted ten-
don end (arrow). There is a gap between the bony avul-
sion and the insertion (double arrow)

a

b

Fig. 4 (a, b) Boutonniere deformity. (a) Sagittal ultra-
sound image. Note the avulsion of fibers at the insertion of 
central slip (arrowhead). (b) Coronal ultrasound image at 
the lateral aspect of finger shows laterally located compo-
nents (arrows) of extensor system that are thickened and 
scarred down adjacent to the bone

Fig. 5 Extensor rupture. 
Sagittal ultrasound 
image shows proximal 
rupture of extensor 
tendon over midhand 
(arrowheads)
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lumbricals are located on the radial side of the 
flexor system. Their tendons move from ventrally 
in a dorsal direction to attach to the extensor sys-
tem. Tears of the lumbricals have been described 
in rock climbers leading to rupture and hema-

toma in the muscle belly (Schweizer 2003). Such 
muscle tears are most easily demonstrated with 
ultrasound (Fig. 10). “Fluid-sensitive” magnetic 
resonance sequences may also show muscle tears 
as hyperintense areas.

The relationship of the flexor superficialis 
tendon and the flexor profundus tendon varies 

Fig. 6 Dorsal hood. 
Transverse ultrasound 
image shows triangular 
sagittal bands (arrows) 
at both sides of extensor 
tendon

Fig. 7 Flexor tendons. 
Sagittal anatomical slice 
shows insertion of flexor 
profundus (arrow) and 
of flexor superficialis 
(arrowhead)

Fig. 8 Lumbricals. Anatomical dissection shows lumbri-
cal muscle (arrowheads) adjacent to the radial side of 
flexor tendons (F)

Fig. 9 Lumbricals. Transverse proton density MR image 
shows lumbricals (L) at the radial aspect of flexor tendons 
(arrows)
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considerably throughout the finger. The flexor 
profundus tendon passes through an opening in 
the flexor superficialis tendon and continues to 
insert onto the base of the distal phalanx. The 
flexor superficialis tendon inserts at the level of 
the midaspect of the middle phalanx (Fig.  11). 
Flexor tendon disruption may be related to tran-

section. Avulsive injuries in blunt trauma typi-
cally involve the distal insertion (flexor 
profundus) and this condition is also designated 
rugger jersey finger (Figs.  12 and 13) (Cohen 
et al. 2004). Tendon ruptures can be demonstrated 
both by ultrasound and magnetic resonance.

5  Annular Pulley Rupture

The flexor tendons are covered by fibrous rein-
forcements that are termed annular and cruciform 
pulleys (Fig.  14) (Parellada et  al. 1996; Kovacs 
2002). The cruciform reinforcements are less 
important and are even difficult to recognize on 
anatomic dissection. The annular reinforcements 
are strong bands easily recognizable at dissection. 
They are classified as five different bands, termed 
the A1 to the A5 pulleys. The A1, A3, and A5 are 
located at the level of the joints. Usually, when an 
injury occurs, it extends from proximal to distal 
involving the A1 pulley first, and then continuing 

Fig. 10 Lumbrical tear. Transverse ultrasound image. 
Normal flexor tendons are seen (F). Normal hypoechoic 
lumbrical (thin arrow) is seen, as well as hyperechoic 
lumbrical (thick arrow) corresponding to recent tear

Fig. 11 Flexor tendons. 
Sagittal proton 
density-weighted MR 
image. Insertion of 
flexor profundus 
(arrowhead) and of 
flexor superficialis 
(arrow)

Fig. 12 Flexor rupture. 
Flexor rupture. Sagittal 
ultrasound image shows 
proximal rupture of 
flexor tendon over 
midhand (arrow)
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distally involving the A2 pulley. The A3 pulley is 
located in regard to the proximal interphalangeal 
joint. The A4 pulley is located at the middle aspect 
of the middle phalanx, and the A5 pulley is located 
in regard to the distal interphalangeal joint. The 
purpose of the annular pulleys is to keep the ten-
don in close contact with the bone during flexion 
of the finger. The pulleys cannot be seen consis-
tently using US, but may occasionally be evident 
as hypoechoic interfaces at the superficial aspect 
of the tendons (Fig. 15). Annular pulley rupture 
has typically been described in rock climbers. 
Dynamic ultrasound shows the increased distance 
of the tendon to the bone in comparison to the 
normal side (Fig.  16). This displacement, also 
designated “bowstring deformity,” may also be 
shown using magnetic resonance.

6  Volar Plate and Collateral 
Ligament Injury

At the level of the joints the flexor tendons are at 
a slight distance from the bone. This is related to 
the shape of the head of a phalanx, but also to the 

presence of thick volar plates at the level of the 
interphalangeal and metacarpophalangeal joints 
(Figs.  15 and 17). The volar plates are fibrous 
structures attached to the distal phalanx and 
extending proximally (Nance et  al. 1979). The 
accessory bands of the collateral ligaments of the 
joint connect to the volar plates. Hence, volar 
plate injuries are often associated with injuries of 
the collateral ligaments. Volar plate injuries can 
occur as a consequence of hyperextension but 
also medial or lateral deviation. Ultrasound can 
show the disrupted volar plate, bony avulsion, or 

Fig. 13 Flexor rupture. Coronal proton density-weighted 
MR image shows proximal rupture of flexor tendon of the 
fourth digit at the level of the metacarpal bone (arrow)

1

2

3 

4

5

Fig. 14 Annular pulleys. Line drawing shows ventrally 
located annular pulleys A1 to A5 (arrows)
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associated small collections (Figs.  18 and 19). 
Magnetic resonance may show thickening of the 
volar plates and collateral ligaments.

Fig. 15 Pulley and 
volar plate. Sagittal 
ultrasound image of a 
normal A1 pulley at the 
level of the MCP joint. 
Flexor system in close 
proximity to bone, the 
pulley appears as a thin 
hypoechoic band 
overlying the flexor 
tendons (arrow). Deep 
to the flexor tendons is a 
normal volar plate (bold 
arrow)

Fig. 16 Pulley rupture. Sagittal ultrasound image of an 
A1 pulley rupture with bowstring appearance; in contrast 
to Fig. 15 flexor system is displaced from adjacent bone 
(arrowheads)

Fig. 17 Volar plate. Sagittal anatomic slice shows flexor 
tendons (T), superficial to volar plate (arrows)

Fig. 18 Volar plate avulsion. Lateral radiographs show 
avulsion (arrowhead) of ventral aspect of base of phalanx, 
typical of volar plate avulsive injury
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7  Ulnar Collateral Ligament 
of the Thumb

The metacarpophalangeal area of the thumb is 
vulnerable to a spectrum of injuries, some-
times designated ski thumb, or gamekeeper’s 
thumb. Such an injury may occur by thumb 

hyperextension or radial deviation. Injuries of 
the ligament may result in loss of grasp func-
tion between thumb and index finger (Figs. 20 
and 21). The ulnar collateral ligament may 
show partial or complete tears (Fig. 22). Plain 
radiographs may show an avulsion fracture at 
the base of the proximal phalanx (Fig. 23). A 
specific complication occurs when the ulnar 
collateral ligament retracts and becomes 

Fig. 19 Volar plate injury. Sagittal proton MR image 
shows thickened volar plate (arrow)

Fig. 20 Ulnar collateral ligament of thumb. Transverse 
anatomical slice shows adductor aponeurosis (arrow) 
overlying ulnar collateral ligament of thumb 
(arrowheads)

Fig. 21 Ulnar collateral ligament of thumb. Coronal MR 
image shows hypointense adductor aponeurosis and 
deeper ulnar collateral ligament (arrow)
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located superficially to the adductor pollicis 
aponeurosis. This complication is designated 
“Stener lesion” (O’Callaghan et al. 1994).

Diagnosis of different stages of UCL tear and 
Stener lesion can be accomplished by ultra-
sound (Fig.  24). Magnetic resonance can also 
differentiate between ulnar collateral ligament 
tear and Stener lesion. In Stener lesion a proxi-
mally located soft-tissue nodule is apparently 
located superficial to the adductor aponeurosis 
which has been designated the “jojo” sign 
(Fig. 25).

8  De Quervain Tendons

The De Quervain tendons consist of the abductor 
pollicis longus and the extensor pollicis brevis 
(De Quervain 2005). Inflammation results in ten-
don thickening, synovial sheath effusion, and 
retinaculum thickening. It may be caused by 
overuse such as in racquet sports, or sports requir-
ing repetitive rotating of the wrist. Diagnosis can 
be made either by ultrasound or by magnetic 
resonance (Fig. 26).

Fig. 22 Ulnar collateral ligament of thumb injury. Line 
drawing shows the spectrum of injury. In 1, sprain of the 
ligament is seen (arrowheads). In 2, a partial tear (arrow-
head) is illustrated. In 3, a complete tear and a small bony 

avulsion are seen (arrow). In 4, proximal retraction and 
displacement superficial to the adductor aponeurosis, cor-
responding to Stener lesion, are shown (arrowhead)

Fig. 23 Gamekeeper’s thumb. AP radiograph shows 
avulsion (arrow) at the base of proximal phalanx corre-
sponding to gamekeeper’s thumb
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9  Other Sport-Related Injuries 
of the Hand

In a study of 100 consecutive hand injuries in boxing, 
Noble (1987) found that 35% of the injuries occurred 
at the base of the second to fifth metacarpals, includ-

ing the wrist joint. Mechanism of injury was forced 
flexion of the wrist. Other boxing injuries affecting 
the hand occurred in the thumb area (39%) and the 
phalanges and the rest of the metacarpals (Fig. 27), 
excluding the bases (26%). Other soft-tissue struc-
tures of the wrist may also be traumatized.

Fig. 24 UCL tear. 
Coronal ultrasound 
image shows a thickened 
and hypoechoic UCL 
(white arrow); the 
adductor aponeurosis 
(short arrows) is still 
positioned superficially 
to the ligament

Fig. 25 Stener lesion. 
Coronal ultrasound 
image shows a thickened 
UCL (arrows) and 
interposition of the 
adductor aponeurosis 
(short arrows) between 
the torn UCL and the 
MCP joint

a b

Fig. 26 (a, b) De Quervain tenosynovitis. (a) Transverse 
ultrasound image of a normal first extensor group. (b) 
Transverse ultrasound image of De Quervain tenosynovi-

tis. Note the thickened aspect of tendons, synovium, and 
retinaculum
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10  Conclusion

Ultrasound and MRI are important tools for diag-
nosing sports-related injuries of the ligaments 
and tendons of the hand. Important injuries may 
involve the flexor and extensor tendons, collat-
eral ligaments, annular pulleys, volar plate, and 
dorsal hood.

Radiography
Of value if bony injury or change in bony 

alignment
Normal if bone changes are absent

Ultrasound
Excellent for fine hand soft-tissue structures
Quick, and inexpensive

Requires excellent knowledge of anatomy and 
ultrasound approach

Dynamic examination possible
Competitive with MRI for hand soft-tissue 

injury

MRI
Excellent for soft-tissue and bone marrow 

changes
Good system and technique mandatory for hand 

imaging
May be time consuming and expensive

Things to Remember
 1. Rupture of central extensor insertion can lead 

to “boutonniere,” and distal insertion to “mal-
let” finger.

 2. With dorsal hood injury extensor tendons can 
be displaced from their central position over 
the MCP heads.

 3. Flexor avulsion typically involves the flexor 
profundus and is designated rugger jersey 
finger.

 4. With rupture of the pulleys, bowstring defor-
mity can occur.

 5. Volar plate and collateral ligament injuries are 
often associated.

 6. When the proximal portion of the UCL of the 
thumb becomes located superficial to the 
adductor aponeurosis, Stener lesion is 
diagnosed.

 7. Racquet sports may be a risk factor for devel-
oping De Quervain tenosynovitis.
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Abstract
Groin injury and pain account for a significant 
proportion of all athletic injuries particularly in 
sports involving kicking and sudden change of 
direction. Acute adductor and hip flexor muscle 
injuries are only second in incidence to ham-
string injury. Non-acute or long- standing groin 
pain is also a complex clinical and radiological 
area with confusing terminology often being 
used. Research has largely focused on long-
standing groin pain but increasing studies are 
now appearing on acute injury and prevention.

This chapter reviews the anatomy of the 
anterior pelvis and groin and illustrates the 
normal anatomy and normal variation seen in 
athletes. Imaging strategies will be discussed 
emphasising the use of MRI to evaluate the 
symphysis pubis and surrounding rectus 
abdominis-adductor longus aponeurosis. 
Clinical and imaging findings in athletes with 
acute and long-standing groin pain are 
described and illustrated. The evidence for the 
specificity of imaging findings in the context 
of asymptomatic athletes is also presented.
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1  Introduction

In sports which stress the pelvic girdle and lower 
limbs, such as football, groin pain accounts for 
4–19% of all athletic sports injuries (Waldén 
et al. 2015; Werner et al. 2009). In the past this 
type of injury has led to career-altering or career- 
terminating outcomes for many athletes (Morelli 
and Weaver 2005). Groin pain is the third most 
common cause of time out of training and play, 
after fractures and anterior cruciate ligament 
reconstruction (Robinson et al. 2011). Studies in 
football have shown an incidence of about 0.21% 
hour of play for groin injury constituting 7–13% 
of all injuries in men’s and women’s senior foot-
ball, with a more than twofold increase in inci-
dence for male players compared to females 
(Waldén et al. 2015; Giza 2005).

Groin pain can be categorised into acute and 
long-standing groin pain. Acute groin pain is a 
sudden onset and is usually due to acute muscu-
lar, tendinous, or bony injury. Long-standing 
groin pain can be defined as a pain that persists 
for longer than 3 months in the general popula-
tion, and persists longer than 3 weeks in elite ath-
letes, typically with insidious onset (Robinson 
et al. 2011).

The most prevalent clinical groin injury in 
sports is adductor strain (Sedaghati et al. 2013). 
Combined acute and chronic adductor muscle 
injuries are the second most commonly injured 
muscle group (23%) after the hamstrings (37%) 
(Ekstrand et al. 2011). In football and in subelite 
male football players, these account for 51% of 
overall groin pain (Kiel and Kaiser 2018). Groin 
injuries also account for 10% of all injuries in 
elite Swedish ice hockey players (Kluin et  al. 
2004), and 43% of all muscle strains in elite 
Finnish ice hockey players.

2  Overview of Regional 
Anatomy

Knowledge of the complex anatomical structures 
in the groin is key to understanding groin injury. 
There are no distinct anatomical boundaries 
delineating the groin; however it is widely 

referred to as centred on the pubic symphysis, 
and including the bilateral lower abdominal wall, 
proximal adductor and inguinal compartments.

2.1  Pubic Symphysis

The pubic symphysis is a non-synovial amphiar-
throdial joint with a shock-absorbing intervening 
central fibrocartilaginous disc. A normal central 
‘primary cleft’ often develops in this disc by late 
teens due to increased mechanical forces running 
through the pubic symphysis (Chopra and 
Robinson 2016; Omar et al. 2008).

In the normal gait cycle, the pubic symphysis 
is prone to vertical plane shear stress, as each 
lower limb transmits the weight of the body onto 
the contralateral lower limb via the pelvis 
(Koulouris 2008). The articular surfaces are 
irregular to protect the joint from shear forces 
and are covered by hyaline cartilage. The pubic 
body apophyses are on the anteromedial aspect of 
each bone and fuse in a player’s early 20s (Fig. 1) 
(Madani and Robinson 2019).

The joint capsule is supported by four pubic 
ligaments: superior, inferior (also known as arcu-
ate ligament), anterior and posterior. The supe-
rior and inferior are felt to be the most structurally 
important as they resist shear forces.

2.2  Muscles/Aponeurosis

There are multiple overlapping muscle attach-
ments around the pubic symphysis that also con-
tribute to stability. These include the anterolateral 
abdominal muscles: rectus abdominis, pyramida-
lis, external oblique, internal oblique, transversus 
abdominis and thigh adductors. The short thigh 
adductors are adductor longus, brevis and pectin-
eus. The long thigh adductors are adductor mag-
nus and gracilis. Rectus abdominis and adductor 
longus are thought to be particularly important 
contributors to stability.

The rectus abdominis is a paired midline 
abdominal wall muscle which has a narrow origin 
at the anterior pubis, formed by medial and lateral 
heads. Inferiorly, the medial head blends with the 
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contralateral rectus abdominis, and superiorly the 
medial heads diverge and are separated by the 
linea alba (Madani and Robinson 2019).

The adductor longus is the most anterior of the 
adductors. It is a characteristically triangular 
shaped muscle, originating just below the ante-
rior pubis (below the crest), and gets inserted 
onto the middle third of the femur (Fig. 2).

Cadaveric dissection has shown that the distal 
rectus abdominis and pyramidalis insertional 
fibres are in continuity distally with the proximal 
origin fibres of the adductor longus, across the 
pubic crest and joint capsule. The joint capsule, 
capsular ligaments and fibrocartilaginous disc 
receive contributions from pyramidalis, adductor 
longus and rectus abdominis tendons merging as 
anterior aponeurosis (Figs. 3, 4 and 5) (Robinson 
et al. 2007). This is a common site for injury and 
there have been several terms attributed to this 
anatomical area, including enthesis, ‘aponeurotic 

plate’ and ‘pyramidalis-anterior pubic ligament- 
adductor longus complex (PLAC)’. The PLAC 
theory suggests that the anterior abdominal wall 
muscle pyramidalis is in continuation with the 
anterior pubic capsular ligament rather than the 
rectus abdominis. We choose to use the term the 
‘rectus abdominis-adductor longus aponeurosis’ 
to describe this anatomical area as it is the most 
widely used term and includes all of the above 
structures (Zajick et  al. 2008; Robinson et  al. 
2007; Schilders et al. 2007).

2.3  Inguinal Canal

The inguinal canal is an oblique fascial tunnel 
containing the spermatic cord in males and round 
ligament in females. The walls of the inguinal 
canal are continuous with the anterior abdominal 
wall.

a

c

b

Fig. 1 (a–c) Normal apophysis, 17-year-old asymptom-
atic males. (a) Axial CT image shows the left pubis (P), 
intervening apophyseal cartilage and ossified apophysis 
(arrow). (Reproduced with permission from Robinson 
et al. 2011). (b) Axial T1-weighted FFE spectral inversion 
recovery fat suppression MR image shows low-signal 
subchondral pubic cortex (large arrowheads), intervening 
high-signal apophyseal cartilage and areas of endochon-

dral ossification (small arrowheads) merging with capsu-
lar tissues and rectus abdominis tendon (arrow). 
(Reproduced with permission from Robinson et al. 2007). 
(c) Sagittal ultrasound image shows irregular apophyseal 
ossification (arrow) and merging of the anterior capsular 
tissues (arrowheads), rectus abdominis (RA), adductor 
longus (AL) and its tendon (*). (Reproduced with permis-
sion from Robinson et al. 2011)
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The floor is made up of the rolled edge of the 
inferior margin of the external oblique aponeuro-
sis, i.e. the inguinal ligament. The medial fibres of 
the external oblique form the anterior wall, split-
ting into two fascicles at its insertion at the pubic 
tubercle to form the superficial inguinal ring. The 
posterior wall is formed by the transversalis fascia, 
in which there is a defect to form the deep inguinal 
ring. The roof is formed by the transversalis fascia, 
internal oblique and transversus abdominis (Omar 
et al. 2008; Chopra and Robinson 2016).

2.4  Iliopsoas Muscle

The iliopsoas muscle mainly functions as a hip 
flexor, with a lesser role in hip external rotation. 
The iliopsoas muscle is formed by the combina-
tion of psoas major and iliacus muscles. The psoas 

muscle originates from the transverse processes 
and the lateral aspect of the vertebral bodies of 
T12-L5. The iliacus muscle originates from the 
internal aspect of the iliac fossa. Both muscles 
combine at the level of the inguinal canal and cross 
anterior to the hip joint to get inserted onto the 
lesser trochanter (Fig.  6). Separate tendon inser-
tions have been described with the psoas major 
tendon located medially and the iliacus muscle lat-
erally. At the proximal myotendinous junction of 
the iliacus muscle, the tendon is divided into pos-
teromedial and anterolateral portions (Guillin et al. 
2009; Chopra and Robinson 2016).

Deep to the musculotendinous portion of the 
iliopsoas muscle is the iliopsoas bursa, which is 
the largest in the body, and communicates with 
hip joint in approximately 15% of individuals 
(Chopra and Robinson 2016).

3  Overview of Imaging 
in Groin Pain

Conventional X-rays and computed tomography 
(CT) may rarely help to evaluate hip and lower 
lumbar spine bony pathology which can mimic 
groin injury, but are largely superseded by the 
soft tissue detail provided by ultrasound and 
magnetic resonance imaging (MRI) in the inves-
tigation of athletic groin pain (Branci and 
Robinson 2014).

Ultrasound can exclude an inguinal hernia and 
iliopsoas bursitis as well as allow dynamic 
assessment of the groin including iliopsoas ten-
don snapping (Vasileff et al. 2017). This modality 
also allows diagnostic intervention with 
 anaesthetic infiltration which may help define the 
underlying cause of symptoms.

However, MRI is typically preferred because 
it provides assessment of low-grade soft-tissue 
oedema, bone marrow oedema and joint pathol-
ogy not readily accessed by ultrasound.

3.1  Ultrasound Protocol

The patient is scanned supine with hips abducted 
and externally rotated. A high-frequency 

Proximal insertion

MTJ of the proximal tendon

MTJ of the distal tendon

Fig. 2 Anatomical illustration of the three most common 
adductor longus injury locations. MTJ musculotendinous 
junction. (Reproduced with permission from Serner et al. 
2018a)
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(>14 MHz) linear array transducer is used to assess 
the pubic symphysis and rectus abdominis- 
adductor longus aponeurosis in both longitudinal 
and transverse planes (Figs. 1 and 5). The inguinal 
canal is also assessed with dynamic Valsalva 
manoeuvre (Robinson et al. 2006) (Boxes 1 and 2).

3.2  MRI Protocol

A dedicated MR protocol is advised in athletic 
groin pain investigation which should include 
both large and small field-of-view sequences.

Small field-of-view high-resolution imaging 
is preferred to assess the intricate structures of 

Box 1: Ultrasound
Ultrasound is useful in studies requiring a 
dynamic component, e.g. Valsalva manoeu-
vre for functionally assessing hernias, con-
ditions where colour or power Doppler 
imaging may be helpful, e.g. hip synovitis, 
and for guiding a range of percutaneous 
diagnostic and therapeutic procedures.

Box 2: Radiography/Computed Tomography
The indications for CT in athletes with pel-
vic, hip and groin pain are limited but 
include bony abnormalities at the symphy-
sis pubis (stress fracture or apophyseal 
abnormality) when MRI is inconclusive.

a b

Fig. 3 (a, b) Normal sagittal MRI anatomy of a 29-year- 
old male athlete (experienced previous pubalgia). (a) 
Sagittal T1-weighted FFE MR image shows the edge of 
fibrocartilaginous disc (D), interdigitating hyaline carti-
lage and pubic bone (black arrowheads). Anteriorly, the 
capsular tissues (white arrowheads) merge with the disc 
(D) and rectus abdominis tendon (white arrow). 
Pyramidalis present anteriorly (asterisk). (b) Lateral to 
image (a) pubic marrow and cortex (P) with thin layer of 

intermediate-signal hyaline cartilage (small arrowheads) 
closely applied to the anterior capsular tissues (between 
large white arrowheads). Merging with this tissue are the 
rectus abdominis tendon (RAb), pyramidalis (asterisk), 
superficial adductor longus tendon (arrows), deeper 
adductor longus muscle (AL) and adductor brevis (ABr) 
muscle. (Reproduced with permission from Robinson 
et al. 2007)
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the groin. An anterior surface coil is suggested 
with a slice thickness of 2 or 3 mm. As well as 
the usual conventional planes (coronal, sagittal, 
axial), oblique axial imaging in a plane parallel 
to the pelvic brim anterior tilt is recommended 
(Fig.  5). Larger field-of-view imaging of the 
pelvis can be performed to exclude other causes 
of pain in this region. With the advancements in 
MRI resolution, contrast is no longer considered 
necessary (Robinson et  al. 2011; Lee et  al. 
2017).

Our institution athletic groin protocol consists 
of six sequences: large field-of-view (400 × 400) 
coronal T1 and STIR sequences, axial T2 fat- 
saturated sequence followed by small field-of- 
view (using an anterior surface coil) sagittal T2 
fat-saturated and axial oblique T1 and proton 
density fat-saturated sequences (Fig. 5).

Zajick et al. describe similar protocols but add 
a small field-of-view axial oblique fat-saturated 
T2 sequence (Zajick et al. 2008). The Copenhagen 
MRI protocol consists of an eight-sequence pro-
tocol including STIR and T1 axial and axial 
oblique as well as T2 fat-saturated and proton 
density fat-saturated axial oblique sequences 
(Branci et al. 2015b) (Box 3).

4  Acute Groin Pain

4.1  Overview

The literature on acute groin injuries is often lim-
ited to case studies and general data that does not 
specify the individual structures involved. Most 

Box 3: Magnetic Resonance Imaging
In athletes this is the first-line imaging 
investigation for most causes of pelvic, hip 
and groin pain due to its high anatomical 
detail and ability to demonstrate a wide 
range of osseous and soft-tissue 
pathologies.

Pubic body bone marrow oedema and 
soft-tissue aponeurotic oedema (±tearing) 
are the most frequent findings in long- 
standing pain with more severe features 
correlating with symptoms. However 
milder features are a common finding in 
asymptomatic athletes due to chronic stress 
or previous healing following resolution of 
symptoms.

Fig. 4 Male cadaver 
dissection, normal 
anatomy, anterolateral 
view. Asterisks mark the 
centre of the symphysis 
pubis. The tendinous 
attachment of adductor 
longus (AL) to tissue 
overlying the anterior 
symphysis pubis is 
elevated by a pin and 
inferiorly outlined with 
arrows. Pyramidalis (P) 
is reflected to reveal 
rectus abdominis (RA). 
The medial margin of 
adductor brevis (AB) 
can be seen medial to 
adductor longus (AL). 
(Reproduced with 
permission from 
Robinson et al. 2007)
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literature covering the topic of groin injuries 
focuses on long-standing groin pain.

Understanding the mechanism of injury is 
essential in the clinical assessment of acute groin 
injury as certain muscle groups are more likely to 
be injured from a specific mechanism; for exam-
ple, rapid change in body direction is more likely 
to cause injury to the iliopsoas muscle while sud-
den kicking or sprinting is associated with higher 
rates of rectus femoris injury.

Despite the importance of clinical assessment 
and physical examination, imaging plays an 
important role in the management of acute groin 
injuries. With imaging, the exact site of injury 
can be determined. MRI is the gold standard 

imaging modality with good inter-observer and 
intra-observer reproducibility and the ability to 
detect pathology elsewhere in the pelvis. Plain 
radiography, computed tomography and ultra-
sound have a relatively limited role in the context 
of acute groin injury sports imaging.

Acute groin injuries can be divided into:

 1. Acute muscle-related injuries
 (a) Acute hip adductor injuries
 (b) Acute hip flexor and rotator muscle 

injuries
 2. Acute bone-related injuries
 (a) Pubic apophyseal injury
 (b) Pubic stress fracture

a

c

b

Fig. 5 (a–c) Normal anatomy, imaging. (a) Axial oblique 
T1w MR image shows pubic bodies (P) and the adductor 
group tendons (arrowheads) beginning to separate from 
the aponeurotic tissues (*). Normal iliopsoas tendons 
(small arrows). (b) Sagittal (short-axis) ultrasound image 
shows the inguinal canal (arrowheads) and contents (*) 
just medial to the deep ring at the level of inferior epigas-

tric vein (IEV). FV femoral vein. (c) Axial oblique ultra-
sound image shows the inguinal canal contents (*) at the 
level of the superficial ring (arrows) with adjacent pubic 
body (P) and capsular/aponeurotic tissues (arrowheads). 
(Reproduced with permission from Hardi and Robinson  
2019)
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4.2  Acute Groin Injury: Muscle-
Related Injuries

For acute muscle injuries, assessment with MRI 
is the imaging gold standard due to its superior 
spatial and contrast resolution, and ability to 
assess deep injuries and multiplanar image 
acquisition.

Imaging of the injured site is performed using 
a dedicated surface coil with a small field of view 
(FOV). T1-weighted imaging has a smaller role 
to play in the context of acute injuries; it can 
detect high-signal acute or subacute haematoma 
as well as established fatty infiltration and atro-
phy in chronic injuries.

The traditional acute muscle injury grading 
system categorises injuries on a scale from 1 to 3 
(Peetrons 2002). Injury severity ranges from only 
interstitial oedema at the myotendinous junction 
(grade I) with no architectural disruption or func-
tional loss to the most severe form with complete 
muscle fibre disruption at the myotendinous 
junction, or complete tendon avulsion from its 
bony attachment site, and complete functional 
loss clinically.

There are inherent problems associated with 
this grading system. It does not include grade 0 
injury where there is a clinical syndrome of acute 
muscle injury with negative imaging findings. 
The latter injury category is relevant as it is asso-
ciated with a quicker return to sport. Another 
problem of this grading system is the lack of 
precise prognostic information, which is neces-
sary for enhanced decision-making in the man-
agement of muscle injuries. Prognostic factors 
validated in the literature are predominantly for 
acute hamstring injuries and include injury dis-
tance from the muscle origin, length of muscle 
tear on MRI, cross-sectional area of oedema, ten-
don involvement and MR-negative injuries 
(Pollock et al. 2014).

Alternative muscle injury grading systems 
have been proposed, which attempt to provide 
better prognostic evidence to assist in 
classification.

The modified Peetrons (Ekstrand et al. 2012) 
classification is based on an original ultrasound 
(US) classification (Peetrons 2002) in footballers 
which has shown fair correlation with return to 
sport. This classification is widely used; however, 
its precise prognostic relevance is debatable in 
the literature (Ekstrand et al. 2012).

An alternative MR classification system was 
proposed by Chan et al. (2012) but there is also 
no inclusion of MR-negative muscle injuries in 
this classification.

The British Athletics Muscle Injury 
Classification (BAMIC) (Pollock et al. 2014) was 
developed to address the deficiencies of the above 
grading systems by having a more complex but 
clear anatomically focused diagnostic framework 
which utilises the available prognostic evidence 
to assist in classification. It includes grade 0 
injury, with 5 injury grades overall, 0–4. For 
grades 1–4, there is subdivision into a, b or c cat-
egories depending on the site of injury and degree 
of tendon involvement.

A prospective study (Wangensteen et al. 2018) 
evaluated the prognostic value of these three 
grading systems in acute hamstring injuries find-
ing moderate agreement for severity grading in 
MRI-positive injuries.

Proximal injury near the inserion of
the posterior-medial part of the iliacus

Distal MTJ of the posterior - 
medial part of the iliacus

Distal MTJ of the
psoas major

Fig. 6 Anatomical illustration of acute injury locations of 
the iliacus and psoas major. MTJ musculotendinous junc-
tion. (Reproduced with permission from Serner et  al. 
2018b)
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4.2.1  Acute Hip Adductor Muscle 
Injury

4.2.1.1  Anatomy and Mechanism of Acute 
Adductor Longus Injuries

The hip adductor muscles are made up of the 
short adductors, i.e. adductor longus, adductor 
brevis and pectineus, and the long adductors, i.e. 
adductor magnus and gracilis.

All the adductor muscles originate from the 
pubic and ischial bones and get inserted onto the 
femoral shaft posteromedially, except for gracilis 
which gets inserted onto the medial tibial plateau. 
The adductor longus muscle has a triangular 
muscle belly (Fig. 2). The proximal tendon, the 
most anterior of the adductor muscle group, 
blends with the contralateral adductor longus ten-
don across the midline and continues with the 
inferior fibres of the rectus abdominis muscle and 
pyramidalis at the pubic symphysis capsular 
attachment (Figs. 3, 4 and 5) (see anatomy sec-
tion previously). The adductor muscles play a 
major role when there is fast leg movement 
against resistance (e.g. kicking a ball) or sudden 
change in direction.

Clinically, adductor injury manifests as ten-
derness at the pubic bone and adductor origin 
with medial sided thigh pain and pain on both 
passive and active thigh adduction. Of all the 
adductor muscles, adductor longus is by far the 
commonest muscle to sustain injury.

Therefore, detailed analysis of the mechanism 
of injury, injury pattern and prevention pro-
grammes is of paramount importance in the con-
text of acute muscular groin injuries’ preventive 
strategies.

Football player actions have been categorised 
(Serner et al. 2019) into closed- and open-chain 
movements with triplanar hip movements. 
Closed-chain movements include change in 
direction and reaching, which involve hip exten-
sion and abduction while the hip is externally 
rotated. Kicking and jumping are classed as 
open-chain movements with hip flexion and 
adduction while the hip is externally rotated.

The combination of rapid muscle activation 
and increase in muscle tendon unit length is 

believed to be the major factor in the mechanism 
of injury. Accordingly, increasing muscle capac-
ity to withstand rapid loading at a lengthened 
state is key in the injury prevention (Serner et al. 
2019).

4.2.1.2  Acute Adductor Muscle Injury 
Pattern

A detailed classification system of acute adductor 
injuries is lacking in the literature. Serner et al. 
(2018a) studied 111 acute adductor injuries in 71 
athletes and concluded that acute adductor injury 
usually involves a single muscle but can also 
involve multiple adductor muscles. However, the 
combination of adductor muscle injury and injury 
in another muscle group in the groin is rare. Of 
the adductor muscle group injuries, the adductor 
longus is the most frequently affected muscle in 
isolation. When it is part of a combined adductor 
injury, adductor longus injury tends to be the 
most severely affected.

The adductor longus injury pattern can be 
divided into three main categories (Serner et al. 
2018a):

 1. At the proximal tendon inserting into the cap-
sule and anterior pubic body

 2. At the proximal myotendinous junction
 3. At the distal myotendinous junction

At the Proximal Insertion into the Capsule 
and Anterior Pubic Body
The proximal tendinous origin of the adductor 
longus is small (measuring about 2–4 cm), nar-
row and flat originating from the anterior aspect 
of the pubic bone in the angle between the pubic 
crest and symphysis pubis (Tuite et al. 1998). The 
distance between the medial border of both right 
and left adductor muscles is greater in women 
than men, secondary to the inherent difference in 
pelvic anatomy.

Injuries at this site are often of high severity 
(grade 3) representing complete tendon avulsion 
from its insertion (Figs. 7 and 8). Complete intra-
substance tendon tear can also be seen. These 
injuries are often associated with tendon retrac-
tion and a gap clinically. Sometimes, minimal 
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residual fibres result in minor retraction and no 
gap can be felt clinically, posing a clinical 
dilemma (Fig. 9).

This is where imaging can differentiate 
between a severe injury which needs longer reha-
bilitation and a minor one. Often extensive hae-
matoma of the groin, thigh, and external genitalia 
will be present (Fig. 7). An uncommon variant of 
adductor tendon avulsion has been described as 
complete avulsion of the adductor sleeve com-
plex, which includes adductor longus, pectineus 
and rectus abdominis (Tansey et al. 2015) which 

can be treated surgically and non-surgically 
(Fig. 7).

At the Proximal Myotendinous Junction
The adductor longus proximal myotendinous 
junction shows a sharp oblique line anteriorly. 
However, the posterior origin of the proximal 
muscle often consists of muscle fibres with no 
definite tendinous component. MRI studies of 
acute groin injuries showed that for proximal 
adductor longus myotendinous injuries, soft- 
tissue changes are noted anteriorly where the 

a b

Fig. 7 (a, b) Complete bilateral adductor avulsion. (a) 
Coronal T2w FS and (b) axial oblique PDw MR images 
show normal pubic bone marrow signal (*) with inferior 

haematoma, avulsed pectineus, adductor tendons (arrow-
heads) and haemorrhage tracking inferiorly into the thighs 
(arrows)

a b

Fig. 8 (a, b) Partial left adductor avulsion. (a) Coronal 
T2w FS MR image shows normal pubic bone marrow sig-
nal and partial adductor longus tendon tear and haemor-
rhage tracking inferiorly into the thigh (arrows). Normal 

right side (arrowhead). (b) Axial oblique PDw MR image 
shows the haematoma (*) and displaced left adductor ten-
don (arrows). Oedematous but intact right side 
(arrowhead)
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myotendinous junction is more well defined 
(Serner et al. 2018a).

The injury usually affects the attachment of 
the muscle fibres onto the intramuscular tendon 
giving a high signal “feathery appearance” on 
MRI as the blood products track along the edges 
of the torn muscle fibres (Fig. 9). Occasionally, 
the intramuscular tendon itself can be part of the 
injury often inferring a more severe injury (see 
classification summary above).

In the case of the adductor longus, this injury 
can affect the superficial tendon, where the proxi-
mal tendon first becomes intramuscular, approxi-
mately 1–2.5  cm from the insertion, and the 
intramuscular tendon, where it becomes entirely 
intramuscular 5.5–8  cm from the insertion 
(Fig. 9) (Serner et al. 2018a). Additional injury of 
the tendon itself is relatively rare and is suggested 
by waviness/redundancy to the contour of the 
tendon. In general, the myotendinous junction 
injuries of the proximal tendon are located at the 

anterior aspect of the intramuscular tendon 
(Serner et al. 2018a).

At the Distal Myotendinous Junction
The anatomy of the distal adductor longus ten-
don and its distal myotendinous junction is 
poorly defined in the literature. The fleshy mus-
cle belly inserts as an aponeurosis into the linea 
aspera. However, MR imaging using the current 
protocols does not clearly delineate the bound-
aries of the tendon at the distal myotendinous 
junction. When injury happens at this site, 
oedema is often seen at the proximal part of the 
distal myotendinous junction (Fig.  10) (Serner 
et al. 2018a).

There is a possible overlap between the clini-
cal presentation of the proximal and distal myo-
tendinous junction injuries because of the 
expansion of the muscle oedema proximally from 
a distal injury and vice versa. The injury can also 
occur midway between the proximal and distal 

a

c

b

Fig. 9 (a–c) Partial right adductor longus tendon and 
proximal myotendinous tear. (a) Coronal T2w FS and (b) 
axial oblique PDw MR images show partial adductor lon-
gus tendon tear (arrows). Haematoma and minor reactive 
bone marrow oedema (small arrowheads). Normal left 

side (large arrowhead). (c) Axial oblique PDw MR image 
inferior to (b) shows the proximal myotendinous injury 
with low-signal tendon (arrow) and muscle haematoma 
(arrowheads)
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parts of the muscle. All these factors can lead to 
confusion about the site of injury on clinical 
examination with implications on treatment and 
recovery.

4.2.1.3 Other Adductor Muscle Injuries
Involvement of other adductor muscles is less 
common than adductor longus injury.

Gracilis injury tends to be in combination with 
adductor longus muscle; however, when it hap-
pens in isolation it usually involves the distal 
myotendinous junction causing posterior thigh 
pain. A similar injury pattern is observed for 
adductor magnus.

Injury to the pectineus muscle tends to involve 
its distal part in the vicinity of the iliopsoas mus-
cle, making differentiation between injuries of 
these two different muscle groups rather difficult 
clinically (Fig. 7).

4.2.2  Acute Hip Flexor and Rotator 
Muscle Injury

One-third of acute groin injuries in athletes affect 
the hip flexors (Serner et al. 2018b). A detailed 
description of rectus femoris injury is dealt with 
in chapter on muscle injuries covering acute 
muscle injury. Other small hip rotator muscle 
injuries including the obturator muscles can 
present with acute groin pain (Fig. 11).

4.2.2.1 Iliacus and Iliopsoas Injury
Acute psoas injuries usually occur in combina-
tion with iliacus injuries. The majority of injuries 
occur at the myotendinous junction, with the ilia-
cus muscle injury occurring slightly more dis-
tally (Fig. 12). Tendon injuries, unlike with rectus 
femoris injuries, occur less frequently.

There is conflicting evidence in the literature 
on the incidence of combination muscle group 
injuries in the groin. A combination of adductor 
and iliopsoas injury is considered the most com-
mon by one study (13%) (Serner et  al. 2015a) 
whereas another study (Serner et  al. 2018b) 
found that such a combination is unlikely to 
occur. However, in our experience iliopsoas mus-
cle injuries usually occur in isolation.

4.3  Correlation Between Clinical 
Examination and MR Findings 
in Acute Muscle Injuries

Physical examination plays a big part in the 
assessment of acute groin injury. Exacerbation of 
pain upon passive adductor stretching or resistive 
thigh adduction is highly suspicious for adductor 
injury whereas iliopsoas-related pain is usually 
associated with aggravated pain by rising from 
squatting or sitting positions.

a b

Fig. 10 (a, b) Distal right adductor longus myotendinous 
tear. (a) Coronal T2w FS and (b) axial oblique PDw MR 
images show distal muscle haematoma (arrow) with 

haemorrhage decompressing into the muscle fascia 
(arrowheads) and adjacent normal blood vessels (*)
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Combination of multiple muscle injuries 
within the same group, or from different groups, 
is not uncommon. Only imaging can accurately 
delineate the affected muscles in these situations. 
Imaging can also reveal stress-related pubic bone 
marrow oedema, widening or avulsion of the 
pubic apophysis. This information can dictate the 
type of treatment, duration of rehabilitation and 
prognosis.

Diagnostic terminology in acute groin inju-
ries is less heterogeneous than in chronic inju-
ries. Serner et  al. (2016) examined the 
correlation between clinical examination find-

ings and presence and location of MR findings 
in three muscle groups around the hip: hip 
adductors, hip flexors and abdominal muscles. 
No valid data was obtained for abdominal mus-
cle group due to the small sample size. Three 
types of pain provocation tests were used: pal-
pation, muscle resistance and stretch tests.

When all tests are negative, there is a very 
low probability to find an acute lesion on MRI 
(0% for hip adductors and 7% for hip flexors). It 
is harder to predict a negative MR when some 
tests are positive, and some are negative, in 
which case the results of individual test should 

a

b c

Fig. 11 (a–c) Acute left obturator internus muscle tear 
and asymptomatic bilateral symphysis pubis and capsule/
aponeurosis change. (a) Axial T2w FS MR image shows 
low-grade left obturator internus muscle oedema (arrows). 

(b) Axial oblique PDw and (c) coronal T2w FS MR 
images show chronic oedema in the capsule/aponeurosis 
(arrows) and low-grade left pubic bone marrow oedema 
(*)
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be considered. Palpation showed the highest 
probability of a negative MR finding when the 
examination is negative (negative predictive 
value of 91% for hip adductors and 96% for hip 
flexors). Based on the above, it is highly unlikely 
to have positive MR findings when all examina-
tions are negative, or if there is no pain on palpa-
tion of the hip adductor and flexor muscle 
examination.

When all clinical examination tests are posi-
tive, there is a high probability of a positive MR 
finding (positive predictive value of 83% for hip 
adductors and 86% for hip flexors). The best tests 
are resisted outer range adduction, adductor 
stretch and squeeze test in hip-neutral position.

In predicting injury location in MRI-positive 
cases, the highest positive predictive value 
(100%) for a positive MR finding in hip adduc-
tors was obtained when all hip adductor tests 
were positive.

Lower positive predictive values are noted for 
hip flexors (71% and 43% for iliopsoas and rec-
tus femoris muscles, respectively). This means 
that even when all test results are positive, clini-
cians cannot be completely confident of the 
localisation of injury to the hip flexor group. 
Therefore, imaging may be needed if more confi-
dence is required to aid treatment and 
rehabilitation.

4.4  Acute Groin Injury: Bone-
Related Injuries

4.4.1  Pubic Apophysitis and Avulsion 
Fractures

Pubic apophysitis is a subacute stress reaction at 
the secondary growth centre of the pubic bone. 
Apophyseal avulsion is an acute injury caused by 
extreme, unbalanced and often eccentric muscle 
contraction. These injuries usually develop at any 
age before closure of the growth plate.

4.4.1.1 Apophyseal Anatomy
The pubic symphysis is the last component of the 
human skeleton to achieve maturation. Its sec-
ondary ossification centres appear during puberty 
and physeal closure is achieved in the third 
decade of life. Following the physeal closure, 
continuous remodelling happens until full matu-
rity around the age of 45  years. Studying the 
maturation of the pubic apophysis is used in both 
physical and forensic anthropology to determine 
age-at-death of skeletal remains (Meindl et  al. 
1985).

Cadaveric (Robinson et al. 2007) and imaging 
studies have described the anatomy of pubic 
apophysis as extending from the antero-medial 
pubis to the lateral limit of the capsular tissues 

a b

Fig. 12 (a, b) Acute iliopsoas myotendinous tears. Two 
different athletes. (a) Axial T2w FS MR image shows 
right iliopsoas myotendinous oedema (arrow). (b) Sagittal 

T2w FS MR image shows left iliopsoas myotendinous 
oedema (arrows) with some focal areas of fibre separation 
(arrowhead)
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closely applied to the fibrocartilaginous disc, 
capsular tissues and deeper subchondral bone 
(Fig. 1). The medial aspect of the physeal plate is 
intra-articular and the symphyseal articular cor-
tex is undulating and ill defined in appearance. 
The normal physeal plate is uniform in thickness 
and MR signal, and often symmetrical on both 
sides (Fig. 1).

A staging system has been proposed in the lit-
erature to describe the maturation status of the 
pubic apophysis, with four developmental groups 
depicted (Sailly et al. 2015):

Stage 1: Open apophyseal plate without second-
ary ossification centre

Stage 2: Open apophyseal plate with secondary 
ossification centre

Stage 3a: Closed apophyseal plate without sec-
ondary ossification centre

Stage 3b: Closed apophyseal plate with remain-
ing secondary ossification centre

Generally speaking, physeal maturation starts 
at the age of 16 years and is complete at the age 
of 21 years (Sailly et al. 2015). Typically, between 
these years athletes may develop pubic apophy-
seal injuries.

Chronic pubic stress from sports may delay 
the age of the physeal plate closure by compro-
mising the blood supply at the metaphysis and 
preventing the development of the provisional 
zone of calcification. This results in widening of 
the metaphyseal plate which could be uniform, 
focal or mixed. The widened physeal plate is 
more prone to additional injury, including separa-
tion and avulsion. Sometimes, persistent non- 
closure can happen and separate ossicles can be 
seen at the inferomedial aspect of the symphysis 
pubis normally in adults.

Acute avulsion injuries are not common and 
result from sudden, forceful and unbalanced con-
traction of the attached muscle group resulting in 
severe pain and loss of function while engaged in 
a sport activity. It has been described in foot-
ballers during kicking the ball and tackling with 

forced hip abduction, and in other sports like 
sprinters, baseball and track athletes.

Chronic or stress-related avulsion injuries are 
the result of repetitive microtrauma or overuse 
causing repetitive traction on the developing 
apophysis. Avulsion injuries can be associated 
with chronic non-union.

4.4.1.2 Diagnosis
Apophyseal fractures can pose a diagnostic diffi-
culty due to their relatively low incidence, consti-
tuting about 4% of all pelvic fractures (Pogliacomi 
et al. 2014), and 1.4% of all fractures in young 
athletes (Calderazzi et  al. 2018). When cited in 
the literature, pelvic avulsion fractures are  limited 
to five principal sites: anterior superior iliac 
spine, anterior inferior iliac spine, ischial tuber-
osity, iliac crest and lesser trochanter. Pubic 
apophyseal injuries are only sporadically men-
tioned in the literature.

Pubic apophysitis is a combined clinico- 
radiological diagnosis. Pain in the pubic area in 
athletes can be vague and due to many causes. 
Furthermore, coexisting adductor tendinopathy 
can be present. Imaging alone is not useful either, 
as low-grade stress changes in the pubic bone are 
not uncommon in asymptomatic individuals. 
Therefore, the combination of relevant clinical 
history, examination and suggestive imaging 
findings of active stress changes, metaphyseal 
widening, separation or avulsion is required to 
make the diagnosis. Physical findings include 
tenderness over the symphysis pubis and proxi-
mal adductor origin, pain with adductor stretch-
ing and resisted hip adduction.

Some authors (Sailly et al. 2015) believe that 
CT provides the best depiction of the symphysis 
pubis both on axial and coronal views, allowing 
assessment of stress-related signs such as unilat-
eral physeal plate widening, asymmetric irregu-
larities and subchondral cysts. Avulsion fractures 
can also be seen clearly on CT (Fig. 13). However 
due to the radiation dose in this young age group, 
the use of CT is restricted for equivocal cases 
with non-conclusive MRI findings.
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MRI is the best modality to examine the sym-
physis pubis. It can demonstrate widening of the 
physeal plate with hyperintensity on fluid- 
sensitive sequences, which could be diffuse or 
focal, unilateral or bilateral. Subchondral marrow 
oedema along the metaphyseal side can also be 
seen (Fig. 13). When there is physeal separation, 
a partial or complete thin longitudinal hyperin-
tense line along the physeal plate is seen in keep-
ing with non-displacement. Chronic avulsions on 
the other hand can show remodelling changes 
with aggressive appearance on imaging like lysis 
and rarefaction and can therefore be confused 
with infection or a neoplastic process (Stevens 
et al. 1999).

4.4.1.3 Management
Due to the relative rarity of pelvic apophyseal 
fractures in general, and pubic apophyseal frac-
tures in particular, evidence-based guidelines on 
best treatment do not exist (Sailly et  al. 2015); 
conservative antalgic management was followed 
successfully without any early recurrence, based 
on reduction of the mechanical loading on the 
adductor muscles.

4.4.2  Pubic Stress Fractures
A stress fracture is a fatigue fracture of bone 
when exposed to repetitive stress, which is not 
sufficient to cause a fracture in a single loading 
(Vanhoenacker 2021).

Pelvic stress fractures are rare, representing 
1.6–7.1% of all stress fractures (Behrens et  al. 
2013). Common sites for injury include sacrum, 
inferior pubic ramus and femoral neck (Liong 
and Whitehouse 2012). A rare fracture of the iliac 
bone has been described (Vitale et  al. 2019). 
Pubic rami fractures can cause pain in the ingui-
nal, perineal and adductor regions.

MRI is the gold standard for the diagnosis of 
stress fractures. On T1, a low-to-intermediate 
signal intensity fracture line can be seen. Along 
the fracture line, bone marrow oedema shows on 
T2 sequences as high signal (Fig. 14). MRI sever-
ity grading is described in Table 1.

a b

Fig. 13 (a, b) Apophyseal injury. (a) Axial oblique T2FS 
MR image and (b) coronal reformatted CT image of a 
16-year-old soccer player with severe left-sided pain show 
severe left pubic body and ramus bone marrow oedema 
with adjacent soft-tissue oedema (small white arrowhead 

MRI). The apophyseal junction is ill defined and widened 
(large arrow, CT) and of high signal (small arrow, MRI). 
(Reproduced with permission from Hardi and Robinson  
2019)

Fig. 14 Right pubic body stress fracture. Axial oblique 
T2FS MR image shows severe right pubic body with 
small intrasubstance trabecular fracture (arrow). Note that 
the left pubic body has no bone marrow oedema
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4.5  Management and Prevention 
of Acute Groin Injuries

Multiple studies have evaluated the efficacy of 
different treatment strategies for groin injuries. 
The majority of these studies investigated long- 
standing groin pain and very little information is 
known about acute groin injuries.

A systematic review examined the available 
best evidence on the treatment of groin pain in 
athletes (Serner et  al. 2015b). After exclusions, 
72 studies were reviewed. Only 4 (6%) of these 
studies were of high quality and were examined 
in detail. In these studies, there were multiple 
treatment strategies with no strong evidence to 
support any particular strategy.

Serner et al. (2019) have proposed strategies 
to prevent adductor muscle injuries. One of these 
is the adoption of eccentric training which is 
believed to cause remodelling to the extracellular 
matrix and addition of sarcomeres in series 
within the muscle. This leads to the increase of 
muscle fascicle length, and shift in the angle of 
peak torque to longer muscle lengths resulting in 
a reduction in total passive tension.

A second strategy is to focus on strengthening 
the myotendinous junction of the adductor longus 
as this is the commonest site of injury. Animal 
models showed that high-intensity load increases 
branching at the myotendinous junction with better 
force distribution capacity in high-load exercises.

The role of the synergistic muscle groups 
around the adductor longus muscle has also been 
found to play a part in injury mechanism by reduc-
ing the load on the latter. These muscle groups 

include the anterior and posterior chain muscles 
assisting in the open- and closed-chain move-
ments, respectively. Among the many synergistic 
groups are the hip flexors, hip extensors, knee 
extensors, trunk rotators and trunk lateral flexors.

5  Long-Standing Groin Pain

5.1  Overview

The complex anatomy, overlapping similar clini-
cal presentations as well as the varied terminol-
ogy used by radiologists and clinicians, has often 
led to diagnostic confusion around the common 
presentation of long-standing groin pain. Some 
of the terms used previously include sports her-
nia, sportsman’s hernia, pubalgia, Gilmore’s 
groin, adductor dysfunction and osteitis pubis 
(Omar et al. 2008; Weir et al. 2017).

Unfortunately, terminology for radiological 
signs can also be confusing and overlapping 
(Weir et al. 2017).

To streamline and standardise the terminology 
related to groin pain, an expert panel termed the 
2014 Doha consensus produced recommenda-
tions that long-standing (non-acute) athletic 
groin pain should be clinically categorised into 
the following (Weir et al. 2015):

 1. Adductor related
 2. Pubic related
 3. Inguinal related
 4. Iliopsoas related
 5. Other including hip related (Mascarenhas et 

al. 2020)

Long-standing groin pain is widely thought to 
propagate after an initial low-grade injury which 
alters the complex biomechanical stresses on the 
pelvis (Madani and Robinson 2019). The litera-
ture shows that the most common imaging find-
ings are abnormalities in the pubic bone marrow, 
adductor/rectus aponeurosis and pubic symphy-
sis capsular attachment sites, and therefore we 
will focus on these areas.

Table 1 MR grading of stress fractures (Arendt and 
Griffiths 1997)

Grade of 
injury MRI findings
I STIR positive
II STIR and T2-weighted positive
III T1- and T2-weighted positive without a 

fracture line
IV T1- and T2-weighted positive with a 

fracture line
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5.2  Adductor-Related Groin Pain

The most common clinical cause of groin injury 
found in larger series involves the adductor lon-
gus muscle (Koulouris 2008).

5.2.1  Pathophysiology
As described, the rectus abdominis-adductor lon-
gus aponeurosis is key to the biomechanics of the 
pubic symphysis (Koulouris 2008). The two mus-
cles are antagonists to each other; contraction of 
the rectus abdominis and pyramidalis muscles 
places a posterior and superior force on the pubis 
and elevates the pubic region. In contrast, the 
adductor longus muscle has an anterior-inferior 
force vector (Omar et al. 2008).

Any disorder of either the common adductor- 
rectus abdominis origin or the pubic symphysis 
predisposes the other to failure. More commonly, 
the adductor longus fails and this leads to an 
increased load on the rectus abdominis muscle, 
which is smaller. Subsequently when both the 
adductor longus and rectus abdominis fail, the 
pubic symphysis can become relatively unbal-
anced (Koulouris 2008).

Failure of the common adductor-rectus abdom-
inis aponeurosis can also disrupt the attachment of 
the inguinal canal posterior wall onto the anterior 
rectus sheath, resulting in posterior inguinal wall 
deficiency and rarely a direct inguinal hernia 
(Koulouris 2008; Robinson et al. 2011).

The most commonly injured area of the adduc-
tor longus is the proximal tendon myotendinous 
junction. Studies using cadaveric dissection have 
shown that the posterior part of the proximal 
myotendinous junction is less developed than the 
anterior part, and posteriorly the muscle attaches 
directly to bone and capsule (Omar et al. 2008).

5.2.2  Clinical Findings
As described by the 2014 Doha consensus, 
adductor tenderness (medial thigh) and pain on 
passive adductor stretching or resisted adduction 
testing should be elicited on examination (Weir 
et al. 2015; Madani and Robinson 2019).

5.2.3  Imaging Findings
Many described imaging findings in adductor- 
and pubic-related groin pain overlap.

A systematic review by Branci et  al. found 
that the most commonly identified imaging find-
ings in adductor and symphyseal groin pain are 
pathological changes at the adductor muscle ori-
gin, presence of a ‘secondary cleft’ sign, degen-
erative changes at or around the pubic symphysis 
joint and pubic bone marrow oedema. However 
other studies have shown that a number of these 
findings can occur in asymptomatic athletes and 
in the right clinical context are incidental. 
Adductor longus tendon thickening and 
 ‘degenerative changes’ in particular are non-spe-
cific. We have simplified and combined the find-
ings as there is much overlap:

Imaging features of long-standing adductor- 
related groin pain:

 1. Pathological changes at the common adductor- 
capsule- rectus abdominis aponeurosis 
(including features described radiologically 
as ‘secondary cleft’ sign, PLAC, plate, enthe-
sis and aponeurotic injuries)

 2. Pubic bone marrow oedema

5.2.3.1  Pathological Changes 
at the Common Adductor-
Capsule-Rectus Abdominis 
Aponeurosis

The adductor origin does not just involve the ten-
don but its junction with symphysis pubis, joint 
capsule and aponeurosis of the other converging 
soft-tissue structures (e.g. pyramidalis, rectus 
abdominis and inguinal canals). Tendinopathy is 
poorly demonstrated on ultrasound by a 
hypoechoic and thickened tendon. It is much bet-
ter visualised on MRI by high signal at the 
 adductor enthesis. Partial tears will be identified 
by focal anechoic areas on ultrasound and by 
focal high signal on MRI.  Full-thickness tears 
may be diagnosed if tendon/muscle retraction is 
identified but are rare in long-standing pain. 
Enhancement/oedema of the adductor enthesis 
and abnormal anterior pubis has been shown to 
correlate with athlete’s symptoms (Koulouris 
2008; Robinson et al. 2004).

The physiological cleft in the symphysis pubis 
is referred to as the primary cleft. Brennan et al. 
first described the ‘secondary cleft’ as a fluoros-
copy finding with a contrast-outlined cleft 
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extending from the primary cleft into the adduc-
tor enthesis. The same finding is identified on 
MRI as linear T2 high signal adjacent to the 
pubic body, best seen on coronal sequences 
(Figs. 15, 16 and 17). This high signal is due to 
tearing of the unilateral rectus abdominis/adduc-
tor aponeurosis capsular attachment. It is thought 
to occur because of chronic distraction forces on 
the pubic rami and on the rectus abdominis/
adductor longus aponeurosis (Brennan et  al. 
2005; Cunningham et  al. 2007). Tearing or 
oedema at this same junctional area has been 
described as PLAC, plate, enthesis and aponeu-
rotic injuries/defects and highlights the need for a 
common terminology (Figs.  16, 17 and 18) 

(Shortt et  al. 2008; Schilders et  al. 2007; Weir 
et al. 2017).

5.2.3.2 Pubic Bone Marrow Oedema
Pubic marrow oedema and degenerative changes 
have been demonstrated in both clinical adduc-
tor- and pubic-related groin pain and it is there-
fore not a completely reliable localising MRI 
sign (Chopra and Robinson 2016; Branci et  al. 
2015a). Pubic marrow oedema can also be fre-
quently seen in asymptomatic elite athletes 
(Fig. 11) (Robinson et al. 2016). This finding, as 
well as apparent tearing of the rectus abdominis/
adductor longus aponeurosis (Fig. 11) and persis-
tent adjacent soft-tissue oedema, can also be seen 

a b

Fig. 15 (a, b) Long-standing right groin pain. (a) Coronal 
T2w FS and (b) axial oblique PDw MR images show 
moderate right pubic bone marrow oedema (*) and partial 

capsule/aponeurosis tear with moderate oedema (arrow) 
which extends across the anterior capsule to the left side 
on the axial oblique image (arrows)

a b

Fig. 16 (a, b) Long-standing left groin pain. (a) Coronal 
T2w FS and (b) axial oblique PDw MR images show no 
pubic bone marrow oedema and low-grade partial 

capsule/aponeurosis tear with oedema (arrow) between 
the pubic cortex (P) and low-signal aponeurosis of 
adductor longus and gracilis (arrowheads)
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in post-surgical patients which may mimic true 
pathology. Therefore, careful correlation with the 
history and examination has to be undertaken 
prior to coming to a diagnosis with implications 
for treatment.

5.3  Pubic-Related Groin Pain

5.3.1  Pathophysiology
Particularly in sports in which there are repeated 
torsional shearing forces, the pubic symphysis is 
susceptible to overuse injury and degeneration 

(Chopra and Robinson 2016). The term ‘osteitis 
pubis’ has been phased out of use in recent times 
as it is a purely descriptive term which can be due 
to many varied causes.

5.3.2  Clinical Findings
The 2014 Doha consensus agreed that there 
should be local tenderness of the pubic symphy-
sis and the immediately adjacent bone. The group 
felt that there was no particular resistance test 
that specifically provoked symptoms related to 
pubic-related groin pain that could be used in 
conjunction with palpation (Weir et al. 2015).

a b

Fig. 17 (a, b) Bilateral long-standing groin pain (left > 
right). (a) Coronal T2w FS shows moderate bilateral 
pubic bone marrow oedema (white asterisk) and low- 
grade adductor capsule/aponeurosis oedema (arrow). (b) 
Axial oblique PDw MR image at an inferior level shows 

more marked right pubic bone marrow oedema (black 
asterisk), low-signal intact gracilis origin/aponeurosis 
(arrowheads) but marked oedema (arrow) on the left at the 
junction with the left pubic cortex with loss of cortical 
definition

a b

Fig. 18 (a, b) Bilateral long-standing groin pain (right > 
left). (a) Coronal T2w FS and (b) axial oblique PDw MR 
images show marked bilateral pubic bone marrow oedema 

(right > left) and low-grade oedema between the pubic 
cortices and low-signal aponeurosis of adductor longus 
and gracilis (arrowheads)
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5.3.3  Imaging Findings
Ultrasound has limited use because only the ante-
rior surfaces of the pubic joint are visualised, and 
these can have normal physiological or degenera-
tive remodelling (Fig. 1) (Madani and Robinson 
2019; Kunduracioglu et al. 2007).

Pubic bone oedema is thought to be due to 
mechanical overload of the pubic symphysis. As 
mentioned, the clinical symptoms should corre-
late as mild-to-moderate pubic bone oedema can 
be seen in non-symptomatic athletes who undergo 
repetitive loading of this area in training (Figs. 18 
and 19). Studies have shown that increased/more 
severe degrees of marrow oedema correlate with 
increased symptoms (Figs.  18 and 19) (Verrall 
et al. 2001). Stress fractures should be considered 

and excluded when bone marrow oedema is 
severe and predominantly unilateral (Fig. 14). In 
symptomatic adolescent elite athletes apophyseal 
injury should be considered (Fig.  13) (Sailly 
et al. 2015) (see “Acute Injury” Sect. 4.4).

5.4  Inguinal Related Groin Pain

5.4.1  Pathophysiology
There are multiple confusing clinical terms and 
syndromes described for inguinal pain. Koulouris 
describes both anterior and posterior acquired 
inguinal canal functional weakness or ‘defi-
ciency’ which occurs in around 15% of athletes 
with groin pain (Koulouris 2008). The Manchester 

a

b

c

Fig. 19 (a–c) Pubic bone marrow oedema. (a) 25-Year- 
old professional soccer player with left-sided symptoms. 
Coronal T2FS MR image shows marked left pubic 
oedema (*), intact capsule/aponeurosis (arrow) and mini-
mal soft-tissue oedema (arrowheads). (b) 18-Year-old 
professional soccer player with bilateral symptoms. Axial 
T2FS MR image shows moderate-to-severe left pubic 

oedema (arrow) and mild-to-moderate right pubic oedema 
(arrowhead). (c) 17-Year-old professional soccer player 
with no symptoms. Axial oblique T2FS MR image shows 
mild left subchondral pubis oedema (arrowheads) and 
normal right pubis. (Reproduced with permission from 
Hardi and Robinson  2019)
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Consensus Conference expert panel coined the 
term ‘inguinal disruption’ to describe this ‘pre- 
hernial’ entity (Sheen et al. 2014).

5.4.1.1 Anterior Inguinal Wall Deficiency
This is a result of degeneration and partial tearing 
of the external oblique aponeurosis, leading to 
dehiscence between the inguinal ligament and 
causing superficial inguinal ring dilatation. 
Tenderness is elicited at the superficial inguinal 
ring, and pain is reproduced when kicking, sprint-
ing, externally rotating the hip and increasing 
intra-abdominal pressure.

Positive diagnostic imaging findings are rarely 
seen, and therefore anterior inguinal wall defi-
ciency is a clinical diagnosis and a radiologic 
diagnosis of exclusion (Koulouris 2008; Chopra 
and Robinson 2016).

5.4.1.2 Posterior Inguinal Wall Deficiency
This is a result of degeneration and weakness of 
the transversus abdominis and internal oblique 
muscles. Medially, split tears just lateral to the 
rectus abdominis muscle occur, and further 
micro-injury and poor healing cause the posterior 
inguinal wall to weaken. This can cause mass 
effect on the spermatic cord during straining. 
Subsequently, this can lead to a direct inguinal 
hernia, but actual herniation is rare in athletes. 
Rectus abdominis abnormalities are often seen in 
association with posterior inguinal wall defi-
ciency as the posterior inguinal wall attaches 
onto the anterior sheath of the rectus abdominis 
muscle. This can be assessed by dynamic ultra-
sound as described below.

5.4.2  Clinical Findings
The Doha 2014 consensus agreed that inguinal 
related groin pain could be identified if the pain 
was located in the inguinal canal region and there 
was tenderness of the inguinal canal elicited. No 
palpable inguinal hernia should be present. The 
group agreed that inguinal related groin pain is 
more likely if the pain is aggravated with resis-
tance testing of the abdominal muscles or on 
Valsalva/cough/sneeze (Weir et al. 2015).

5.4.3  Imaging Findings
Imaging in this patient group is controversial as 
studies have shown no reproducible results for 
certain clinical or imaging findings. In theory 
ultrasound should be the best modality to dynam-
ically visualise the inguinal and femoral canals. 
As discussed, true femoral or inguinal hernias are 
rare in athletes, and it is posterior wall deficiency 
that is more pertinent to identify. This is demon-
strated by posterior inguinal wall excessive move-
ment, or laxity which correlates with the side of 
symptoms and is asymmetrical with the opposite 
side. However, these findings remain non-specific 
as they have been found in asymptomatic ath-
letes, necessitating thorough clinical assessment 
(Sheen et al. 2014; Robinson et al. 2016).

MRI has less of a role in imaging for inguinal 
canal-related pain and is used to assess the sym-
physis pubis and the common adductor-capsule- 
rectus abdominis.

5.5  Iliopsoas-Related Groin Pain

This is the least common cause of groin pain. 
Chronic injury related to the iliopsoas is most 
likely to occur in sports in which there is repeated 
hip flexion and external rotation of the thigh 
(Chopra and Robinson 2016).

5.5.1  Clinical Findings
The 2014 Doha consensus agreed that iliopsoas- 
related groin pain is more likely if there is pain on 
resisted hip flexion and/or pain on stretching the 
hip flexors (Weir et al. 2015).

5.5.2  Imaging Findings
Ultrasound and MRI both provide information 
about the iliopsoas tendon and bursa.

Iliopsoas bursitis, due to overuse and friction 
of the iliopsoas tendon as it slides over the ilio-
pectineal eminence of the pubis, can be identified 
as a well-defined, fluid-filled acute bursa or thick- 
walled complex chronic bursa (Fig.  20). This 
may or may not be in continuation with the joint 
space (Wunderbaldinger et al. 2002). Ultrasound 
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can also assess for iliopsoas snapping tendon 
(Chopra and Robinson 2016).

5.6  Overview of Treatment 
of Long-Standing Groin Pain

Surgery was traditionally the first-line treatment 
for athletes with long-standing groin pain. 
Research has now shown that a dedicated multi-
disciplinary approach with rehabilitation, anti- 
inflammatory treatment and physiotherapy 
should be the focus of management (Sheen et al. 
2014; Elattar et al. 2016; Hölmich et al. 1999).

Ultrasound-guided injections of local anaes-
thetic, steroid or PRP into the adductor origin and 
pubic symphysis can provide short- to mid-term 
symptom relief, which may allow more effective 
rehabilitation (Schilders et al. 2009).

5.6.1  Adductor Strengthening 
in Groin Injury Prevention 
Programme

Adductor injures are the major part of the overall 
groin injuries, accounting for 69% (Hölmich 
2007), and the adductor longus is injured in 90% 

of these cases (Werner et al. 2009; Harøy et al. 
2017a).

Studies have found that reduced strength of hip 
adductors is an important modifiable risk factor for 
subsequent groin injury (Engebretsen et al. 2010). 
Players with groin pain demonstrated a reduced 
eccentric strength of the hip adductors by about 
20% (Thorborg et al. 2014). Previous groin inju-
ries with poor rehabilitation are found to be a risk 
factor for further injuries (Arnason et al. 2004).

Various hip adductor exercises have been exam-
ined in the literature. The Copenhagen Adduction 
(CA) exercise has been shown to contribute to high 
activation of the adductor longus muscle (Serner 
et al. 2014) and eccentric adductor strength gains 
(Harøy et al. 2017b). An 8-week intensive CA pro-
gramme resulted in a 36% eccentric hip adduction 
strength (Ishøi et al. 2016), compared to 8% increase 
for a less intensive 8-week programme (Harøy et al. 
2017b). It is possible that a higher intensity protocol 
would further reduce groin injury risk but this needs 
further exploration.

Based on the above, CA or the modified CA 
programme is potentially classed among the best 
exercises for the prevention of adductor-related 
groin injuries in football.

Fig. 20 Iliopsoas bursitis. 23-Year-old soccer player with 
right-sided pain. Axial T2FS MR image shows marked 
oedema and bursitis (arrowheads) surrounding both the 
psoas (large arrow) and iliacus (small arrow) components 

of the iliopsoas tendon anterior to a normal hip joint. Note 
the normal pubic apophyses (small white arrowheads). 
(Reproduced with permission from Hardi and Robinson  
2019)
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6  Summary

Athletic groin injury can be a common yet chal-
lenging clinical entity to diagnose given the simi-
lar clinical presentations, complex intricate 
anatomy and confusing terminology used to 
describe this entity. Imaging strategies evaluate the 
symphysis pubis and surrounding rectus abdomi-
nis-adductor longus aponeurosis focusing on 
oedema and tearing. However milder or isolated 
changes in these areas can be seen in asymptom-
atic athletes normally. Imaging findings appear to 
be more specific when severe and involving both 
bone and soft tissue structures.

Things to Remember
 1. Groin injuries are the commonest cause of 

acute and chronic injuries in a wide range of 
sports, especially those involving kicking and 
sudden changes of direction. Great diagnostic 
difficulties exist reflecting the fact that previ-
ous clinical causes of groin pain have used 
confusing terminology, possibly reflecting 
clinical prejudice.

 2. In imaging terms MRI is the most effective 
tool being sensitive to bone and soft-tissue 
oedema involved in acute and long-standing 
injury. However milder bone and soft-tissue 
oedema are a common finding in asymptom-
atic athletes due to chronic stress or previous 
healing following resolution of symptoms.

 3. Acute soft-tissue injury typically involves the 
adductor longus tendon and myotendinous 
junctions.

 4. For more long-standing groin pain the con-
cept of an anatomical and functional relation-
ship between the rectus abdominis-adductor 
longus aponeurosis and the symphysis pubis 
and its capsule provides a unifying concept 
for groin injuries in athletes. The inguinal 
ligament is inseparable from the superolateral 
attachment of the aponeurosis; however posi-
tive imaging findings are typically confined to 
the symphysis pubis and aponeurosis with no 
reliable primary imaging abnormality of the 
inguinal canal itself.
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Abstract
Hip and groin pain in athletes is common and 
clinical presentation is often non-specific. 
Causal pathology represents a complex sce-
nario in athletes, with improper diagnosis 
serving as a cause of delayed return to sports.

Radiologists play an essential role in guid-
ing the work-up of athletes with hip pain. This 
chapter provides an overview on hip and pel-
vis anatomy and biomechanics and discusses 
strategies for imaging assessment. Magnetic 
resonance imaging (MRI) is often the modal-
ity of choice for evaluating many of the inju-
ries observed, although preliminary evaluation 
with conventional radiography and use of 
other imaging modalities such as ultrasonog-
raphy (US), computed tomography (CT) and 
bone scintigraphy may be supplementary or 
important in some situations.

With the main focus on MRI, the authors 
present abnormalities of the pelvis and hip 
joint and the surrounding soft tissues that can 
occur in athletes: intra- and extra- articular hip 
impingement syndromes, labral and cartilage 
disease, microinstability of the hip, bone and 
myotendinous injuries of the pelvis and sacro-
iliac dysfunction.

Muscle injuries, stress fractures, thigh 
splints and apophyseal injuries are particu-
larly important to consider in young athletes 
and may be acute or related to chronic 
repetitive microtrauma. The authors highlight 
current concepts of femoroacetabular impinge-
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ment (FAI), labral tears and cartilage abnor-
malities. Tear of the ligamentum teres is now 
recognized as a potential cause of hip pain and 
instability, best evaluated with MR arthrogra-
phy (MRA).

Greater trochanteric pain syndrome encom-
passes a group of conditions leading to lateral 
hip pain, with US playing an increasingly 
important role for both evaluation and image- 
guided treatment. Snapping hip syndrome and 
sacroiliac joint pathology are also important 
considerations.

Innovation has been the catalyst for the 
transformation of hip imaging, as the arrival 
of new modalities and the widespread intro-
duction of MRI resulted in a paradigm shift 
from bone morphology analysis to integrated 
soft tissue, joint and cartilage assessment. 
Understanding the pathophysiology through 
the visualization of osseous structures and 
detailed depiction of soft tissues has become 
part of routine imaging and has had a major 
impact on therapeutic decision-making.

1  Introduction

Imaging of the hip, pelvis and sacroiliac joints 
(SIJ) is presently in the spotlight, boosted by both 
new technical developments and novel clinical 
conditions discovered in the past decade, such as 
the recognition of femoroacetabular impinge-
ment syndrome (FAIS) as a cause of early-onset 
osteoarthritis (Ganz et  al. 2003; Lynch et  al. 
2016).

Clinically, hip and groin pain lists in the top 
6 most common athletic injuries (up to 23% of 
athletes during a 1-year period) (Jónasson et al. 
2011), mainly affecting activities that involve 
accelerations/decelerations, rapid direction 
changes and kicking (Table 1). The most com-
mon hip/groin injuries in soccer players are 
adductor injuries (63%; not counting hamstring 
injuries), followed by hip flexor/iliopsoas injury 
(8%) (Werner et al. 2019). In professional soc-
cer players, overuse hip injuries are up to three 

times more common compared with acute inju-
ries (73% vs. 27%) (Agten et  al. 2016). Intra-
articular hip injuries in athletes are less frequent 
(6.2% in soccer and 5% in American football) 
(Makovicka et  al. 2019; Werner et  al. 2019; 
Cruz et al. 2019).

Hip and groin injuries constitute a consider-
able proportion of all time-loss injuries in men’s 
professional football. Interestingly, athletes with 
hip pain typically consult a large number of dif-
ferent medical specialists, with time to return to 
sport (RTS) often being the main question asked 
by every stakeholder (Cruz and Mascarenhas 
2018). Mean number of days lost before RTS in 
hip/groin injuries largely varies by injury type 
(Table 2). Although there was a promising slight 

Table 1 Frequencies and most common sports-related 
hip/groin injuries in professional athletes by type of sport 
(as a percentage of all injuries)

Sports

Frequency 
of injuries 
affecting the 
hip/groin

Most common 
injury type in the 
hip/groin

Soccer (Ekstrand 
et al. 2011; Werner 
et al. 2019)

11–17% Adductor (63%)/
hamstring injuries

American 
football(Makovicka 
et al. 2019)

3.1% Adductor (38%)/
Hip flexor injury 
(28%)

Basketball 
(Zuckerman et al. 
2018)

2.1–7.8% Hamstring injury

Ice hockey (McKay 
et al. 2014)

4–13.1% Muscle- tendon 
injury

Table 2 Days lost before return to sports per hip/groin 
injury (Werner et al. 2019)

Injury type Mean no. of days lost
Adductor injury 14 (20)
Hip flexor/iliopsoas injury 11 (10)
Symphysitis/pelvic stress 
fracture

40 (34)

Chondral lesion 46 (53)
Labral tear 56 (61)
FAI 64 (60)
Fracture 99

Note: Numbers are mean days lost before full return to 
sports for soccer (Union of European Football 
Associations), with SD in parentheses
FAI femoroacetabular impingement
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decreasing trend in the rates of hip and groin 
injury (as a category) and adductor-related injury 
(as a specific diagnosis), the injury burden at a 
consistent level over the last 15  years (Werner 
et al. 2019). Accordingly, imaging has a pivotal 
role in the athlete’s clinical management.

Sports-related injuries mainly depend on (1) 
sex, (2) age, (3) type of sport and (4) activity 
level.

 1. Sex: Men have a higher risk of hip/groin 
injury than women when playing the same 
sport (Orchard 2015). Additionally it has been 
reported that hip pathology is more common 
in white males with a family history of hip 
surgery (Cruz et al. 2019).

 2. Age: Sports injuries in children differ by age 
diagnosis, type and body area. In children and 
adolescents, up to 24% of injuries affect the 
hip as opposed to only 5–6% in adults 
(Stracciolini et al. 2013). Older children sus-
tain a greater proportion of overuse injuries.

 3. Type of sport: An increased incidence of hip 
injuries in specific sports is reported, includ-
ing soccer, basketball, martial arts and ice 
hockey. By category these most frequently 
occur in impingement sports, followed by 

contact sports, and cutting sports (Cruz et al. 
2019) (Table 3).

 4. Activity level: When compared with recre-
ational athletes undergoing arthroscopic treat-
ment for FAI, high-level athletes are more 
likely to be younger, male, and to undergo 
bilateral surgery. When high-level athletes are 
grouped by the mechanical demands placed 
on the hip by their sport, athletes participating 
in cutting sports are more likely to be younger 
than those in the other groups (Nawabi et al. 
2014).

2  Aetiology, Diagnosis 
and Prognosis of Hip 
and Groin Pain

Aetiology: Hip pain is a common but non- 
specific symptom that has many aetiologies. 
These include multiple pathologies, most of 
which have been extensively studied 
(Blankenbaker and al 2006). Interestingly, with 
the development of newer imaging modalities 
several additional causes of hip pain have become 
apparent, namely FAIS, labral tears and snapping 
hip (Mascarenhas et al. 2016) (Table 4).

Table 3 Sports Categories for Athletes according to Nawabi et al. (Nawabi et al. 2014) and rates of hip/groin injury 
(per 100,000 Athletic Exposures)

Sport 
category Impingement Contact Cutting Flexibility

Asymmetric 
overhead Endurance

Examples • Ice hockey
• Baseball
•  Crew/

rowing
•  Equestrian 

polo, water 
polo

•  American 
football

• Rugby
• Wrestling

• Soccer
• Basketball
• Lacrosse
• Field hockey

• Dance
• Gymnastics
• Yoga
•  Figure 

skating
• Martial arts

• Tennis
• Golf
• Volleyball
• Baseball
• Softball
•  Field 

events: 
javelin, 
discus, 
hammer 
throw

•  Track, 
cross-country, 
other running

• Cycling
•  Swimming 

(not 
breaststroke)

Rate of 
injury per 
100,000 
AE

96.90 60.33 57.92 37.51 31.26 27.93

Data from National Collegiate Athletic Association (NCAA) athletes across 25 collegiate sports during the 2009/10 to 
2013/14 academic years (Cruz et al. 2019)
AE Athletic exposure
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A recent practical classification system (Weir 
et al. 2015) described three major subheadings of 
hip/groin pain in athletes: (1) Defined clinical 
entities for groin pain: Adductor-related, 
iliopsoas- related, inguinal-related and pubic- 
related groin pain; (2) Hip-related groin pain and 
(3) other causes of groin pain in athletes.

Diagnosis: The complex anatomy of the hip/
pelvis region and the high prevalence of “patho-
logic” findings in asymptomatic athletes are 
likely the main reasons why making a clear diag-
nosis is often challenging. Accordingly, a myriad 
of intra- and extra-articular lesions can contribute 
to symptoms. After a thorough clinical examina-
tion and close communication between radiolo-
gists/referring colleagues, the imaging work-up 
should: (1) begin with a dedicated radiographic 

series, including an anteroposterior (AP) view of 
the pelvis and views tailored to the region of 
interest (if appropriate); (2) Comprehensive 
imaging is often crucial to assess intra- and 
extra-articular disease (Mascarenhas et al. 2018a) 
as well as for treatment planning. Considering 
that several conditions can mimic and/or fre-
quently coexist when assessing an athlete, if 
other potential causes are not considered, patients 
may fail to improve after conservative treatment 
or surgery (Tibor and Sekiya 2008; 
Krishnamoorthy et  al. 2019a, b) (further dis-
cussed under Imaging Techniques).

Treatment: Although beyond the scope of 
this chapter, treatment strategies for hip and groin 
pain include conservative care/rehabilitation, sur-
gery and post-surgery care. Each of these may 

Table 4 Differential diagnosis of hip and groin-related pain: an overview of possible causes of intra-articular and 
extra-articular causes

Intra-articular Peri-articular Mimickers
FAI
Instability
Microinstability

Muscle and Tendon- related 
pathology
  – Iliopsoas-related pathology
  – Iliotibial band pathology
  – Rectus femoris pathology
  – Gluteal pathology
  – Hamstring pathology

Axial skeletal pathology
  – Lumbar spine pathology
  – Sacroiliac joints pathology

Osteoarthritis Stress fracture
  – Femoral neck or acetabulum
  – Pubic ramus

Pubic-related pathology

Non-FAI related
  – Chondrolabral injuries
  – Loose bodies
  –  Ligamentum teres pathology
  – Capsular laxity

Greater trochanteric pain 
syndrome
  –  Gluteus medius or minimus 

pathology
  – Trochanteric bursitis

Neurological disorders and nerve 
entrapment
  – Obturator
  – Ilioinguinal
  – Genitofemoral
  – Iliohypogastric

Developmental disorders
  – Acetabular dysplasia
  –  Slipped capital femoral 

epiphysis
  – Perthes disease

Apophysitis or avulsion fracture
  – Anterior superior iliac spine
  – Anterior inferior iliac spine
  – Iliac crest
  – Ischial tuberosity
  – Lesser trochanter

Hernia
  – Femoral or inguinal
  – Posthernioplasty

Avascular necrosis and Acute bone 
marrow oedema syndrome

Extra-articular impingement
  – External/internal snapping hip
  – Trochanteric-pelvic 

impingement
  – Pectineo-foveal impingement
  – Ischiofemoral impingement
  – Subspine impingement

Intra-abdominal/pelvic 
abnormality
  – Gynaecological conditions
  –  Prostatitis/urinary tract 

infections/kidney stone
  – Appendicitis/diverticulitis

Arthritis (autoimmune, reactive or 
infectious) and synovial disorders 
(PVNS, chondromatosis)

Deep gluteal syndrome Tumours and pseudo tumours of the 
hip and pelvis

PVNS pigmented villonodular synovitis. FAI femoroacetabular impingement
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have a role in different injuries, type and level of 
activity, but there is little evidence to compare 
their effectiveness, namely for FAI (Griffin et al. 
2018). This is best done in a shared decision- 
making process, supporting the individual athlete 
to make an informed decision on the best treat-
ment option (Alonso-Coello et al. 2016).

Prognosis: Accurately predicting an individu-
al’s RTS using current strategies is challenging 
because of the complexity/heterogeneity of 
lesions. In many ways, sports physicians and 
radiologists still cannot satisfy these high expec-
tations from an evidence-based point of view 
(Cruz and Mascarenhas 2018). In the setting of 
FAI and hip preservation surgery (HPS), there is 
emerging evidence on the prognostic value of age 
and hip intra-articular lesions detected on MRI, 
namely (1) femoral and acetabular subchondral 
cysts are associated with increased rates of clini-
cal failure at short and long term (Krych et  al. 
2016; Hartigan et al. 2017), (2) cartilage damage 
exceeding 2 o’clock/60° on the acetabular clock- 
face and (3) central acetabular osteophytes are 
poor prognostic factors and are associated with 
higher rates of clinical failure 10 years after HPS 
(Hanke et al. 2016).

3  Anatomy

3.1  Hip and Pelvis Morphology

Presently there is no detailed knowledge about 
the combined function of the pelvic/abdominal 
muscle girdle and the mobility of the hip, but 
there is a clear relationship between these two 
anatomical regions (Rivière et  al. 2017a). The 
pelvic ring is formed by the 2 innominate bones 
and the sacrum, united by the SI joints posteri-
orly and the pubic symphysis anteriorly. Stability 
of this ring is provided mainly by the strong SI 
ligaments, sacrospinous and sacrotuberous liga-
ments. Classically, the hip has been described as 
one morphologically simple loading joint, 
although the recent description of some anatomi-
cal features has enriched this simplicity. The 
functional interpretation of anatomical structures 
by “layers”, with specific and complementary 
function levels, more closely parallels clinical 

significance (Ranawat and Kelly 2005; Rivière 
et al. 2017a, b; Grammatopoulos et al. 2018).

The basic anatomy around the hip consists of 
the superficial surface anatomy (and palpable 
bony prominences) and deep bony, muscular and 
neurovascular anatomy. The anterior landmarks 
consist of the prominent anterior superior iliac 
spine (ASIS) and anterior inferior iliac spine 
(AIIS), which serve as insertion points for the 
sartorius and direct head of the rectus femoris, 
respectively. The greater trochanter (GT) and 
posterior superior iliac spine (PSIS) are also eas-
ily identifiable. They are important landmarks for 
clinical/imaging diagnosis and incision planning.

3.1.1  Structural Layer
This layer consists of the proximal femur, the 
acetabulum, the hyaline cartilage and the acetab-
ular labrum. The hip is a diarthrodial joint and is 
defined by the constrained bony articulation of 
the proximal femur and acetabulum. Labrum and 
cartilage will be discussed in the appropriate 
sections.

Femur: The femoral head (FH) has a spheri-
cal shape in continuity with the femoral neck, 
which usually has a cylindrical shape flattened 
from front to back. Although this is the normal 
anatomy classically described, we now know 
that in up to 7–100% of humans there are vari-
ants of this morphology, with the presence of a 
non- spherical sector at the FHN junction 
(Anwander et  al. 2018). Usually, the articular 
cartilage covers about 2/3 of the FH and presents 
a variable thickness (higher in its central region 
and in the loading zone). The fovea capitis is a 
small area devoid of cartilage, located slightly 
posterior and inferior to the centre of the FH car-
tilage (Fig. 1).

Acetabulum: The acetabular cavity has a con-
cave hemispherical shape (Seldes et al. 2001) that 
results from the contributions of the 3 pelvic 
bones, the ilium, ischium and pubis. It is orien-
tated approximately 45° caudally (abduction) 
and 15° anteriorly (anteversion) (Philippon et al. 
2014). Its hemispherical shape covers 170° of the 
FH (Seldes et  al. 2001; Philippon et  al. 2014). 
The acetabular fossa (non-articular surface of the 
acetabulum, covered by synovia) is located in the 
inferior region of the acetabulum and is sur-
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rounded by the horseshoe-shaped lunate articular 
surface. The transverse ligament limits the infe-
rior margin of the fossa (Dienst 2005).

3.1.2  Capsulo-ligamentous Layer 
(Fig. 2)

The anatomical structure that most influences the 
peripheral space is the joint capsule. It is a thick 
and tense fibrous sleeve extending from the outer 
neck to the acetabular rim. The spiral orientation 
of the capsular ligaments provides a “screw” 

effect in full extension. Some portions of the cap-
sule have an increased thickness or are rein-
forced. Namely, (1) the superolateral part is 
reinforced by the reflected tendon of the rectus 
femoris, (2) the anterolateral part by the ilio- 
femoral ligament (y-shaped ligament of 
Bigelow), (3) the anteromedial part by the pubo- 
femoral ligament, (4) the posterior capsule by 
the ischio-femoral ligament (Ranawat and Kelly 
2005) and (5) circumferentially by the zona orbi-
cularis (ZO) or femoral arcuate ligament form-

a b c

Fig. 1 (a–c) (a) Bony pelvis cadaveric specimen, repre-
senting the acetabulum anatomy. (b) Soft tissue cadaveric 
specimen of the acetabulum. (eias) anterosuperior iliac 
spine, (eip) eminence iliopectineus, (pub) pubis, lt trans-
verse ligament, isq ischion. S superior, I inferior, A ante-
rior, P posterior. Dissection photography of the hip. (c) 

Femoral head with the typical spherical shape of a coxa 
rotunda and the hyaline articular cartilage lining slightly 
lateral to the equatorial region and with an irregular bor-
der (dashed line). fh femoral head, lb labrum, lt ligamen-
tum teres, sf synovial fold, S superior, I inferior, M medial, 
L lateral

a b

Fig. 2 (a–b) (a) Arthroscopic image of the peripheral 
compartment of a right hip with an articular communica-
tion with the iliopsoas tendon. The femoral head (a), the 
anterior capsule (b) and the iliopsoas tendon (c). (b) 
Arthrography magnetic resonance image of the hip, coro-

nal proton-density with fat-sat. Fovea capitis with liga-
mentum teres insertions are shown (arrow). Dashed red 
line represents virtual separation between the peripheral 
and central compartments. Dashed orange curved line 
represents capsular contour

V. V. Mascarenhas et al.



359

ing a ring around the femoral head-neck (FHN) 
(a major hip stabilizer). The iliopsoas bursa is 
located beneath the myotendinous portion of the 
iliopsoas muscle, anterior to the hip joint capsule. 
It may directly communicate with the peripheral 
compartment in 15–20% of cases (clinical rele-
vance: can increase the risk of fluid extravasation 
during hip arthroscopy) (Dienst 2005). 
Ligamentum teres (LT) will be discussed in the 
appropriate section.

3.1.3  Muscular Layer
The muscular attachments surrounding the hip 
and pelvis are extensive, with a total of 27 mus-
cles crossing the hip joint. A detailed understand-
ing of the muscular attachments and innervations 
is critical (Aprato et  al. 2016). They can be 
broadly broken down by their main function 
(Ranawat and Kelly 2005; Dienst 2005):

 1. Primary flexors: iliac, psoas, iliocapsularis, 
pectineus, rectus femoris (direct and indirect 
heads) and sartorius.

 2. Extensors: gluteus maximus, semimembrano-
sus, semitendinosus, biceps femoris (long and 
short heads) and adductor magnus (ischio-
condyle part).

 3. Abductors: gluteus medius, gluteus minimus, 
tensor fascia lata and iliotibial band.

 4. Adductors: adductor brevis, adductor lon-
gus, gracilis and the anterior part of the 
adductor magnus.

 5. External rotators: piriformis, quadratus 
femoris, inferior gemellus, superior gemellus, 
obturator externus and obturator internus.

3.1.4  Neuromechanical Layer
This is a theoretical concept that integrates mul-
tiple interlinked anatomical structures, physio-
logical events and kinematic changes that depend 
on the proprioception and pain sensitivity of the 
periarticular structures. This layer is formed by 
the neurovascular structures, mechanoreceptors 
and nociceptors present in LT, capsule, labrum 
and tendons. On a broader view, this level refers 
to the principle of “reciprocal interaction” which 
explains the difficulty to set threshold values for 
morphologic parameters predisposing to 

impingement, with only extreme values being 
strongly predictive for the development of 
impingement or instability (Rivière et al. 2017a).

3.1.5  Vascular Anatomy of the Hip
Detailed knowledge of the vascularization of the 
proximal femur and iliac allowed the develop-
ment of HPS techniques (Ganz et al. 2001). The 
primary vascular pathways are extensions from 
the internal and external iliac vessels. From the 
internal iliac system, the superior and inferior 
gluteal arteries and obturator artery supply most 
of the surrounding hip musculature (laterally and 
medially respectively) and periacetabular region 
(Kalhor et al. 2010). From the external iliac sys-
tem, the medial and lateral femoral circumflex 
arteries anastomose around the proximal femur. 
The main blood supply to the femoral head arises 
from the medial circumflex femoral artery (Rego 
et al. 2017). The femoral, obturator and superior 
gluteal nerves all supply innervation to the hip 
(Fig. 3).

4  Imaging Techniques

Radiographs (CR) remain the standard imaging 
modality to assess the hip and pelvis despite US 
and modern three-dimensional CT, or MRI being 
increasingly used. For most clinical scenarios 
US, MRI and MRA remain the decisive imaging 
tools in sports and prearthritic patients, although 
their application mainly depends on the specific 
clinical indication. In this setting, MRI protocols 
combining hip dedicated sequences as well as 
sequences covering the pelvis offer the best 
chance of identifying all potential sources of 
symptoms. In MRA, the anaesthetic arthrogram 
combined with the increased diagnostic accuracy 
provided by the intra-articular contrast can both 
be extremely useful diagnostic features (Agten 
et al. 2016). Although very promising, quantita-
tive MRI cartilage imaging still needs to be fur-
ther validated. Whenever appropriate diagnostic 
injections may prove useful to confirm the source 
of symptoms (namely for deep gluteal pain syn-
drome, ischiofemoral impingement and in certain 
FAI cases) (Khan et al. 2015).
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4.1  Radiographs

For hip-related pain, nearly all patients will be ini-
tially evaluated with radiographs per the American 
College of Radiology (ACR) Appropriateness 
Criteria (Agten et al. 2016). However, in clinical 
practice, not every injury requires a radiographic 
examination, particularly for clinically suspected 
soft-tissue non-articular injuries.

Hip morphology is assessed using angles and 
lines that are usually visible on an AP radiograph 
with standardized acquisition of the entire pelvis 
with additional views according to each specific 
clinical situation (Siebenrock et al. 2003; Pedersen 
et  al. 2004; Kalberer et  al. 2008; van der Bom 
et  al. 2011; Tannenbaum et  al. 2014; Hellman 
et  al. 2016). In contrast to CT or MRI, CR is a 
two-dimensional projection of a 3D reality. Given 
the enormous individual variability and overlap, it 
is difficult to precisely define the thresholds 
between what is normal and pathological regard-
ing hip shape (Tönnis 1976; Tönnis 1987).

4.1.1  General Technical 
Considerations

For the pelvis AP radiograph, the legs must be 
15° internally rotated to compensate for femoral 
antetorsion. The central beam is centred to the 

midpoint between the upper border of the sym-
physis and a line connecting the two ASIS.

Main technical factors to consider include 
(1) Conical projection (Tannast et  al. 2014) 
(the closer an object is located to the X-ray 
source, the more lateral it will be projected), (2) 
Film-tube distance (Tannast et  al. 2007; 
Clohisy 2008): should be around 120  cm 
(increasing film-tube distance the apparent ace-
tabular anteversion increases), (3) Centring 
and direction of the x-ray beam (Tannast et al. 
2007) (the sacrococcygeal joint should be 
located 1–3 cm from the superior aspect of the 
pubic symphysis) and (4) pelvic orientation 
(Siebenrock et  al. 2003; Tannast et  al. 2014) 
(orientation can vary in three dimensions: 
obliqueness, rotation and tilt).

4.1.2  Views and Basic Technique 
(Table 5)

Supine pelvic radiographs are preferred by 
some authors because they can be directly com-
pared to CR performed intraoperatively or at fol-
low- up during early rehabilitation and restricted 
weight bearing (Tannast et al. 2007). On the other 
hand, in clinical entities where acetabular evalua-
tion is of paramount importance (such as Pincer 
FAI and developmental hip dysplasia (DDH)), 

a cb

Fig. 3 (a–c) (a) Schematic drawing of the external rota-
tors’ flap containing the deep branch of the posterior cir-
cumflex artery (posterior view), the most important 
branch for femoral vascularization. (b) Representative 
cadaveric photograph of the same anatomy. (1) External 
rotators; (2) deep branch of the posterior circumflex 
artery; (3) great trochanter; S superior; I inferior; L lateral; 
M medial. (c) Illustration of the lateral (a) and medial (b) 
facets of the iliac with the respective arterial anastomotic 

network of the peri-acetabular region. (1) Upper gluteal 
artery; (2) gluteal inferior artery; (3) obturator a.; (4) 
supra-acetabular a.; (5) acetabular a.; (6) acetabular 
branch of gluteal inferior a.; (7) anastomosis between 
inferior gluteal a. and obturator a.; (8) iliolumbar a.; (9) 
nourishing branch of iliolumbar a.; (10) fourth lumbar a.; 
(11) deep iliac circumflex a.; (12) medial pudendal a.; (13) 
common iliac a. (Adaptation from Prof. Dr. Paulo Rego’s 
illustration, with permission)

V. V. Mascarenhas et al.



361

Ta
bl

e 
5 

Su
m

m
ar

y 
of

 te
ch

ni
ca

l d
et

ai
ls

 a
nd

 im
ag

in
g 

pu
rp

os
es

 o
f 

se
ve

ra
l r

ad
io

gr
ap

hi
c 

pr
oj

ec
tio

ns
 o

f 
th

e 
hi

p 
an

d 
pe

lv
is

Po
si

tio
n

H
ip

 fl
ex

io
n

K
ne

e 
fle

xi
on

Fo
ot

 p
os

iti
on

X
-r

ay
 b

ea
m

U
se

fu
ln

es
s

A
P 

pe
lv

is
Su

pi
ne

/s
ta

nd
in

g
0°

0°
15

°–
20

° 
in

te
rn

al
 

ro
ta

tio
n

C
en

tr
ed

 to
 m

id
po

in
t b

et
w

ee
n:

 
up

pe
r 

bo
rd

er
 o

f 
PS

 a
nd

 a
 li

ne
 

co
nn

ec
tin

g 
bo

th
 A

SI
S

B
as

ic
 r

ad
io

gr
ap

hi
c 

ev
al

ua
tio

n 
fo

r 
H

PS
, 

to
ta

l h
ip

 a
rt

hr
op

la
st

y 
or

 tr
au

m
a;

 
as

se
ss

m
en

t o
f 

N
SA

, a
ce

ta
bu

la
r 

co
ve

ra
ge

/
de

pt
h/

in
cl

in
at

io
n,

 h
ea

d 
sp

he
ri

ci
ty

, J
SW

L
au

en
st

ei
n

Su
pi

ne
45

–7
0°

 fl
ex

io
n 

+
 

45
° 

ab
du

ct
io

n
45

°
Pa

ra
lle

l t
o 

th
e 

ta
bl

e
H

ip
-c

en
tr

ed
: v

er
tic

al
ly

 to
 th

e 
FH

A
ss

es
sm

en
t o

f 
th

e 
an

te
ro

su
pe

ri
or

 
co

ve
ra

ge
 o

f 
th

e 
FH

, a
ss

es
sm

en
t o

f 
th

e 
an

te
ro

su
pe

ri
or

 F
H

N
 ju

nc
tio

n
L

au
en

st
ei

n 
(v

ar
ia

nt
)

Su
pi

ne
 +

 4
5°

 
la

te
ra

l r
ot

at
io

n 
to

 
th

e 
si

de
 o

f 
in

te
re

st

45
–7

0°
 fl

ex
io

n,
 

no
 a

bd
uc

tio
n

45
°

Pa
ra

lle
l t

o 
th

e 
ta

bl
e

H
ip

-c
en

tr
ed

: v
er

tic
al

ly
 to

 th
e 

FH
A

ss
es

sm
en

t o
f 

th
e 

an
te

ro
su

pe
ri

or
 

co
ve

ra
ge

 o
f 

th
e 

FH
, a

nd
 o

f 
th

e 
an

te
ro

su
pe

ri
or

 F
H

N
 ju

nc
tio

n
Fr

og
-l

eg
 la

te
ra

l
Su

pi
ne

45
° 

E
xt

er
na

l 
R

ot
at

io
n

30
°-

40
°

U
ni

te
d 

pl
an

ta
r 

so
le

s 
(i

f 
bi

la
te

ra
l)

Pe
lv

is
-c

en
tr

ed
E

va
lu

at
io

n 
of

 th
e 

an
te

ri
or

 a
nd

 p
os

te
ri

or
 

FH
N

 c
on

to
ur

, s
ph

er
ic

ity
 o

f 
th

e 
fe

m
or

al
 

he
ad

, j
oi

nt
 c

on
gr

ue
nc

y
C

ro
ss

 ta
bl

e 
la

te
ra

l v
ie

w
Su

pi
ne

0°
0°

15
°–

20
° 

in
te

rn
al

 
ro

ta
tio

n
Pa

ra
lle

l t
o 

th
e 

ta
bl

e 
+

 o
ri

en
te

d 
at

 
45

° 
to

 th
e 

lim
b

E
va

lu
at

io
n 

of
 th

e 
an

te
ri

or
 a

nd
 p

os
te

ri
or

 
FH

N
 c

on
to

ur
Fa

ls
e 

pr
ofi

le
 

(L
eq

ue
sn

e)
St

an
di

ng
 +

 b
ac

k 
til

te
d 

65
° 

to
 th

e 
“w

al
l”

0°
0°

Pa
ra

lle
l t

o 
th

e 
de

te
ct

or
H

ip
-c

en
tr

ed
A

ss
es

sm
en

t o
f 

th
e 

an
te

ri
or

 c
ov

er
ag

e 
of

 
th

e 
FH

, q
ua

nt
ifi

ca
tio

n 
of

 p
os

te
ro

in
fe

ri
or

 
JS

W
D

uc
ro

qu
et

Su
pi

ne
90

° 
fle

xi
on

 +
 

45
° 

ab
du

ct
io

n
90

°
45

° 
ab

du
ct

io
n

H
ip

-c
en

tr
ed

A
ss

es
sm

en
t o

f 
th

e 
an

te
ro

su
pe

ri
or

 F
H

N
 

ju
nc

tio
n

D
un

n 
45

°
Su

pi
ne

45
° 

+
 2

0°
 

ab
du

ct
io

n
90

°
N

eu
tr

al
Pe

rp
en

di
cu

la
r 

an
d 

ce
nt

re
d 

m
id

w
ay

 to
 th

e 
PS

 a
nd

 th
e 

A
SI

S
A

ss
es

sm
en

t o
f 

th
e 

an
te

ro
su

pe
ri

or
 F

H
N

 
ju

nc
tio

n
D

un
n-

 ri
pp

st
ei

n
Su

pi
ne

90
° 

fle
xi

on
 +

 
20

° 
ab

du
ct

io
n

90
°

N
eu

tr
al

Pe
rp

en
di

cu
la

r 
an

d 
ce

nt
re

d 
m

id
w

ay
 to

 th
e 

PS
 a

nd
 th

e 
A

SI
S

A
ss

es
sm

en
t o

f 
th

e 
an

te
ro

su
pe

ri
or

 F
H

N
 

ju
nc

tio
n,

 f
em

or
al

 a
nt

et
or

si
on

, a
nt

er
io

r 
an

d 
po

st
er

io
r 

FH
N

 c
on

to
ur

A
P

 a
nt

er
op

os
te

ri
or

, A
SI

S 
an

te
ri

or
 s

up
er

io
r i

lia
c 

sp
in

es
, F

H
N

 fe
m

or
al

 h
ea

d-
ne

ck
, P

S 
pu

bi
c 

sy
m

ph
ys

is
, α

 a
lp

ha
, H

P
S 

hi
p 

pr
es

er
vi

ng
 s

ur
ge

ry
, N

SA
 n

ec
k-

sh
af

t a
ng

le
, J

SW
 jo

in
t s

pa
ce

 
w

id
th

, F
H

 f
em

or
al

 h
ea

d

Hip, Pelvis and Sacro-Iliac Joints



362

weight-bearing AP pelvic radiographs should be 
obtained given that they reflect functional ana-
tomical positioning (Jackson et al. 2016) and also 
account for the differences in pelvic flexion- 
extension and acetabular version variations 
(Fig. 4 and Tables 6 and 7).

Axial/lateral view of the hip: Different tech-
niques have been described (Mascarenhas et al. 
2019), which are performed to answer specific 
questions (Table 5 and Fig. 5). The single opti-
mal lateral radiograph for cam morphology 
assessment is the Dunn 45° view as the femoral 

head- neck asphericity is most often localized in 
the anterosuperior region. An AP pelvis radio-
graph and a Dunn 45° view are the best choice 
for the initial radiographic assessment of the 
FHN junction, as further radial imaging is usu-
ally performed when FAI is clinically 
suspected.

Lumbar imaging: There is no current evi-
dence to support additional lumbar imaging when 
approaching hip and groin-pain, although assess-
ment of spinopelvic (SP) parameters and lumbar 
pathology is increasingly recognized as impor-
tant in this setting. Sagittal pelvic kinematics 
along with SP parameters have recently been 

a b

Fig. 4 (a, b) AP radiographs of the pelvis obtained in the 
(a) supine and (b) weight-bearing positions in the same 
patient. In B the sacrum becomes more vertical and ante-
rior acetabular coverage is reduced. Proper positioning on 
an AP pelvic radiograph is recognized when: (1) femur—

the greater trochanter is seen laterally and the lesser tro-
chanter is partially superimposed on the femoral neck, (2) 
the obturator rings and acetabular teardrops are symmetric 
and (3) midsacral line aligns with the pubic symphysis

Table 6 Advantages of obtaining AP radiographs of the 
pelvis in the supine and standing positions

Supine radiographs Standing radiographs
•  Technically easier to 

obtain
•  Easier to perform in 

obese and older patients
•  Reproducible in the 

operating room
•  Feasible in recent 

postoperative setting
•  Most outcome studies 

derive from supine 
radiographs

•  Accurate JSW and JSN 
measurement

•  Allow functional 
assessment of 
acetabular morphology, 
version and coverage

JSN joint space narrowing, JSW joint space width

Table 7 Influence of pelvic positioning (rotation and pel-
vic tilt) on radiographic hip parameters

No significant change with 
pelvic rotation and tilt

Relevant change with 
pelvic rotation and tilt

• LCEA
• Acetabular index
• Extrusion index
• Sharp angle
• Craniocaudal coverage

•  Anterior acetabular 
coverage

•  Posterior acetabular 
coverage

• Cross-over sign
• Posterior wall sign
• Retroversion index

LCEA lateral centre-edge angle

V. V. Mascarenhas et al.
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studied for their effect on hip function, FAI 
(Grammatopoulos et  al. 2018; Ng et  al. 2018; 
Mascarenhas et al. 2018a), and hip replacement 
(Rivière et al. 2017b). Variability in sagittal pel-
vic function may substantially influence impinge-
ment phenomena (Rivière et  al. 2017b; 
Grammatopoulos et  al. 2018; Ng et  al. 2018; 
Mascarenhas et al. 2018a), but many of the spine- 
hip relations are still unexplored. When clinically 
deemed important, imaging evaluation may 
include a review of SP parameters and assess-
ment for lumbar disease as a hip pain mimicker, 
either with a lateral lumbosacral radiograph, or 
by CT/MRI of the entire pelvis with multiplanar 
reconstructions, instead of imaging only the hip 

of interest (Grammatopoulos et  al. 2018; Ng 
et al. 2018; Mascarenhas et al. 2018a).

4.1.3  Parameters
Femoral side: The most commonly described 
parameters to evaluate femoral morphology can 
be divided according to the main features that 
they assess: joint congruency, FH sphericity and 
other important parameters, such as neck orienta-
tion in the coronal (neck-shaft angle) and axial 
(torsion) planes (Fig. 6 and Table 8).

Acetabular side and spinopelvic parame-
ters: Overall, the most commonly described 
parameters to assess acetabular morphology can 
be divided according to the main features that 

a b c

d e f

Fig. 5 (a–f) Most commonly used radiographic hip 
views: (a) Anteroposterior hip centred. (b) Dunn 45; this 
is the recommended lateral view as a first-line evaluation 
of proximal femoral morphologies, in combination with 

an AP view of the pelvis. It is obtained with the hip in 45° 
of flexion, 20° of abduction and neutral rotation. (c) False 
profile, (d) Frog-leg lateral, (e) Lauenstein and (f) cross- 
table lateral view

Hip, Pelvis and Sacro-Iliac Joints
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Fig. 6 (a–f) Imaging parameters to describe proximal 
femoral morphology. See Table 8 for definitions. (a) offset 
and offset ratio, (b) triangular index, (c) cervicodiaphy-

seal (CCD) angle, (d) Shenton’s line, (e) lateralization of 
femoral head, (f) fovea angle delta

Table 8 Imaging parameters to describe femoral morphology (see Fig. 6 for corresponding illustration)

Femur and 
joint Parameter Unit

Imaging 
technique Definition

Femur 
sphericity

Alpha angle (°) Axial and 
AP pelvis
CT and MRI

Angle formed by the FHN axis and line through 
the centre of the femoral head and the point 
where the anterior (posterior) FHN contour 
exceeds head radius

Pistol-grip
Deformity

Qualitative Axial and 
AP pelvis

Seen as bump at the FHN junction other than 
osteophytes from seronegative arthritis and 
osteoarthritis

Asphericity and 
Flattening of the 
lateral aspect of 
the FH

Qualitative Axial and 
AP pelvis
CT and MRI

Flattening of the normal concavity of the FHN 
junction
The head is said to be aspherical if the femoral 
epiphysis extended more than 2 mm outside the 
reference circle corresponding to a spherical head

Offset
Offset ratio

[mm]
NA

Axial and 
AP pelvis
CT and MRI

Difference (o) between the FH radius
(r) and the neck radius
Ratio of offset (o) to the FH radius (r)

Femoral distance [mm] Axial and 
AP pelvis
CT and MRI

The perpendicular distance between a tangent 
along the cortex of the FN and the point of the 
largest osseous deformity at the FHN junction is 
measured

Triangular index NA AP pelvis A perpendicular line (p) is drawn at half the head 
radius (r). Distance (R) is measured from the FH 
centre (C) to the point where p intersects the 
anterior FHN contour. The triangular index is 
positive if R > r + 2 mm

Omega angle (°) Radial 
imaging and 
3D MRI/CT

Quantifies the extent of abnormally elevated α 
angles, providing information on cam magnitude 
(defined by the radial extension of the FHN 
deformity)

V. V. Mascarenhas et al.
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they measure: depth, coverage or orientation 
(Fig. 7 and Table 9). Spinopelvic parameters have 
been increasingly recognized as paramount on 
the hip- spine relationship (Table 10).

4.2  Ultrasound

Although highly dependent on operator experi-
ence, US is a valuable tool in the work-up of an 
athlete with hip pain and particularly for muscle 
and tendon disease, for both diagnostic purposes 
and therapeutic interventions (Hegazi et  al. 
2016). Physicians must have pertinent knowl-
edge of the normal anatomy and should make 
judicious use of surface anatomy landmarks 

while using a systematic diagnostic approach. 
Main advantages are (1) accessibility on site at 
sporting events, (2) relatively low cost, (3) real- 
time dynamic imaging capability, as well as (4) 
radiation-free examination and (5) guidance of 
interventions such as fluid aspiration and/or sub-
stance injection (Boric et  al. 2019), improving 
the accuracy of medication delivery (Sconfienza 
et al. 2019) and reported satisfaction compared to 
fluoroscopy-guided injections (Byrd et al. 2014).

Accurate diagnosis of hip injuries is often 
challenging, given the complex soft-tissue anat-
omy and the wide spectrum of injuries that can 
occur (Lungu et  al. 2018). Commonly assessed 
structures are the iliopsoas tendon, iliopsoas 
bursa, iliotibial tract and joint effusion. Evaluation 

Table 8 (continued)

Femur and 
joint Parameter Unit

Imaging 
technique Definition

Joint 
congruency

Shenton’s line (intact/
interrupted)

AP pelvis Interrupted if the caudal FHN contour and the 
superior border of the obturator foramen do not 
form an harmonic arc

Lateralization of 
femoral head or 
position of the hip 
centre

(mm) AP pelvis Shortest distance between the medial aspect of 
the femoral head (FH) and the ilioischial line 
(IIL)
Lateralized if greater than 10 mm

Additional 
findings

Cervicodiaphyseal 
angle or NSA

(°) AP pelvis
CT/MRI

Angle formed by FHN axis and femoral shaft 
axis

Femoral torsion (°) Axial 
images over 
proximal/
distal femur 
(CT, MRI or 
Dunn 90°)

Angle between the longitudinal axis of the FN 
and the tangent at the condyles of the distal femur

Joint space width 
Minimum JSW

(mm) AP pelvis 
standing

JSW should be measured in the superior region of 
the hip joint (distance between the superior FH 
cortex and the acetabular sourcil). mJSW: 
inter-bone distance at the point of maximal 
narrowing

Fovea angle delta (°) AP pelvis Angle formed by a line through the medial edge 
of the acetabular roof (M) and the FH centre (C) 
and a line through the lateral border of the fovea 
capitis (F) and the FH centre (C). Angle ≤ 10° 
associated with DDH (fovea alta)

FEAR index (+/−) AP pelvis Angle formed by: (a) the central straight section 
of the femoral physis and (b) the most medial and 
lateral points of the sourcil sclerosis. Positive 
FEAR index if a laterally directed angle results. 
Painful hip with a LCEA ≤25° and FEAR index 
<5° is likely to be stable

AP anteroposterior, CT computed tomography, DDH developmental dysplasia of the hip, FEAR Femoro-Epiphyseal 
Acetabular Roof, IIL ilioischial line, FH femoral head, FHN femoral head-neck, FN femoral neck, MRI magnetic reso-
nance imaging, NA not applicable

Hip, Pelvis and Sacro-Iliac Joints
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a b c d
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Fig. 7 (a–i) Imaging parameters to describe acetabular 
morphology. See Table  9 for definitions. (a) Coxa pro-
funda, (b) protrusio, (c) lateral centre-edge angle, (d) 

extrusion index, (e) Sharp angle, (f) anterior centre-edge 
angle, (g) posterior wall sign, ischial spine sign and cross-
over sign, (h) anterior and posterior acetabular wall index

Table 9 Imaging parameters to describe acetabular morphology (see Fig. 7 for corresponding illustration)

Acetabulum Parameter Values
Imaging 
technique Definition

Depth Coxa profunda Positive/
negative

AP pelvis Acetabular fossa (AF) touches or crosses the 
ilioischial line (IIL)

Protrusio acetabuli Positive/
negative

AP pelvis Femoral head (FH) touches or crosses the 
ilioischial line (IIL)

Acetabular depth mm CT/MRI- 
transverse 
oblique image of 
the FN long axis

Distance between the FH centre and the line 
connecting the anterior/posterior acetabular 
rim

Coverage Lateral centre-
edge, LCEA

(°) AP pelvis
CT/MRI

Angle formed by a vertical line (v), which is 
perpendicular to a line connecting the teardrops, 
and a line through the centre of the FH (C) and 
the lateral bony rim of the acetabulum

Centre-edge angle 
of Wiberg, W-CEA

(°) AP pelvis Same as previous, but using the lateral end of 
the sourcil, i.e. the weight- bearing area of the 
acetabulum, rather than the lateral rim of the 
acetabulum

Acetabular 
inclination or 
Sourcil angle

(°) AP pelvis
CT/MRI

Angle formed by a horizontal line and a line 
through the medial and lateral edge of the 
acetabular roof

Extrusion index (%) AP pelvis Percentage of the FH width which is not 
covered by the acetabulum

Sharp angle (°) AP pelvis Angle between a horizontal line (hL) and a 
line connecting the acetabular teardrop (TD) 
and lateral edge of the acetabulum (LEA)

Acetabular 
depth-width ratio 
(ADR)

NA AP pelvis The depth of the acetabulum divided by the 
width of the acetabulum, multiplied by 1000, 
presented as a ratio: (A/B)*1000

Anterior 
centre-edge

(°) False profile
CT/MRI

Angle formed by a vertical line (V) and a line 
through the centre of the femoral head (C) 
and the anterior edge of the acetabulum (E)

V. V. Mascarenhas et al.
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of the acetabular labrum with US has been 
described. However, only the anterior part of the 
labrum is consistently seen, and other techniques 
such as MRA are far superior for detection of 
labral tears.

Ultrasound in FAI: Although level 2 evidence 
exists supporting a limited role of US in FAI, cur-

rently its use cannot be recommended as a diag-
nostic tool. Labral tears in patients with FAI have 
been found at US in 63.6% of cases (Orellana 
et al. 2018), with highly variable diagnostic per-
formance (sensitivity 58–75%, specificity 
25–67%, accuracy 61–75%) when compared to 
arthroscopy (Jung et al. 2013).

Table 9 (continued)

Acetabulum Parameter Values
Imaging 
technique Definition

Coverage (%) CT/MRI Technique to measure the % cover of the FH 
by the weight-bearing zone (pelvic position 
standardized relative to a specific anatomical 
plane)

AASA
PASA

(°) CT/MRI Lines through the FH centre and contralateral 
femoral head and tangential to the anterior 
(AASA) or posterior (PASA) lip of the 
acetabulum

Orientation Posterior wall sign Positive/
negative

AP pelvis Positive if the posterior wall (PW) runs 
medially to centre of FH (C)

Anterior (AWI) and 
posterior acetabular 
wall index (PWI)

– AP pelvis Ratio of the width of the anterior (AW)/
posterior acetabular walls (PW) measured 
along the FN axis (a) divided by the FH 
radius (r)

Crossover sign Positive/
negative

AP pelvis Anterior wall (AW) crosses the posterior 
wall (PW)

Retroversion index (%) AP pelvis % of retroverted acetabular opening divided 
by entire opening

Ischial spine sign Positive/
negative

AP pelvis Positive if ischial spine (IS) is projected 
medially to pelvic brim (PB)

Acetabular version 
(1, 2 and 3 o’clock)

(°) CT/MRI Intersection of a perpendicular to the line 
between the posterior pelvic margins and a 
line connecting the anterior/posterior 
acetabular rims

Others McKibbin index – CT/MRI Sum of femoral version and the acetabular 
version (at 3 o’clock)

FN femoral neck, FH femoral head, NA not applicable, MRI magnetic resonance imaging, CT computed tomography, 
AP anteroposterior, AASA anterior sector angle, PASA posterior sector angle

Table 10 Spinopelvic parameters. Definition of pelvic incidence, sacral slope and pelvic tilt

Spinopelvic 
parameters Parameter Values Imaging Definition

Pelvic 
incidence

(°) Standing sagittal
lumbosacral
3D CT or MRI

Angle between a line perpendicular to the sacral plate 
at its midpoint and a line from the mid-point between 
the axis of the two femoral heads to the centre of the 
sacral plate.
PI = SS + PT

Sacral 
slope

(°) Standing sagittal 
lumbosacral

Angle formed by a line drawn parallel to the sacral 
plate and a horizontal reference line

Pelvic tilt (°) Standing sagittal 
lumbosacral

Angle formed by a line from the midpoint of the sacral 
plate to the centre of the femoral heads and a vertical 
plumb line
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4.3  Computed Tomography

Although volumetric CT is excellent at depicting 
osseous morphologies, assessing osteoarthritic 
changes (Samim et al. 2019; Mascarenhas et al. 
2019) and in virtual range of motion (ROM) 3D 
simulation studies (Mascarenhas and Caetano 
2018; Samim et  al. 2019; Mascarenhas et  al. 
2019), it is (1) unable to detect chondrolabral 
changes, (2) is associated with radiation exposure 
and (3) has limited value in evaluation of sports 
injuries. Mainly it is reserved for (1) detecting 
subtle fractures not visible on CR, (2) for preop-
erative evaluation of complex fractures and dislo-
cations, and for the (3) diagnosis of intra-articular 
ossified bodies or extra-articular ossifications.

Protocol: Patient is positioned supine in the 
scanner with the legs in slight internal rotation. 
CT of the hip and pelvis should cover from the 
iliac crests through the lesser trochanters in thin- 
section acquisition/reformats (0.5–1 mm), using 
both bone and soft-tissue algorithm kernels 
(axial, sagittal and coronal planes). 3D volume- 
rendered reformations may also be useful.

CT arthrography (hip): Usually reserved for 
patients in whom MRI is contra-indicated, to 
appreciate the labrum and cartilage. It is per-
formed after direct intra-articular injection of an 
iodinated contrast agent. Single-contrast studies 
are often sufficient and preferred. It involves the 
injection into the joint space of 10–14 mL of a 
low-osmolar contrast agent. Usually, no dilution 
is generally needed if a low to medium concen-
tration preparation (i.e., 180–240  mg of iodine 
per millilitre) is used, to prevent streak artifacts 
observed at higher concentrations.

4.4  Magnetic Resonance Imaging

MRI is useful to evaluate intra- and extra-articu-
lar disease being the preferred imaging modality 
for assessment of bone and soft-tissue structures. 
According to the ACR, in patients with chronic 
hip pain, MRI should be the next imaging modal-
ity of choice when radiographs are normal (Zoga 
et  al. 2016). Because hip/groin pain in athletes 
can have multiple origins, a problem-oriented 
imaging protocol is paramount (refer to https://

www.essr.org/subcommittees/sports/ for detailed 
hip/groin area protocols).

Unenhanced MRI and direct MRA (dMRA) 
are the techniques of choice for detection of hip 
chondral-labral lesions, although dMRA is the 
best technique to study intra-articular pathology 
(Smith et al. 2012; Sutter et al. 2014; Saied et al. 
2017). 3T MRI was reportedly equivalent to 1.5T 
dMRA for diagnosing labral tears and cartilage 
delamination, but superior for acetabular carti-
lage defects. Additionally, 3T MRI demonstrated 
similar sensitivity to 3T dMRA in the detection 
of acetabular labral tears, although the latter is 
more sensitive for the detection of acetabular 
chondral lesions (Smith et al. 2010; Smith et al. 
2012; Saied et al. 2017; Crespo-Rodríguez et al. 
2017). Indirect MRA is generally not indicated 
(shows overall less accuracy when compared to 
dMRA) (Smith et al. 2012; Saied et al. 2017).

Protocol: While evidence is lacking regarding 
the ideal hip MRI protocol, sequence details or 
comparison between protocols, the following is 
recommended for the assessment of a young 
patient with hip/groin pain (Fig. 8):

 1. A fluid-sensitive sequence with a large FOV 
covering the whole pelvis, in the axial or cor-
onal planes, to screen for soft-tissue and bone 
marrow oedema and other possible differen-
tial diagnosis

 2. Unilateral hip, small FOV: should be centred 
in the magnetic field, high-resolution 
sequences of the symptomatic hip/area of 
interest

 3. If assessing FAI: use radial imaging (either 
direct acquisition or 3D reformats) and fast 
axial sequence of the femoral condyles and 
femoral neck, to assess femoral torsion

MRA: When intra-articular disease is sus-
pected, dMRA is the imaging study of choice, as 
both a diagnostic arthrography and anaesthetic 
injection can be combined into a single procedure. 
The main goals are (1) to achieve joint distension 
hence greater lesion conspicuity and (2) confirm 
the intra-articular origin of the athlete’s pain. 
dMRA is superior to standard MRI for detection 
of labral lesions (compared sensitivity: 69–81% 
vs. 50%). dMRA also improves detection of ace-
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tabular cartilage defects, while no advantage was 
found for cartilage defects on the femoral head in 
comparison with conventional MRI.

Technique basics: 8–14  mL of diluted 
gadolinium- based contrast agent (2.5  mmol/L 
solution or a 1:200–400 dilution in saline, 
depending on the contrast agent) mixed with 
3 mL of anaesthetic (e.g. ropivacaine). The target 
zone for the needle is the centre of the femoral 
neck or the superolateral quadrant of the FH (pre-
ferred in a previous arthroscopy setting, because 
of possible adhesions between the joint capsule 
and the femoral neck).

Traction MRA: The main goal is to achieve 
joint distension and distraction, hence greater 
lesion conspicuity. There is evidence that dMRA 
with hip traction aids in the detection of cartilage 
delamination both at 1.5T and at 3T, by uncover-
ing cartilage flaps that are usually less visible on 
the reduced FH (Llopis et al. 2008; Schmaranzer 
et al. 2014). It is still unclear whether traction at 
hip MRI should be used routinely and, if so, 
whether images should be obtained without and 
with traction or only with traction.

Technique basics: The combination of dMRA 
and leg traction (Llopis et  al. 2008) may be 

a b

c d

Fig. 8 (a–d) Sequences that should be included on the 
proposed routine MRI protocol for the assessment of hip 
and groin pain, comprise a pelvic fluid-sensitive sequence 
and unilateral 2D sequences (coronal, axial and sagittal 
are most useful). If FAI is suspected, femoral torsion 
assessment and radial imaging should be performed. (a) 
Unilateral FOV coronal fat-suppressed proton-density and 

(b) radial sequences might be used for hip detailed assess-
ment. (c) A 2D large-FOV axial sequence of the pelvis is 
used to screen for other possible differential diagnosis. (d) 
Assessment of femoral torsion: different slices may be 
superimposed on a single image with post-processing 
software, making it easy to measure
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achieved by using orthopaedic traction devices 
(weight used for traction varies from 6 kg (Llopis 
et  al. 2008), 8–10  kg (Suter et  al. 2015) and 
15–23 kg (Schmaranzer et al. 2014) and varying 
injected volumes of 10–14 ml to 18–27 ml.

5  Pathology

5.1  Hip Intra-articular

A combination of abnormal bony morphology, 
which is seen in a high percentage of athletes, 
and specific hip load may be related to the devel-
opment of specific intra-articular hip pathologies 
in athletes (Heerey et  al. 2019). Morphological 
hip shapes give rise to a continuous spectrum 
ranging from isolated instability to impingement 
with decreased mobility. Located at one end of 
this spectrum is DDH, and at the other is FAI. In 
many situations, however, there is a combination 
of several morphologies that may have greater or 
lesser clinical expression and determine the pre-
dominance of a mechanism of chondral and 
labral injury: instability or impingement (Tibor 
et al. 2013).

5.1.1  Acetabular Dysplasia 
and Instability (Fig. 9)

DDH is regarded as an insufficiency of contact 
between the articular surfaces (Wilkin et  al. 
2017). The surrounding soft tissues such as the 
labrum, joint capsule, ligaments and muscles are 
important static and dynamic hip stabilizers in 
sports. This combination usually results in a 
static overload of the acetabular roof and an 
instability or inability to maintain the centre of 
rotation of the joint fixed, resulting in lateral, 
superior and anterior migration of the 
FH. Clinically, DDH may be quite symptomatic 
(Wilkin et al. 2017) and has been reported as a 
risk factor for early-onset OA (Morvan et  al. 
2013). Recent advances in imaging of the dys-
plastic hip with CT scans have demonstrated that 
DDH is, in fact, a 3D deformity of the acetabu-
lum and that multiple patterns of acetabular insta-
bility exist that may not be completely assessed 
on 2D imaging (Kraeutler et al. 2016).

The concept of microinstability is based on 
symptomatic hip laxity without marked sublux-
ation. Aetiology may be either (1) traumatic (sin-
gle or repetitive trauma) or (2) atraumatic 
(generalized laxity or DDH). Patients may feel 
hip unsteadiness, snapping, and/or pain during 
sports (Cerezal et  al. 2012). Diagnosis is prob-
lematic, due to no established criteria.

Imaging:
Radiographs (AP pelvis), characterized by 

increased (1) inclination of the acetabular roof 
(acetabular inclination>13°) and/or (2) decrease 
in lateral and/or anterior coverage (established 
DDH: LCEA<20° or borderline DDH: 
20<LCEA<25°). Additionally, (3) aspherical FH 
(usually “pear-shaped”), (4) coxa valga, (5) ante-
version of the femoral neck and (6) retroversion 
of the acetabulum (Tibor et  al. 2013) may be 
present.

MRI: most characteristic findings include 
(1) labrum hypertrophy, (2) “inside-out” ace-
tabular cartilage lesions, (3) increased 
iliocapsularis- to-rectus-femoris ratio in hips 
with DDH (i.e. if the cross-sectional area of the 
iliocapsularis, measured in an axial slice 
through the centre of the FH, exceeds the 
cross-sectional area of the rectus femoris mus-
cle, a DDH is said to be present in 89% of 
patients (Haefeli et al. 2015)).

 – Microinstability suspected patients might 
have (1) a thickened iliofemoral ligament 
(anterior joint capsule) with irregularities on 
the undersurface of the anterior capsule, (2) an 
increased capsular volume, detectable during 
MRA and (3) larger or easier widening/dis-
traction of a hip joint during traction MRA, 
suggesting hip laxity. Other findings associ-
ated with positive joint distraction were higher 
alpha angles, higher neck-shaft angles, smaller 
acetabular depths and hypertrophy of the LT 
(Cerezal et al. 2012).

5.1.2  Ligamentum Teres Pathology
Anatomy: The LT (Fig.  9) is a strong intra- 
articular ligament that is anatomically and bio-
chemically similar to the anterior cruciate 
ligament of the knee (with an anterior and 
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posterior bundle). It arises from the transverse 
ligament and the ischial and pubic margins of the 
acetabular fossa. The ligament is trapezoidal at 
its base and runs to the FH, where it becomes 
progressively round or oval shaped and inserts 
into the fovea capitis. The functions of the LT 

might include: (1) intrinsic stabilizer that resists 
joint subluxation forces, (2) may play a role in 
nociception and coordination of movements, (3) 
provides blood supply to the developing FH and 
(4) helps to distribute synovial fluid within the 
hip joint via a “windshield wiper effect”.

a b c

d e f g

h

Fig. 9 (a–h) (a) Hip arthroscopic and (b, c) coronal 
MRA proton-density images of ligamentum teres (LT). (a) 
Hypertrophic degenerated ligament (LR). (b) Normal 
hypointense LT (red arrows). (c) Degeneration and fray-
ing (partial rupture) of the LT at the foveal insertion. Note 
the shallow acetabulum, highly located fovea, pear-shaped 
FH and labrum degeneration all characteristic of DDH in 
a 25-year-old ballet dancer. (d) Right hip AP radiograph 
on a 29-year-old ballet dancer shows characteristic DDH, 
with a shallow acetabulum, coxa valga, pear-shaped FH, 
decreased LCEA and increased acetabular inclination. 

(e–g) showing different stages of labral disease in DDH 
and microinstability, ranging from (e) labrum hypertro-
phy, (f) labrum hypertrophy and degeneration and ulti-
mately leading to (g) tear of the capsular labral surface. 
(h) T1w axial MR image of the left hip at the level of the 
femoral head centre, in a 48-year-old patient with com-
plaints of lumbar pain radiating to the hip. The contours of 
the rectus femoris (RF) and iliocapsularis (IC) are out-
lined. In this case, the cross-sectional area of the IC does 
not exceed that of the RF
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Why is it important?: Athletes with LT tears 
may develop pain and hip microinstability. 
When combined with sporting activities, this 
results in damage to the labrum and cartilage 
(explaining the high association rate between 
tears of the LT, labral tears and cartilage lesions) 
(Chahla et  al. 2016). In symptomatic ballet 
dancers and mixed athletes, it was reported a 
prevalence of 44% LT tears per hip (compared to 
21% in asymptomatic mixed athletes’ popula-
tion), reflecting the demands during sporting 
activity, particularly those sports requiring large 
ranges of hip motion.

Imaging: LT lesions are categorized 
arthroscopically as rupture (partial or complete) 
or degeneration. Complete rupture occurs after 
hip dislocation or after sudden external rotation 
episodes and are most commonly located near 
the fovea (showing a discontinuity of the liga-
ment with lax contours).

On MRI, the normal LT is best visualized in 
the coronal/axial planes and has smooth borders 
and a homogeneous, hypointense structure on all 
sequences. Ligament degeneration is similar to 
tendons, ranging from mucoid degeneration to 
complete tear. MRA revealed better diagnostic 

performance compared with MRI regarding par-
tial tears (increased intrasubstance signal inten-
sity abnormality visualized on fluid-sensitive 
images as well as focal partial loss of continuity). 
For the detection of complete tears MRI and 
MRA imaging (67% sensitivity, 99–100% speci-
ficity) show similar good results.

5.1.3  Femoroacetabular 
Impingement

Concept: FAI is a motion-related clinical disor-
der associated with a triad of insidious onset of 
groin/hip pain, signs of limited motion and char-
acteristic imaging findings (Ganz et  al. 2003; 
Nepple et al. 2013), which results from a conflict-
ing contact between the proximal femur and the 
acetabular rim (Ganz et al. 2003). This abnormal 
contact may ultimately lead to premature OA 
(Agricola et  al. 2013a; Glyn-Jones et  al. 2015; 
Mascarenhas et  al. 2020a) (Table  11). FAI 
remains controversial in terms of true incidence, 
diagnosis, prognosis and management (Jung 
et al. 2011; Mascarenhas et al. 2016; Griffin et al. 
2016). With the implementation of this concept, 
concerns have been raised about overdiagnosis 
and overtreatment.

Table 11 Summarizing table of the clinical, epidemiological and joint damage characteristics of femoroacetabular 
impingement

Patient characteristics Intra-articular damage
Sex Age Activity Deformity Mechanism Early damage Late damage

Cam 
FAI

Mainly 
male

Young High-level 
athletes; 
high-impact 
sports

“Cam-type 
morphology”: 
Eccentric 
femoral head 
with laterally 
increasing radius

Sheering 
forces inside 
the joint and 
damage to 
the 
acetabular 
cartilage; 
“inclusion 
injury”

Acetabular 
cartilage 
delamination
“Outside-in” 
acetabular 
cartilage 
lesions

Large, full- 
thickness 
anterosuperior 
acetabular 
cartilage defects;
Labral damage 
with 
undersurface 
tears;
femoral head 
cartilage lesions

Pincer 
FAI

Mainly 
female

Middle 
aged

Recreational 
athletic 
activity

“Overcoverage” 
of the femoral 
head: protrusio 
acetabuli, 
acetabular 
retroversion

Linear 
impact 
between 
acetabular 
rim and 
FHN 
junction; 
“impaction 
injury”

Labral 
damage 
ranging from 
subtle 
shortening and 
rounding to 
extensive 
labral damage

Ossified bony 
rim with partially 
ossified labrum; 
cartilage damage 
at acetabular rim; 
“contrecoup” 
posteroinferior 
acetabular 
damage
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5.1.3.1 Cam Mechanism
Cam impingement is caused by extra bone for-
mation—a cam morphology—in the anterolat-
eral FHN junction (Ito et al. 2001) (resulting in 
flattening or convexity). This morphology may 
cause impingement against the acetabular rim, 
especially during flexion and internal hip rotation 
(Matheney et  al. 2013). The abnormal contact 
results in shear forces at the acetabular rim 
(Bowman et al. 2010) and is typically accompa-
nied by labral tears (Bedi et al. 2008) and detach-
ment of the acetabular cartilage from the 
subchondral bone (Bittersohl et  al. 2009; 
Matheney et  al. 2013). Acetabular cartilage 
delamination (Anderson et al. 2009) has charac-
teristically been found in the anterosuperior 
quadrant of the joint, corresponding to the site 
where the deformity is forced into the acetabu-
lum. Clinically it is associated with limited inter-
nal hip rotation (Nötzli et al. 2002) as well as hip 
pain (Allen et al. 2009) and OA (Agricola et al. 
2013c) (Fig. 10).

Interestingly, a cam morphology might 
develop during skeletal maturation as a result of 
high- impact sporting activities, which would be a 
promising preventative opportunity to avoid the 
formation of this morphology and subsequent hip 
OA (Agricola et  al. 2014; Mascarenhas et  al. 
2017).

5.1.3.2 Pincer Mechanism
Pincer impingement is caused by overcoverage 
of the acetabulum relative to the FH (either global 
or focal overcoverage). The hypothesis proposed 
by Ganz et al. (2003) states that the femoral neck 
causes an abnormal linear contact against the 
acetabulum during terminal motion of the hip. 
Initially, labral damage is the main characteristic 
as it might be crushed between the acetabular rim 
and the femoral neck (Fig. 11). When there are 
repetitive episodes of impingement, chondral 
damage might gradually develop throughout the 
acetabulum in a small, thin marginal strip (Beck 
et al. 2005). The relationship between pincer FAI 
and OA (Giori and Trousdale 2003; Bardakos 
and Villar 2009; Anderson et  al. 2009; Gosvig 
et al. 2010; Nicholls et al. 2011; Agricola et al. 
2013b) is still not clear, as even when 

 overcoverage is symptomatic it seems to be pro-
tective in relation to advanced chondral aggres-
sion (Agricola et al. 2013b).

5.1.3.3 Diagnosis (Fig. 12)
Definition: There is no consensus regarding 
FAI preoperative diagnostic assessment and FAI 
case definition. The clinical concept of FAIS 
has been recently defined as a triad of: (1) symp-
toms, (2) physical signs and (3) imaging find-
ings (Ganz et  al. 2003; Sankar et  al. 2013b; 
Griffin et al. 2016). This term and its definition 
build on the definitions of FAI from Ganz et al. 
(2003) and Sankar et al. (2013a) to ensure that 
there is a distinction between patients with FAIS 
and those with cam or pincer morphology but 
no symptoms.

Symptoms: The primary symptom of FAIS is 
motion-related or position-related pain in the hip 
or groin (Ganz et al. 2003), although it may also 
be felt in the back, buttock or thigh. In addition to 
pain, patients may also describe clicking, catch-
ing, locking, restricted ROM or giving way 
(Philippon et al. 2007; Ayeni et al. 2012; Nepple 
et al. 2014).

Signs: There is often a limited ROM, typically 
restricted internal rotation in flexion (Freke et al. 
2016). Hip impingement tests usually reproduce 
the patient’s typical pain, although the most com-
monly used test, flexion adduction internal rota-
tion (FADIR), is sensitive but not specific 
(Reiman et  al. 2015). With further and gradual 
internal rotation, hip pain is usually elicited 
(Shanmugaraj et  al. 2018). When FAIS is sus-
pected, it is important to examine gait, leg con-
trol, muscle tenderness and the FABER distance 
(flexion abduction external rotation).

Imaging (Mascarenhas et al. 2020a): Although 
paramount to diagnose FAIS, imaging assess-
ment remains non-standardized with no consen-
sus on which imaging modalities and parameters 
should be routinely assessed (Kassarjian 2019; 
Mascarenhas et al. 2019). Assessment should be 
based on radiographs (minimum required are AP 
pelvis and a Dunn 45°) and MRI in selected cases 
(Fig.  12). Imaging goals are: (1) to diagnose 
associated soft-tissue damage, (2) to detect early 
or focally advanced OA and (3) to assess patho-
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logic FAI hip morphologies. The differentiation 
or quantification of cam (femoral side), pincer 
(acetabular side) and their frequent combination 
is done on the basis of a predominance of either a 
femoral or an acetabular abnormality (Ganz et al. 
2003; Pfirrmann et al. 2006; Mascarenhas et al. 
2016; Griffin et al. 2016) (Table 12).

The radiologist should not state that abnor-
mal signs and parameters are indicative of 
FAI/FAIS in an asymptomatic patient (as a sub-
stantial proportion of the general population 
have FAI-related morphology (Frank et  al. 
2015). Although these may be mentioned in the 
radiological report, interpretation should be 
undertaken in conjunction with the clinical his-
tory and physical examination (Frank et  al. 
2015; Mascarenhas et  al. 2016; Mascarenhas 
et al. 2018b) (Fig. 12).

Diagnostic injections: A common clinical 
problem lies in determining whether pain (or sur-

rogate symptoms) is really arising from the hip or 
from other structures in the groin and hip region. 
Frequently, image-guided local anaesthetic injec-
tions are useful in helping to resolve this situation 
(Kivlan et  al. 2011; Khan et  al. 2015), as they 
have both diagnostic and therapeutic value. Pain 
relief following a local anaesthetic injection 
would support a FAIS diagnosis, when the other 
diagnostic criteria are met (Griffin et  al. 2016). 
Relief with an intra-articular injection was 90% 
accurate for predicting the presence of intra- 
articular findings during arthroscopy (Byrd and 
Jones 2004) (no relief is a negative predictor of 
short-term outcome following FAI surgery 
(Ayeni et al. 2014)).

Final conclusions (Mascarenhas et al. 2020a): 
Considering previously mentioned parameters 
and ongoing questions, some authors try to define 
what is normal and what is abnormal, also sug-
gesting possible combinations of morphology 

a b c d

e

Fig. 10 (a–e) A schematic representation of the hypoth-
esized mechanism of cam FAI. (a) Normal spherical fem-
oral head and acetabulum, which is congruent with the 
femoral head, provides the hip a wide range of motion. (b) 
cam morphology can cause (c) Cam impingement against 
the acetabular rim, especially during flexion and internal 
rotation of the hip leading to a typical pattern of (d) ace-
tabular chondrolabral damage anterosuperiorly. (e) dMRA 
examination and corresponding surgical hip dislocation 
procedure in a former 35-year-old elite soccer athlete. 

Sagittal fat-suppressed proton-density sequence (right 
image), corresponding radial proton-density-weighted 
sequence (middle image) and surgical hip dislocation cap-
tion (left image). Red curved line represents cam mor-
phology assessed on the radial image at 1:00 o’clock and 
corresponding deformity in the sagittal plane extending 
from 11:30 to 3:00, later confirmed by direct observation. 
dMRA direct arthro-magnetic resonance, FAI femoroace-
tabular impingement
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that characterize classically and recently 
described pathological entities (Sutter and 
Pfirrmann 2017) (Tables 13 and 14).

5.1.3.4  Association Between FAIS 
and Sport Activities

Genetics, sex and physical activity influence 

a b c d

e f g

Fig. 11 (a–g) Schematic representation of the hypothe-
sized mechanism of pincer FAI. (a) Normal spherical 
femoral head and acetabulum, which is congruent with the 
femoral head, provides the hip a wide range of motion. (b) 
A pincer deformity can cause pincer impingement against 
the femoral neck, (c) especially during terminal flexion of 
the hip leading to (d) a typical pattern of circumferential 

acetabular cartilage damage. (e) Acetabular rim ossifica-
tion and (f) labral ossification associated with acetabular 
overcoverage, findings usually seen in Pincer FAI. (g) 
MRA of the right hip of a female 26-year-old field hockey 
player, same athlete as in (f), revealing (1) a small sized 
globular labrum with (2) peripheral cartilage thinning and 
(3) overcoverage of the acetabulum

INITIAL IMAGING ASSESSMENT 

Signs

AP pelvis Dunn 45 Technique Protocol

1. Assess hip morphology 1. Morphology

2. Labrum

3. Cartilage

1. OA assessment

A. Joint space width

B. Tonnis classification

Symptoms

GOLD STANDARD TECHNIQUE

ULTRA
SOUND

SUSPECTED FAIS

GOALS
GOALS

•  1.5 or 3 Tesla
• Direct MRA
 preffered

MRI
Diagnostic injection

guidance
No other definote

roleAP pelvis
Dunn 45

• Supine and Centered • 45° hip flexion • Conventional MRI Anatomical 2D

Radial imaging

Femoral torsion

Pelvis

• MR Arthrography

-Traction (w/wo)

• 20° hip abduction

• 0° rotation

• Check: pelvic tilt,
  obliquity and rotation

Fig. 12 Diagnostic pathway assessment for FAIS (Mascarenhas et al. 2020a, b)
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whether or not a cam morphology develops 
(Nepple et al. 2015). Accordingly, a strong asso-
ciation between sports and the development of 
FAIS exists, with high-level male athletes having 
2–8 times more likelihood in developing a cam- 
type morphology (Nepple et  al. 2015). 
Specifically, the prevalence of cam morphology 
is as high as 89% in athletes participating in 
activities that result in impact loading of the hip 
as compared to only 9% in non-athletic controls 
(Sutter and Pfirrmann 2017).

 1. Activity Type:
 (a) Weight-bearing impact sports: High-level 

athletes participating in activities that 
require high flexion together with rota-
tional movements of the hip (hockey, bas-
ketball, and possibly soccer) are at an 
increased risk of physeal abnormalities 
that result in a cam morphology at skele-
tal maturity (e.g. ice hockey players are 
4.5 times more at risk than skiers).

 (b) Extreme and supraphysiologic hip 
motion: High-level athletes requiring 

beyond physiologic hip joint range of 
motion may not exhibit the typical hall-
marks of FAIS but rather develop a type 
of atypical hip impingement (resembling 
that of Pincer-type) that is associated with 
ballet dancing, ice skating or martial arts.

 2. Activity Level: A dose–response relationship 
exists; elite soccer players who practiced 
more than three times a week before the age 
of 12 years were 2.6 times more likely to have 
a cam morphology than players that practiced 
three times or less.

 3. Window of “increased-risk”: particularly 
between the age of 12 years and the closure of 
the growth plate, athletes with previously nor-
mal hips may develop a cam-type morphol-
ogy of the proximal femur, as this morphology 
mainly develops when the proximal femoral 
growth plate is open. Prevention of potentially 
serious conditions such as cam morphology is 
a major sports medicine priority, although 
currently there is no recommendation on how 
and when to adjust athletic activities (Sutter 
and Pfirrmann 2017).

Table 12 Criteria proposed for classifying pincer and cam morphology in a research/clinical trial setting (regardless of 
the symptomatic state) (Mascarenhas et al. 2020a, b)

Imaging classification criteria for hip morphology
Cam morphology (1 or more) Values Technique
Osseous convexity of the FHN junction + Radiography (preferably AP pelvis and Dunn 45°)

CT or MRI (with radial imaging)Alpha angle ≥60°
FHN offseta

FHN offset ratioa

<8 mm
≤0.15

Radiography (cross-table view)
CT or MRI (with radial imaging)

Pincer morphology Values Technique
Global pincer
(1 or more)

Protrusio acetabuli + Radiographs (standardized AP pelvis)
W-CEA ≥40°
W-CEAa

Acetabular indexa
≥35°
<0°

Global retroversion
(all criteria)

Cross-over sign + Radiographs (standardized AP pelvis)
Posterior wall sign +
Ischial spine sign +

Focal
pincerb

(1 or more)

Cross-over sign + Radiographs (standardized AP pelvis)
Confirmation with CT or MRI recommended

Acetabular version <0° CT or MRI (corrected for tilt on coronal
plane and rotation on the axial plane)

FHN femoral head-neck, W-CEA Wiberg centre-edge angle, COS cross-over sign, CT computed tomography, MRI 
magnetic resonance imaging
aBoth measurements necessary to satisfy this criterion
bCorresponding to cranial retroversion in non-dysplastic hips
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5.1.4  Labrum Pathology

5.1.4.1  Anatomy and Imaging 
Description

The labrum (Fig.  13) is a fibrocartilaginous 
structure, usually with a triangular cross section 
(morphology can vary widely) inserted in the 
osseous acetabular rim (Seldes et al. 2001). The 

articular or internal surface is in continuity with 
the acetabular cartilage and the capsular or 
external surface is attached to the articular cap-
sule. Inferiorly, the labrum is in continuity with 
the transverse ligament. The labral vascular sup-
ply arises from a periacetabular vascular ring 
with radial branches that course over the capsu-
lar surface of the labrum. As it has its own inner-

Table 13 Possible combinations of morphology and angular parameters that characterize pathological entities

Normal Dysplasia Cam FAI Pincer FAI
Acetabular inclination 0–10° >10° Variable <0°
Lateral centre-edge 25–30° <20° Variable >35°
Alpha angle <55° Variable >60° Variable
Retroverted acetabulum Absent Up to 1/3 of patients Variable Frequent
Femoral version 15–20° Mostly anteverted Variable Variable

Table 14 Overview of most relevant femoral and acetabular parameters, notes and recommendations for research and 
clinical practice

Parameter
Measurement values to 
consider

Preferred measurement 
method Notes and recommendations

Alpha 
angle

•  >60° indicates cam 
morphology (at any location 
around the anterosuperior 
FHN junction)

• Radial imaging
•  AP pelvic radiograph 

and Dunn 45° view

• State measurement location
•  Measure and report where maximal 

deformity is noted around the FHN 
junction

Neck-shaft 
angle

•  AP Pelvic radiograph: 
120–135°

• CT: 120–140°

• AP pelvic radiograph
•  CT and/or MRI in the 

coronal femoral neck 
plane

•  Hip rotation and femoral torsion 
influence assessment

• Vary with sex and age

Femoral 
torsion

• 13 ± 10° (Reikeras method) • CT or MRI • Clearly define measurement method

W-CEA • <20°: undercoverage
•  20–25°: borderline 

undercoverage
• 25–39°: normal coverage
• ≥40°: overcoverage

• AP pelvic radiograph •  Clearly define whether W-CEA or 
LCEA is measured

•  Represents superior and lateral 
coverage

Acetabular 
index

• >13°: undercoverage
• <0°: overcoverage

• AP pelvic radiograph • Represents acetabular inclination

Protrusio 
acetabuli

• Present or absent • AP pelvic radiograph •  Represent a qualitative sign of global 
overcoverage

• Always pathological
Cross-over 
sign
Posterior 
wall sign
Ischial 
spine sign

• Present or absent • AP pelvic radiograph • Represent qualitative signs of version
•  COS indicative of Focal Pincer 

(acetabular retroversion)
•  When all signs are present indicative 

of Global Pincer (global retroversion)

Acetabular 
version

•  Cranial version < 0°: Focal 
retroversion

• CT or MRI • Clearly define measurement method
•  Indicative of Focal Pincer (acetabular 

retroversion)

COS cross-over sign, CT computed tomography, FHN femoral head-neck junction, LCEA lateral centre-edge angle, 
MRI magnetic resonance imaging, W-CEA Wiberg centre-edge angle
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vation (coming from the obturator nerve; both 
proprioceptors and nociceptors), when injured 
the labrum can be an important source of pain 
(Seldes et al. 2001) and also might explain the 
decreased proprioception and pain in an athlete 
with a torn labrum. Like the knee meniscus, the 
labrum may have the greatest healing potential 

at the peripheral capsulo- labral junction (Seldes 
et al. 2001).

Localization: Use either (1) the clock-face 
method, where 3 o’clock corresponds to anterior 
and 12 o’clock to a superior position, regardless 
of laterality of the hip (Blankenbaker et al. 2007), 
or the (2) a geographic zone classification system 

a c

b d

Fig. 13 (a–d) (a) Macrophotography of the acetabular 
labrum section. There is a normal depression in the chon-
drolabral transition and the continuity of the labral tissue 
with the bone and cartilage surface (arrow). (b) Radial 
proton-density MRA image of the same groove as in (a) 
(arrow) at the postero-superior quadrant. A peri-labral 
recess is also shown (red arrow). This variant should not 

be confused with labrum rupture. (c) Detail of the anterior 
articular surface where we frequently observe a more pro-
nounced depression in the chondrolabral continuity 
(arrow). (d) Radial proton-density MRA image of the 
same recess as in (c) (arrow) at an anterior position. S 
superior; I Inferior; M medial; L lateral, MRA arthrogra-
phy magnetic resonance imaging
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modified from the acetabular zone method 
described by Ilizaliturri Jr. et al. (2008).

5.1.4.2 Normal Variants (Fig. 13)
Reflect variations of the normal anatomy with 
no clinical consequences, found in up to 25% 
of patients at arthroscopy. Types: (1) Perilabral 
recess: at the capsular surface of the labrum, 
between the joint capsule and the labrum. It is 
present circumferentially with variable depths 
and usually easily distinguishable from a labral 
tear. (2) Sublabral recesses: found arthroscopi-
cally (18–22%) at any location (Saddik et  al. 
2006), although typically found at the 4 o’clock 
position or most frequently (48%) at a postero-
inferior location at the insertion of the trans-
verse ligament. It is a well-defined cleft 
between the labrum and the acetabular hyaline 
cartilage with smooth edges, no signs of 
inflammation and no labral instability on 
probing.

5.1.4.3 Labral Tears (Fig. 14)
General considerations: Known causes are direct 
trauma, capsular laxity, FAI and instability. A 
combination of the dynamic movements per-
formed in sport and the high prevalence of altered 
bony hip morphology, in particular cam morphol-
ogy, is believed to place athletes at greater risk 
(Agten et  al. 2016). Isolated labral tears at an 
anterior position have been associated with ilio-
psoas impingement (Blankenbaker et  al. 2007). 
About half of all labral tears are full-thickness 
tears.

In individuals without pain, a labral tear prev-
alence per person of 56% was reported while in 
persons with pain prevalence was 64% (Heerey 
et al. 2019). Specifically, in sports (such as foot-
ball, golf and tennis), it appears that athletes do 
not have a higher prevalence of labral tears than 
non-athletic individuals regardless of pain status, 
highlighting a potential discordant relationship 
between tears and pain (hence only to be consid-

a b c

d e f

Fig. 14 (a–f) Classification of labrum damage patterns 
(traction MRA). (a) Normal labrum; (b) intrasubstance 
labrum degeneration (*); (c) labral-chondral separation 
(=labral detachment) (arrowhead); (d) intrasubstance 

labrum tear (arrowhead); (e) complex labrum tear (labral- 
chondral separation and intrasubstance labrum tear) 
(arrowheads); (f) labral ossification (arrowheads). MRA 
arthrography magnetic resonance imaging
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ered relevant with an adequate patient history and 
suggestive clinical examination).

Localization: anterosuperior quadrant (84–
86%; lower compressive elastic and lower tensile 
modulus compared with other parts of the labrum, 
favour tears in this location), posterosuperior 
(16%), anteroinferior and posteroinferior tears 
(rare) (Sutter et al. 2014).

Differential diagnosis: A recess (1) is located 
at the base of the labrum, (2) is linear in shape 
(labral tears may extend into the labral sub-
stance), (3) has smooth edges (unlike labral tears, 
that often have irregular borders), (4) do not 
extend through the full-thickness of the labrum 
and (5) are not associated with paralabral cysts.

Imaging and Classification (Fig. 14): Typically, 
in pincer-type FAI the labrum shows thinning, 
intrasubstance fissuring, and fraying, while in 
cam-type FAI there is usually a chondrolabral 
avulsion. Superior labral tears are best identified 
on dedicated coronal images, whereas anterosupe-
rior labral tears are best seen on sagittal and/or 
axial oblique images. Posterior or anterior tears are 
typically most conspicuous on axial oblique 
images. Several surgical and MRI-based classifica-
tions for description of labrum lesions have been 
proposed (Czerny et al. 1996; Seldes et al. 2001; 
Beck et  al. 2005). Due to the weak agreement 
between these classifications, imaging assessment 
of the acetabular labrum may instead focus on an 
accurate descriptive report (Schmaranzer et  al. 
2017; Mascarenhas et al. 2020a) (Table 15).

5.1.5  Cartilage Pathology

5.1.5.1  Anatomy and Imaging 
Description

Hyaline cartilage consists of four discrete layers: 
superficial, transitional, deep and calcified. The 
volume of chondrocytes is highest in the transi-
tional and deep layers, and the orientation of col-
lagen changes at each level. A tidemark between 
the deep and calcified layers acts as a barrier to 
vascular penetration.

5.1.5.2 Normal Variants (Fig. 15)
 – Supraacetabular fossa (10% of individuals): 

anatomic variant located in the acetabular roof 
(12 o’clock), probably representing an age- 
related developmental morphologic variation. 
Type 1: defect in the subchondral bone and 
cartilage, filled with joint fluid; Type 2: defect 
only in the subchondral bone, filled with carti-
lage (Dietrich et al. 2012).

 – Superior acetabular roof notch (17% of men 
and 22% of women on radiographs): sharply 
delineated, more longitudinally, fluid- or fat- 
filled pit in the medial aspect of the acetabular 
roof (Agten et al. 2016).

 – Stellate lesion (or stellate crease): area of the 
acetabular roof without cartilage coverage, 
located more medially than a supraacetabular 
fossa. Some authors believe it is a residuum of 
a healed supraacetabular fossa or a healed roof 
notch (Philippon et al. 2014).

Table 15 Recommended descriptors of labral injury (Mascarenhas et  al. 2020a, b), based on inferential evidence 
(Schmaranzer et al. 2014; Saied et al. 2017; Crespo-Rodríguez et al. 2017)

Parameters Description MRI findings
Location/extent Quadrant description Primary findings:

• Increased intra-substance signal intensity
•  Surface irregularity, truncation, or 

diminutive appearance
•  Linearly increased signal intensity 

traversing the substance of the labrum or 
at the chondrolabral junction

•  Contrast material extending into the tear 
defect (MRA)

Secondary findings:
• Adjacent cartilage abnormalities
• Paralabral cyst formation
• Adjacent bone oedema

Shape and width Triangular/round; mm
Calcifications and 
ossifications

Location and Size

Lesion patterns 1. Intrasubstance labrum degeneration
2. Intrasubstance labral tear
3.  Labral-chondral separation (= labral 

detachment)
4.  Complex labral tear (both intrasubstance 

tear and labral-chondral separation)
5. Labral ossification

MRI magnetic resonance imaging, MRA arthrography magnetic resonance imaging
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5.1.5.3 Cartilage Injury
General considerations: Cartilage defects are 
commonly seen in athletes, both symptomatic 
(25–40% of athletes, as opposed to 64% of all 
symptomatic populations) and asymptomatic 
(10% of athletes and 12% of all asymptomatic 
populations) (Heerey et al. 2019). Thus, it could 
be considered that cartilage defects might con-
tribute to hip-related symptoms and reduction in 
function, with a trend highlighting a greater prev-
alence of acetabular chondral lesions observed in 
symptomatic individuals. Paradoxically, articular 
cartilage is deficient of neural and vascular sup-
ply, rendering it unable to produce pain, reflect-
ing the variable relationship seen between 
cartilage defects and pain. Conceptually, injury 
to the articular cartilage affects joint homeosta-
sis, in addition to biomechanical and neuromus-

cular function. This alteration in joint function 
combined with athletic activity may accelerate 
hip joint degenerative change, which is known to 
occur more frequently in retired athletes.

In athletes, cartilage damage can either result 
from (1) direct impact injury or (2) underlying 
bone deformities (Kaya et  al. 2016). Cam mor-
phologies lead to cartilage delamination (in 
44–52% of FAI cam cases), most often located 
anterosuperiorly adjacent to labral tears (Anderson 
et al. 2009). Conversely, acetabular overcoverage 
may have some protective effect against cartilage 
delamination, although cartilage lesions are found 
in the posteroinferior quadrant of Pincer- type FAI 
patients. Parafoveal cartilage defects posterosu-
periorly on the FH have been described in active 
patients with cam-type FAI participating in activi-
ties requiring repetitive, fast and forceful hip flex-
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Fig. 15 (a-f) (a–c) Coronal proton density fat-supressed 
images with supraacetabular fossa examples with varying 
degrees and depth. (d–f) Superior acetabular roof notch 

seen on (d) radiograph, (e) CT and (f) MRI (fat-filled 
superior acetabular roof notch)
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ion (American football, soccer, hurdles and 
martial arts) (Zaltz and Leunig 2012).

Imaging: Cartilage assessment can be per-
formed with multiple imaging modalities.

 – Radiographs demonstrate secondary signs of 
cartilage loss, such as decreased JSW, sub-
chondral sclerosis and marginal osteophyte 
formation.

 – MRI: imaging technique of choice. Given the 
high signal-to-noise ratio and contrast, 2D or 
3D gradient-echo or FSE proton density- 
weighted sequences are the basic imaging 
techniques used in clinical practice. 
Additionally, 3D imaging is useful for carti-
lage volume and thickness measurements.

 – dMRA: for detecting cartilage disease the sensi-
tivity/specificity may be as high as 79%/94%, 
respectively (Crespo-Rodríguez et  al. 2017). 
Chondral abnormalities are recognized as (1) 
focal signal intensity abnormality, (2) contour 
defects, (3) thinning compared with normal 
adjacent cartilage, and/or (4) gadolinium con-
trast material outlining the articular margins 
and filling surface irregularities or cartilage 
defects. On fat-supressed proton density and 

T1w MR images, low-signal intensity within 
the normally intermediate intensity acetabular 
cartilage is a helpful sign with high specificity 
(90–95%; although with low sensitivity, 
22–74%) for cartilage delamination detection.

 – Advanced biochemically sensitive MRI tech-
niques—such as dGEMRIC, T2, T2* and T1ρ 
mapping, can distinguish subtle early cartilage 
matrix alterations, thereby acting as tools for 
early disease detection and monitoring. 
Despite mapping variations that mirror ana-
tomical differences in various zones and 
regions of hip joint, there are still many unan-
swered questions including the standardized 
application of these techniques and cut-off 
values to provide an algorithmic cartilage 
damage-based approach to managing injury. 
Further evidence that address protocol issues 
regarding reproducible, objective, and mean-
ingful evaluation of articular hip joint carti-
lage are necessary (Hemke et al. 2018).

Classification: Description of the location, 
surface and pattern/grade is recommended 
(Mascarenhas et  al. 2020b) (Table  16 and 
Fig. 16).

Table 16 Recommended descriptors of cartilage lesions on a hip MRI study (Mascarenhas et al. 2020a, b)

Parameters Description Importance
Locationa Quadrant description Diagnostic and surgical planning implications (Zaltz 

et al. 2014):
• location supports a cam/pincer FAI mechanism
• posterior lesions are difficult to access by arthroscopy

Surface sidea Acetabular or femoral Surgical planning and prognostic implications as 
femoral cartilage damage is:
• A poor prognostic factor
• Easier to treat with open surgery than with 
arthroscopy

Extentb Any MRI cartilage damage extending 
<2/>2 “hours” on the clock-face

Long-term outcome of FAIS surgery is worse if 
cartilage damage is greater than 60° around the clock 
face (Hanke et al. 2016)

Patterna Grades: 1. no damage 2. any cartilage 
damage 3. complete cartilage loss
Other descriptors:
1. peripheral (chondrolabral junction) 
vs. central
2. any cartilage damage: if possible add 
details, such as “superficial cartilage 
damage” or “cartilage delamination”

Surgical planning implications:
• Complete cartilage loss in the chondral-labral 
junction: acetabular rim trimming
• Cartilage damage centrally located: cartilage repair 
procedure

MRI magnetic resonance imaging, FAI femoroacetabular impingement, FAIS femoroacetabular impingement syndrome
aRecommendations based on inferential evidence
bRecommendations based on outcome evidence

V. V. Mascarenhas et al.



383

5.1.6  Hip Osteoarthritis
General considerations: Hip OA is not com-
monly seen in athletes who are currently active at 
an elite/professional level, even if they have hip 
and groin pain. The prevalence of hip OA in 
asymptomatic senior athletes appears similar to 
that of older non-athletic populations (17% vs. 
15%). However, after retirement elite male ath-

letes have a greater prevalence of OA and likeli-
hood of undergoing hip arthroplasty (odds 
ratio = 2.5) (Gouttebarge et al. 2015). Interestingly, 
radiographic early hip OA may be seen in younger 
athletes regardless of the presence or absence of 
pain, highlighting a discordant relationship 
between radiographic features observed in early 
hip OA and pain in active athletes.

a b c
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Fig. 16 (a–i) Classification of femoroacetabular carti-
lage damage patterns (traction MRA). (a) Grade 1: no 
damage (normal cartilage thickness). Grade 2: any carti-
lage damage, (b) focal acetabular and (c) femoral partial-
thickness cartilage lesion (arrowheads). Grade 2: any 
cartilage damage, (d) acetabular cartilage delamination 
involving the chondral-labral junction and (e) femoral car-

tilage delamination (arrowheads). Grade 3: complete car-
tilage loss, focal full-thickness (f) acetabular and (g) 
femoral cartilage lesion (arrowheads). Grade 3: complete 
cartilage loss, diffuse full-thickness (h) acetabular and (i) 
femoral cartilage lesion (arrowheads). MRA arthrography 
magnetic resonance imaging
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What is OA?—It is the most frequently 
occurring chronic joint disease worldwide 
(Hawker and Stanaitis 2014). Clinically it is 
characterized by pain, stiffness and loss of func-
tion (Hawker and Stanaitis 2014), and on a tissue 
level by loss of cartilage, osteophyte formation, 
subchondral sclerosis and cyst formation (Wang 
et  al. 2016). OA has a detrimental impact on 
quality of life and represents an increasing eco-
nomic burden to health systems (Turkiewicz 
et al. 2014) (both direct and indirect costs).

The lack of a precise definition of the disease 
has made it difficult to determine the prevalence 
of OA. There is often a discrepancy between the 
clinical presentation and the radiographic evi-
dence of OA.  In research, the commonly used 
definitions of hip OA include (1) “symptomatic 
OA” (ACR criteria) (Hunter et  al. 2011), (2) 
“radiographic OA” (quantified by the Tonnis or 
Kellgren and Lawrence scale (Kellgren et  al. 
1963)) or (3) total joint replacement as a result of 
OA (Hunter et al. 2011).

How to assess?—An AP pelvic radiograph 
with a standardized technique should be 
 preferably used for measuring joint space width 
(JSW) and joint space narrowing (JSN) (Fig. 17). 
Radiographic measurements of JSW and JSN 

are currently the best way to assess structural 
progression and disease severity. (Lane et  al. 
2015). Alternative projections (e.g. false profile) 
can evaluate JSW/JSN in  locations other than 
the superior aspect of the joint and, when com-
bined with an AP view, may increase sensitivity 
to detect structural alterations (Maheu et  al. 
2005). Tönnis classification represents current 
practice in HPS, although evidence supports that 
the “minimum JSW” may be preferable com-
pared to the other classification systems 
(Table 17).

However, considering that several studies 
used radiographs and these are insensitive to 
early cartilage damage, the real disease preva-
lence in athletes may be underestimated. The use 
of imaging methods with greater sensitivity to 
early features of OA may be important for identi-
fying athletes at risk of progression to hip OA.

5.2  Hip Peri-articular Pathology

5.2.1  Greater Trochanteric Pain 
Syndrome

What is it?—Greater trochanteric pain syndrome 
(GTPS) refers to the clinical manifestation of dis-

Fig. 17 Examples of measurement of minimum joint 
space width. This measurement should be carried out in 
an AP pelvic or hip-centred radiographs. Joint space 

width should be measured where maximal joint space nar-
rowing is observed, preferably at the weight-bearing 
region of the hip joint
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ease about the GT, presenting with lateral hip 
pain and focal tenderness on palpation. 
Abnormalities of the hip abductor tendons 
(namely gluteus minimus (Gmin) and gluteus 
medius (Gmed) tendon) and the GT bursa are the 
most common aetiologies. It is a common cause 
for lateral hip pain in active middle-aged women 
and an increasingly recognized entity in athletes, 
mainly runners and ballet dancers (Nawabi et al. 
2014; Cruz et al. 2019).

What causes it?—The main cause is usually 
a tendinopathy resulting from chronic repetitive 
microtrauma of the abductors followed by ilio-
tibial band (ITB) hypertrophy, and, to a lesser 
extent, abductor tendon tears and degeneration 
(especially the Gmed and Gmin). GTPS also 
includes (1) trochanteric bursitis, (2) calcific ten-
dinosis and (3) coxa saltans. Two or more of 
these findings may be found jointly. 
Paratendinopathy is the earliest manifestation 

(fluid-like signal intensity superficial to the ten-
dons on MR) (Boric et al. 2019).

Anatomy (Hirschmann et al. 2017): The GT 
has four facets: the anterior, lateral, posterior and 
superoposterior facets. The Gmin tendon inserts 
on the anterior facet. The Gmed tendon has two 
attachments: the anterior (attaches broadly on the 
lateral facet) and the posterior portions (narrower 
attachment on the superoposterior facet). Bursae: 
(1) subgluteus minimus bursa (between the Gmin 
tendon/anterior facet), (2) the subgluteus medius 
bursa (between the Gmed tendon/lateral facet) 
and (3) trochanteric bursa (superficial to the pos-
terior facet and deep to the gluteus maximus 
muscle).

Imaging (Boric et al. 2019):

 – Radiographs: usually normal, although 
calcifications adjacent to the GT may be 
seen.

 – US: Sonopalpation is useful for reproducing 
pain. Tendinopathy is defined by tendon thick-
ening and heterogeneous hypoechogenicity. 
Peritendinous hyperaemia may be demon-
strated at Doppler. Enthesopathy is manifested 
by bony irregularity at the GT facet insertion. 
Anechoic defects within the tendon are con-
sistent with tendon tears (partial or 
full-thickness).

 – MRI: gluteal tendinopathy is characterized by 
tendon thickening and increased intrasu-
bstance signal intensity on T2-weighted 
images, with peritendinous oedema repre-
senting paratendinopathy. A focal defect in 
tendon fibres suggests a partial-thickness 
tear. In the setting of complete tendon tear, 
there is often (1) retraction of torn fibres with 
fluid and/or granulation tissue filling the tear 
defect, (2) a “bald” GT facet sign when there 
is complete absence of the Gmed or Gmin 
tendon insertions, similar to the shoulder 
rotator cuff.

5.2.2  Snapping Hip
What is it?—It is characterized by sudden 
painful, audible snapping around the hip, typi-
cally seen in young athletic adults. Painful 
symptoms are reproduced with specific 

Table 17 The Tönnis and the Kellgren and Lawrence 
classifications of osteoarthritis (Busse et  al. 1972; 
Schiphof et al. 2008)

Tönnis
Kellgren and 
Lawrence

Grade 0 No signs No features
Grade 1 Slight narrowing of 

joint space, slight 
lipping at joint 
margin, slight 
sclerosis of femoral 
head or acetabulum

Doubtful narrowing 
of joint space and 
possible osteophytic 
lipping

Grade 2 Small cysts, 
increased narrowing 
of joint space, 
moderate loss of 
femoral head 
sphericity

Definite 
osteophytes and 
possible narrowing 
of joint space

Grade 3 Large cysts, severe 
narrowing or 
obliteration of joint 
space, severe 
deformity of 
femoral head, 
avascular necrosis

Moderate multiple 
osteophytes, 
definite narrowing 
of joint space, some 
sclerosis and 
possible deformity 
of bone ends

Grade 4 – Large osteophytes, 
marked narrowing 
of joint space, 
severe sclerosis and 
definite deformity 
of bone ends
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movements, most frequently moving the hip 
from a frog-leg position to a neutral position 
(Boric et al. 2019).

What causes it?—Two forms: (1) intra- 
articular (due to intra-articular disease) and (2) 
extra-articular causes (these are further divided 
into external and internal types) (Boric et  al. 
2019).

 1. Internal snapping hip syndrome (or ilio-
psoas snapping) (Agten et  al. 2016; Hegazi 
et al. 2016):

 (a) Caused by sudden movements of the ilio-
psoas tendon over either (1) the iliopec-
tineus eminence, (2) the FH, (3) a 
paralabral cyst or (4) the medial aspect 
of the iliac muscle. It can be accompa-
nied by an iliopsoas tendinopathy and/or 
bursitis. When the leg is brought into 
extension, the tendon moves smoothly 
into a position in contact with the pubic 
bone.

 (b) Can be asymptomatic. Symptomatic 
cases most commonly occur with activi-
ties or sports that require significant hip 
ROM, such as dance, soccer, hockey and 
football.

 (c) Imaging: dynamic US can show in real 
time the sudden displacement of the 
referred tendons over the underlying 
structure or pathological structure. US 
and MRI can reveal iliopsoas tendinopa-
thy and iliopsoas bursitis.

 2. External snapping hip syndrome (including 
iliotibial band snapping) (Agten et  al. 2016; 
Boric et al. 2019):

 (a) Involves lateral structures such as the ITB 
and the gluteus maximus muscle. 
Snapping occurs as these structures move 
over the GT during hip flexion and exten-
sion. The underlying cause could be a 
thickening of the posterior part of the ITB 
and the anterior part of the gluteus 
maximus.

 (b) Athletes, particularly runners, dancers, 
soccer players and weight lifters, may 
experience popping movements of the 
ITB or the gluteus maximus muscle over 
the GT during full hip extension.

 (c) Imaging: It is usually a clinical diagno-
sis and seldom requires imaging. US can 
show in real time the sudden displace-
ment of the ITB or the gluteus maximus 
muscle over the GT and fluid in the tro-
chanteric bursa. Other US findings are a 
hypoechoic and thickened ITB at the 
level of the GT.  MRI can also reveal 
reactive fluid within the trochanteric 
bursa from repetitive mechanical snap-
ping, between the Gmed tendon and the 
gluteus maximus muscle/iliotibial band, 
sometimes extending posteriorly around 
the GT.

5.2.3  Extra-articular Hip 
Impingement Syndromes

5.2.3.1  Deep Gluteal Pain Syndrome (and 
Piriformis Syndrome)

What is it (Hernando et  al. 2015; Kizaki et  al. 
2020)?—The deep gluteal pain syndrome 
(DGPS) definition comprises three characteris-
tics: (1) non-discogenic, (2) sciatic nerve pain 
and (3) entrapment in deep gluteal space (DGS). 
Common and underdiagnosed causes are fibro-
vascular bands and entrapment related to the 
external rotator muscles. Piriformis syndrome 
can be classified as a subgroup of DGPS (Fig. 18).

Anatomy (Hernando et al. 2015): The DGS is 
the cellular and fatty tissue located between the 
middle and deep gluteal aponeurosis, not clearly 
visible on MR, limited by (1) posteriorly: Gluteus 
maximus muscle, (2) inferiorly, continues into 
and with the posterior thigh, (3) laterally it is 
demarcated by the linea aspera and the lateral 
fusion of the middle and deep gluteal aponeuro-
sis layers extending up to the tensor fasciae lata 
muscle via the iliotibial tract, (4) anteriorly by 
the posterior face of the femoral neck and the GT 
and (5) medially comprised of the greater and 
minor sciatic foramina.

Diagnosis (Kizaki et  al. 2020): The general 
diagnostic pathway for DGPS is composed of (1) 
clinical history (posterior hip pain, radicular 
pain, and difficulty sitting for 30 min), (2) physi-
cal examination (tenderness in deep gluteal 
space, positive seated piriformis test, and positive 
Pace sign), (3) imaging tests (pelvic radiographs, 
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pelvic MRI, and spine MRI) and (4) local imag-
ing guided injections (perineural injections with 
corticosteroid and local anaesthetic have both a 
diagnostic and therapeutic function).

Imaging: The sciatic nerve/subgluteal space 
is not routinely scoped during hip arthroscopy, 
and therefore a preoperative diagnosis of sciatic 
nerve entrapment on MRI is necessary. MRI is 
the diagnostic procedure of choice and may sub-

stantially influence management of these patients. 
MRI may identify (1) anatomical muscle or ten-
dons variations and (2) sciatic nerve abnormali-
ties, such as signal changes. The normal sciatic 
nerve is a well-defined oval structure, isointense 
to adjacent muscle tissue (T1w). On T2-weighted 
or short tau inversion recovery images, the nor-
mal sciatic nerve is isointense or mildly hyperin-
tense to muscle and hypointense to regional 

a

c

b

Fig. 18 Male soccer player, 28 years old. Bilateral piri-
formis hypertrophy (piriformis syndrome), symptomatic 
on the left. (a) Axial oblique PD Fat-Sat and (b) sagittal 
PD Fat-Sat show oedema and enlargement of the left sci-

atic nerve (white arrows), entrapped beneath an enlarged 
piriformis muscle. (c) Pelvis T1w shows bilateral hyper-
trophic piriformis muscle (orange curved line) with the 
enlarged sciatic nerve (white arrow)
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vessels, with clearly defined fascicles separated 
by interposed lower signal connective tissue 
(Hernando et al. 2015).

MR neurography: The use of high resolution 
and high field strength equipment revealed excel-
lent anatomic capability to demonstrate sciatic 
neuritis and entrapment. Diffusion tensor imag-
ing and diffusion tensor tractography of the sci-
atic nerve (Fig.  19) have shown promising 
capabilities in patients with suspected entrap-
ment (Hernando et al. 2015; Nakano et al. 2017; 
Kizaki et al. 2020).

5.2.3.2 Ischiofemoral Impingement
What is it?—It is a form of atypical, extra- 
articular hip impingement defined by hip pain 
related to narrowing of the space between the 
ischial tuberosity and the femur (Singer et  al. 
2015). In asymptomatic elite gymnasts, however, 
a narrowed ischiofemoral space (IFS) and 
oedema in the quadratus femoris (QF) muscle are 
frequent findings, often bilaterally.

What causes it?—The aetiology is multifac-
torial including (1) anatomical variants (of the 
proximal femur or pelvis; e.g. coxa valga), (2) 
hip or pelvic/spinal instability, (3) muscle imbal-
ance (e.g. abductor/adductor), (4) overuse or 

extreme hip movements, (5) ischial tuberosity/
hamstring enthesopathies, (6) trauma, (7) iatro-
genic conditions and (8) tumours (Singer et  al. 
2015).

Anatomy: The IFS lies between the ischial 
tuberosity and the lesser trochanter. The quadra-
tus femoris space (QFS) lies between hamstring 
tendons and lesser trochanter.

Diagnosis (Singer et al. 2015): based in sug-
gestive clinical presentation and MRI findings 
(Table 18 and Fig. 20). MRI signal abnormalities 
are present within the IFS in 9.1% of asymptom-
atic patients.

 – Clinical presentation (Hernando et al. 2016): 
Pain in the DGS, often on dynamic movement, 
radiating to the groin, buttock and hip region. 
Clicking and locking is also described. 
Physical examination is imprecise and often 
difficult to interpret.

 – Imaging (Hernando et  al. 2016): MRI is the 
diagnostic procedure of choice as it may sub-
stantially influence clinical management (best 
assessed on axial views). Dynamic MRI uti-
lizing a full range of rotation will help to con-
firm impingement (see Table  18 for 
characteristic findings).

 – Injection test of the IFS: paramount in many 
cases as it has both a diagnostic and therapeu-
tic function.

5.2.3.3 Subspine Impingement
What is it?—It is an osseous and/or soft-tissue 
impingement due to a mechanical conflict fol-
lowing an altered position or morphology of the 
AIIS which impacts the distal femoral neck and 
FHN junction particularly during hip flexion 
(clinical-radiologic diagnosis) (Nakano et  al. 
2017).

Anatomy: The AIIS (origin of the direct ten-
don of the rectus femoris muscle and the tendon 
of the iliocapsularis muscle) may have a variable 
morphology (based on the relations between the 
AIIS and the anterosuperior acetabular rim). 
Types described: (1) type I (normal)—a smooth 
ilium wall between the AIIS and the acetabular 
rim; (2) type II—AIIS extends to the level of the 
rim; (3) type III—AIIS extends distally to the 

Fig. 19 Female non-athlete, 48 years old. MR tractogra-
phy showing altered parameters and enlarged right sciatic 
nerve in the deep gluteal space (middle and distal 
segments)
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Table 18 Peri- and extra-articular hip impingement syndromes

Clinical 
characteristics Physiopathology Radiologic findings

Deep Gluteal 
Pain 
Syndrome

• Men = women, 
typically >40 years
• Cx confused with 
lumbar and intra- or 
extra-articular hip 
diseases
• Sitting pain with 
the absence of 
lumbar spine 
pathology on 
imaging
• Active piriformis 
test and seated 
piriformis test stretch

• Multifactorial aetiology of 
sciatic nerve entrapment through 
its subgluteal path.
• Causes: iatrogenic (30%; 
previous injection/intervention), 
piriformis syndrome (26%), 
trauma (15%), non-piriformis 
(hamstring, obturator internus) 
muscle pathology (14%), skeletal 
injury and entrapment (7%), 
endometriosis (6%), and vascular 
compression (2%)
• First-line therapy includes 
injection and physiotherapy

• Image-guided injections(US or 
CT/MRI guided) are a useful tool to 
diagnose and treat this syndrome.
• MRI, MRN and MR tractography.
• Typically morphological muscle/
tendons anomalies (namely 
piriformis syndrome), fibrovascular 
bands and sciatic neuritis.
• Neural alterations: (1) Neural 
enlargement, (2) loss of the normal 
fascicular appearance, (3) increased 
perifascicular and endoneural signal 
intensity on fluid sensitive sequences

Ischiofemoral 
impingement

• ↑ Women, 50–55 
y.o. (range 11–77)
• Pain in the deep 
gluteal region, ↑ 
ER-EX-AD
• Positive 
ischiofemoral 
impingement test, 
and long stride 
walking test

• Multifactorial aetiology
• Reduced IFS or QFS with 
quadratus femoris muscle 
impingement
• Quadratus femoris muscle 
injury with variable severity

• QF muscle: oedema ± fatty 
atrophy ± tear
• Narrowed IFS (cut-off of ≤15 mm, 
a sensitivity/specificity/accuracy of 
76.9%/81.0%/78.3%, respectively)
• Narrowed QFS (cut-off of 
≤10.0 mm results in sensitivity/
specificity/accuracy of 
78.7%/74.1%/77.1%, respectively)
• Sciatic neuritis

Subspine AIIS 
impingement

• ↑ Men, 15–30 y.o., 
sports active ≈ FAI
• Groin/anterior pain
↑ Forced FL
• Positive 
impingement test

• Acute or chronic pain due to 
repeated microtrauma to the RF 
insertion in the AIIS → 
apophysis, osseous or tendinous 
avulsion
Aetiology:
• Extra articular (AIIS 
hypertrophy or elongation; 
primary or, secondary to trauma, 
acetabular retroversion or 
post-PAO)
• Intra-articular (morphological 
alteration in the subspinal space)

• Osseous abnormality of the AIIS 
or subspinal space (deformity or 
excessive elongation, with caudal 
extension at or below the acetabular 
rim level)
• Heterotopic ossifications in the 
path of the rectus femoris muscle
• Ganglion cysts in the femoral neck 
in a more distal location than seen in 
FAI.
• Fracture of the acetabular rim, 
focal chondrolabral damage

Iliopsoas 
impingement

• 25–35 y.o.
• Groin/anterior 
pain,
↑ FL and prolonged 
sitting

• Excessive contact of the 
iliopsoas tendon over the labrum, 
particularly with EX movements
• Signs of FAI may be absent

• MRI/MRA
• Lesion of anterior labrum (3 
o’clock position)

Trochanteric- 
pelvic 
impingement

• Men = women, 
15–40 y.o.
• Posterolateral pain, 
↑ EX and ABD
• Positive “gear 
stick” sign

• Morphological alteration of the 
femoral proximal epiphysis of 
multifactorial
aetiology → abnormally high
position of the GT with respect to 
the femoral head, coxa vara
• Hypermobility or hyperlax 
(without morphological 
alterations)

• Radiographs: AP pelvis and hip
• Typical morphological alterations; 
(1) coxa vara, magna, brevis or 
plana, (2) high position of 
GT ± DDH

Cx clinical features, FL flexion, EX extension, ABD abduction, AD adduction, ER external rotation, IFS ischiofemoral 
space, QFS quadratus femoris space, GT greater trochanter, PAO periacetabular osteotomy, AIIS anteroinferior iliac 
spine, MRN MR neurography, DDH developmental hip dysplasia, MRI magnetic resonance imaging, MRA magnetic 
resonance arthrography, yo years old, RF rectus femoris, AIIS antero-inferior iliac spine, AIIS antero-superior iliac 
spine, FAI femoracetubular impingement
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acetabular rim. Type II and III variants are associ-
ated with a decrease in hip flexion and internal 
rotation, although they may be asymptomatic 
(Hetsroni et al. 2013).

Diagnosis (Fig.  21): Conjunction of charac-
teristic clinical and imaging findings (Galeano 
et al. 2018).

 – Clinical Presentation: anterior hip or groin 
pain aggravated with certain sporting activi-
ties such as the ball-kicking/speed-running 
when playing soccer. Sometimes it unilater-
ally affects the dominant leg.

Imaging
• Radiographs: AP pelvis radiograph, hip 

Lequesne’s false profile and three-

dimensional CT play important roles since 
they allow the orthopaedic surgeon to per-
form an adequate preoperative evaluation.

 – MRI/MRA role is detecting associated intra- 
articular pathology as fractures of the acetabu-
lar rim and focal chondrolabral lesions are 
similar to the ones visible in the pincer type of 
FAI (see Table 18 for characteristic findings).

5.3  Pelvis

5.3.1  Stress Fractures
General considerations: Stress fractures (SF) 
are caused by mechanical overload of bone and 
comprise a spectrum of bone strain, stress reac-
tion and true stress fractures. They occur when 

a b

c

Fig. 20 (a–c) Ballet male dancer, 32  years old. 
Symptomatic ischiofemoral impingement. (a) Sagittal PD 
Fat-Sat. Moderate oedema (orange line and white arrow) 
with fatty atrophy of the Quadratus femoris muscle. (b) 

Axial PD Fat-Sat and (c) T1w show narrowed IFS (around 
14 mm) and borderline QFS (10 mm) (white arrows). No 
sciatic neuritis or hamstring changes were depicted
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repetitive mechanical stresses are applied to 
bone, none of which intense enough to cause an 
acute fracture. Although in reality both mecha-
nisms often coexist in athletes (e.g. young 
females with osteopenia) (Marshall et al. 2018), 
conceptually SF can be divided in

 1. Fatigue fractures: mainly seen in young, 
active individuals, when supraphysiologic 
repeated stress is applied to a bone with nor-
mal elastic resistance.

 2. Insufficiency fractures: more commonly seen 
in the elderly population, caused by repeated 
mechanical stress, within the normal physio-
logic range, applied to a bone with diminished 
elastic resistance (most commonly due to 
osteoporosis).

Stress fractures are more common in women, 
athletes and military recruits, and usually occur 
in weight-bearing bones. SF of the femur and 
pelvis account for approximately 4.2–48.0% and 
1.3–5.6% of SF in athletes, respectively (Liong 
and Whitehouse 2012). They may occur any-
where in the pelvic region and femur, but pre-
dominate in the proximal femur, sacrum and 
inferior pubic ramus (Table  19). Certain activi-

ties, such as running, are associated with a high 
incidence of these lesions. Furthermore, osteopo-
rosis, previous irradiation of the pelvis, the 
“female athlete triad” (low energy availability, 
with or without disordered eating, menstrual dys-
function and low bone mineral density), corticoid 
therapy, total hip replacement and spinal instru-
mentation are factors associated with pelvic SF 
(Peh et al. 1996; Vavken et al. 2008; Miller et al. 
2015).

Femoral neck stress fractures (predominantly 
of the fatigue type) (Fig. 22) are particularly wor-
risome, as they can progress to complete frac-
tures with dislocation and result in avascular 
necrosis of the FH. When these fractures involve 
the tension (lateral) side of the femoral neck the 
risk is higher, as opposed to compression (medial) 
side fractures (Marshall et  al. 2018). Some of 
these lesions are uncommon and require a high 
level of suspicion for adequate diagnosis (e.g. 
sacral fractures in young female runners (Major 
and Helms 2000)). In older patients, stress frac-
tures (predominantly of the insufficiency type) 
commonly involve the sacrum and pubic rami, in 
one or both sides of the pelvis (Figs. 23 and 24). 
The supraacetabular region, ilium and pubic rami 
are other occasional locations of stress fractures.

a b c

Fig. 21 (a–c) Male soccer player, 25  years old. Right 
subspine impingement. (a) Right AP hip radiograph 
showing a prominent AIIS (orange line) with caudal 
extension below the acetabular rim level (type 3). Also, 
heterotopic ossifications are seen in the path of the rectus 
femoris muscle (white arrow). (b) Radial fat-supressed 

proton density at 2 o’clock. Associated ganglion cysts in 
the femoral neck and acetabular chondral delamination is 
seen (white arrows). (c) Sagittal fat-supressed proton den-
sity. Osseous abnormality of the AIIS, deformed and with 
excessive elongation (orange curved line) with acetabular 
cartilage delamination (small white arrow)
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Imaging Assessment
• Radiographs: useful in first-line assessment 

and for differential diagnosis, although they 
are inaccurate in the initial demonstration of 
stress lesions. Radiographic findings may not 
appear in every patient, and, even if they do, it 
may take weeks to months after the onset of 
symptoms (Greaney et  al. 1983). Findings 
include: (1) focal osteopenia or blurring of 
bone contours, followed by (2) focal perios-
teal reaction and linear sclerosis or a (3) frank 
fracture line, usually perpendicular to the cor-
tex and trabeculae.

 – MRI: gold standard technique in the assess-
ment of stress lesions. It is both sensitive and 
specific to evaluate the continuum of stress 

response and is able to differentiate stress 
reactions (bone marrow oedema on fluid- 
sensitive sequences, associated with perios-
teal, endosteal and peri-osseous oedema, but 
no fracture line) from a stress fracture (when a 
fracture line becomes evident).

 – CT can show bony detail to a better degree and 
is frequently used in the evaluation of the bony 
pelvis and as a problem-solving tool when 
other techniques are equivocal. Sclerotic 
bands or fracture lines can easily be demon-
strated with CT (Fig. 23) but it cannot show 
the early stages of stress lesions.

 – Bone scintigraphy is a very sensitive tech-
nique that can show early stress lesions, but it 
lacks specificity and has limited spatial 
resolution.

5.3.2  Muscles, tendons and enthesis

5.3.2.1 Apophyseal Injuries
General considerations: Apophysis are normal 
bony outgrowths that serve as insertion points for 
tendons and ligaments. They arise from a sepa-
rate ossification centre, fusing to the remaining 
bone later in life (Table  20). Mechanical stress 
applied to the muscle-tendon-bone unit in the 
adult athlete may result in tendon tear or myoten-
dinous lesions. In the child or adolescent, the 
weakest structure in this unit is the cartilaginous 
growth plate of the unfused apophysis, which 
may tear and displace as a result of traction stress, 
resulting in bony or cartilage avulsion.

Table 19 Topographic distribution and associated sports 
in pelvic and proximal femoral stress injuries (Kiuru et al.  
2003; Liong and Whitehouse 2012)

Location % of cases Associated activities
Sacrum 16,1% Long-distance 

running, hockey, 
basketball, tennis 
and volleyball

Inferior pubic ramus 19,5% Long-distance 
running

Superior pubic 
ramus

1,7% Football

Iliac bone/
Acetabulum

2,3% Running

Femoral neck 40,2% Long-distance 
running,
jumping and ballet 
dancing

Femoral proximal 
shaft

19,5%

Femoral head 0,6%

Fig. 22 Incomplete stress fracture involving 
the tension and compression sides of the 
femoral neck in a 29-year- old female trail 
runner. Coronal STIR image of the pelvis shows 
extensive bone marrow oedema in the right 
femoral neck, associated with cortical 
discontinuity and a transverse hypointense 
trabecular fracture line (arrows)
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a

c

b

Fig. 23 (a–c) Stress fracture of the sacrum in a 61-year- 
old woman with spinal arthrodesis (not shown). (a) Axial 
oblique CT scan image reveals linear hyperdensity on the 
left sacral wing (arrows), paralleling the sacroiliac joint 
space. Arthrodesis-related abnormal distribution of loads 

may be a factor contributing stress. (b and c) 35-year-old 
non-professional athlete. (b) Coronal oblique T1w and (c) 
axial oblique fat-suppressed T2-weighted images show a 
similar stress fracture (arrows), surrounded by extensive 
bone marrow oedema

Fig. 24 Pubic ramus 
stress fracture in a 
45-year-old non- 
professional athlete 
(long-distance runner). 
Axial fat-supressed 
T2-weighted image of 
the pelvis depicts a right 
inferior pubic ramus 
fracture (arrow) with 
surrounding bone and 
soft tissue oedema
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Apophyseal avulsion fractures are typically 
seen in the developing skeleton, being more prev-
alent in male adolescents. They usually occur 
after a strong sudden pull exerted on the apophy-
sis by muscle contraction, although they may 
also be caused by chronic repetitive microtrauma. 
Intensive training further aggravates the struc-
tural imbalance at the muscle-tendon-bone unit 
in the young athlete, due to the combined effect 
of increased repetitive traction stresses and 
training- induced hypertrophic muscles (which 
place increased traction forces across the growth 
plate) (Boric et  al. 2019). Sports that involve 
kicking, jumping and sudden velocity changes, 
such as football, rugby and sprinting, are fre-
quently implicated.

Apophyseal avulsions are unusual in the 
mature skeleton and should prompt a search 
for an underlying cause. Avulsion of the lesser 
trochanter in an adult patient, in particular, 
should be considered a sign of metastatic dis-
ease until proven otherwise (Sanders and 
Zlatkin 2008).

The pelvis is a frequent location of apophyseal 
injury (Fig. 25). Although any pelvic enthesis can 
be affected, the (1) ASIS, (2) AIIS and (3) ischial 
tuberosities are more commonly injured 
(Table 21).

Diagnosis: While (1) clinical presentation is 
often diagnostic (onset is typically sudden, after 
the inciting event, with focal pain, swelling and 
gait impairment), (2) AP and oblique radio-
graphs with contralateral comparison views are 
important to assess the size and degree of dis-
placement of the avulsed fragment (Fig.  26). 
They may be inconspicuous however, if the 
apophysis is non-displaced or non-ossified, in 
which case US or MRI can be very helpful 
(Figs.  27, 28, 29, and 30). (3) MRI may show 

discontinuity of the apophysis, along with bone, 
physeal and soft tissue oedema and associated 
muscle and tendon injuries. (4) CT may have a 
role to better delineate bone detail in equivocal 
cases. Occasionally, exuberant callus formation 
can have an aggressive imaging appearance and 
be misinterpreted as neoplasm or infection 
(Sanders and Zlatkin 2008). A high degree of 
suspicion, along with a detailed clinical history 
and thorough anatomic knowledge should help 
avoid this pitfall.

Table 20 Appearance and fusion of pelvic apophyseal 
ossification centres (Boyd et al. 1997)

Ossification centre Appearance Fusion
Iliac crest 13–15y 15–17y
Anterior-superior iliac spine 13–15y 21–25y
Anterior-inferior iliac spine 13–15y 16–18y
Ischial tuberosity 16–18y 19–25y
Greater trochanter 2–5y 16–18y
Lesser trochanter 8–12y 16–18y

Fig. 25 AP radiograph of the pelvis depicting common 
and uncommon sites of apophyseal avulsion fractures: 
insertion of the abdominal wall muscles at the iliac crest 
(dark blue), insertion of the tensor fascia lata and sartorius 
tendons at the anterior superior iliac spine (green), inser-
tion of the direct head of the rectus femoris tendon at the 
anterior inferior iliac spine (red), insertion of the gluteus 
medius and minimus tendons at the greater trochanter 
(yellow), insertion of the iliopsoas tendon at the lesser tro-
chanter (orange), insertion of the hamstrings at the ischial 
tuberosity (purple) and insertion of the adductors and 
gracilis at the symphysis pubis (light blue)

Table 21 Prevalence and sports distribution of pelvic 
apophyseal avulsion injuries (Eberbach et al. 2017)

Location Prevalence
Main associated 
activities

Ischial tuberosity 11–54% Gymnastics and 
football

Anterior-inferior 
iliac spine

22–49% Football, athletics 
and tennis

Anterior-superior 
iliac spine

19–30% Football, athletics 
and gymnastics

Iliac crest 2–10% Football, gymnastics 
and tennis

Pubic symphysis 0–3% Football and fencing
Lesser trochanter 0–2% Ball sports
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Treatment is usually conservative, but 
when significant displacement occurs (more 
than 1.5–2  cm), surgery may be beneficial. 
Residual post-traumatic apophyseal defor-
mity or non- union (Fig.  31) at specific loca-
tions may cause soft tissue impingement (e.g. 
subspine or ischiofemoral) (Calderazzi et  al. 
2018).

5.3.2.2 Muscle and Tendon Injuries
General considerations: Muscle lesions are the 
most common pelvic injuries in sports (Boyd 
et al. 1997; Brittenden and Robinson 2005). They 
can be caused by indirect (stretch-induced) or 
direct (contusion or laceration) trauma.

In the adult athlete, the myotendinous junction 
(MTJ) is a particularly vulnerable region from 

a b

Fig. 26 (a, b) Iliac spine avulsion injuries. Oblique hip 
radiographs in adolescent males after (a) sprinting and (b) 
football injuries, depicting apophyseal avulsion fractures 

(arrows) of the (a) ASIS and (b) AIIS. AIIS anterior infe-
rior iliac spine, ASIS anterior superior iliac spine

Fig. 27 14-year-old boy with anterior right hip pain after 
a football injury (“kicking in the air”). Longitudinal US 
scan of the insertion of the direct tendon of the rectus 
femoris (RF) on the right AIIS, evidencing apophyseal 

separation (arrow). The left asymptomatic side is shown 
for comparison. AIIS anterior inferior iliac spine, US 
ultrasound
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the biomechanical standpoint, which accounts 
for its usual involvement in indirect trauma, 
typically after a violent contraction or an abrupt 
motion block. The rectus femoris, biceps femoris 
and adductor longus are most commonly involved 
in this type of injury (Crema et al. 2015; Agten 
et al. 2016). Soft tissue contusions are common 
in collision and contact sports. These direct-type 
injuries may occasionally result in muscle hema-
toma and, less commonly, compartment syn-
drome or myositis ossificans. In the hip and thigh 
region, the most frequently affected muscle by 
direct injuries is the vastus intermedius.

Delayed-onset muscle soreness (DOMS) is 
another common condition in sports that results 
from strenuous exercise of a muscle or muscle 
group, and presents on MRI as muscle oedema 

that can mimic a low-grade muscle injury. 
Clinical presentation is distinct and allows differ-
entiation between the two, since pain associated 
with DOMS reaches a peak from 24–72 h after 
the inciting activity, while in muscle injury it has 
an immediate onset (Guermazi et al. 2017).

In contradistinction to muscle injuries, which 
are typically the result of a single major traumatic 
event, tendon lesions can present either as an 
overuse or as an acute injury.

Imaging: While MRI is the most sensitive and 
comprehensive technique to evaluate muscle 
injuries, US can be very useful as an adjunct, 
when access to MRI is limited or a fast screening 
is desired.

US: Muscle fibre and tendon discontinuity can 
be detected, along with hyperechoic hematic 

a b

Fig. 29 (a, b) 14-year-old football player complaining of 
pain after a sudden pull during a match. (a) Axial and (b) 
coronal fat-supressed T2w images show left ischial tuber-

osity avulsion (arrow), with moderate dislocation of the 
avulsed fragment

Fig. 28 15-year-old boy 
with anterior hip pain 
after a football injury. 
Axial fat-supressed T2w 
image of the pelvis 
shows bone and soft 
tissue oedema involving 
the right anterior inferior 
iliac spine (arrow), 
consistent with 
non-dislocated 
apophyseal avulsion
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muscle infiltration, fluid collections, perifascial 
fluid and fascial disruption. This technique also 
allows comparative and dynamic assessment 
(active muscle contraction may help demonstrate 
subtle tears), and can be used to guide interven-
tional procedures in real time.

MRI: Currently, MRI may be of value for con-
firming the clinical diagnosis and determining 
the extent of muscle injury, but so far MRI find-
ings have not demonstrated superiority over clin-
ical features in determining time to RTS.  A 
combination of T1w and fluid-sensitive (fat- 
suppressed PD/T2 or STIR) sequences should be 
used. Oedema and/or fibre discontinuity should 
be noted, as well as the amount of fibre retraction 
when present.

Classification: Several systems have been 
developed (Cruz and Mascarenhas 2018). The 
most commonly used are (1) the classic three- 
grade system described by Takebayashi, and the 
more recently developed (2) Munich Consensus, 
(3) British Athletics Muscle Injury and (4) 
MLG-R classifications. Despite the continued 
endeavours to establish more comprehensive 
classification systems, the prognostic value of 
MRI in muscle injury is limited. The overlap in 
recovery times between different anatomic types 
of injury may be explained by a multitude of 
other relevant factors, such as the type of sport, 
the player’s role in the team, his/her mental char-
acteristics and the timing of the injury in the sea-
son (Reurink et al. 2014).

a

c

b

Fig. 30 (a–c) 16-year-old male football player boy with 
pain over the right anterior iliac crest. (a) Sagittal and (b) 
coronal fat-suppressed T2w MR images of the pelvis 
show bone oedema of the iliac crest apophysis and adja-

cent iliac bone (arrows). (c) Axial CT scan image con-
firms the diagnosis of right iliac crest apophyseal injury 
(arrowhead). (Case courtesy of Dr. Armando de Abreu, 
Porto Alegre, Brazil)
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What to report: (a) the involved structure(s), 
(b) the location of the lesion (proximal, central or 
distal), (c) the anatomical site of injury (myofas-
cial, musculo-tendinous, or intratendinous) and 
(d) the injury extent (percentage of cross- 
sectional area and longitudinal length).

How to report: As a general rule, for both MRI 
and US, the axial plane should be used primarily 
to assess muscle injuries and determine the maxi-
mum percentage cross-sectional area of fibre dis-
continuity, while imaging in the sagittal and 
coronal planes helps to evaluate the longitudinal 
extent and degree of retraction (Cruz and 
Mascarenhas 2018).

In the following paragraphs, the more typical 
pelvic muscle and tendon injuries in athletes are 
briefly reviewed, except for adductor injuries, 
which are discussed elsewhere in this book.

Hamstring Injuries
Anatomy: The hamstrings comprise the biceps 
femoris (BF), semitendinosus (ST) and semi-
membranosus (SM), which originate at the ischial 
tuberosity as a common BF-ST tendon and a 
separate SM tendon. Each component possesses 
long proximal and distal tendons and long MTJs, 
which, in addition to features like the high pro-

portion of type II (“fast twitch”) muscle fibres 
and the crossing of two joints, makes this muscle 
complex particularly susceptible to injury 
(Bencardino and Mellado 2005).

Hamstring acute lesions are very prevalent in 
sports (Fig. 32). They are the most common mus-
cle injury in professional football players (37% 
of all muscle injuries (Ekstrand et al. 2011)), but 
are also frequent in other sports that involve kick-
ing, sprinting and jumping, as well as in dancing, 
skiing, water skiing, and contact sports such as 
martial arts (Ekstrand et  al. 2011; Kuske et  al. 
2016). Forced flexion of the hip with hyperexten-
sion of the knee is the commonly implicated 
mechanism.

The main injuries observed in young athletes 
are (1) proximal tendon avulsions (including 
apophyseal avulsions before skeletal maturation; 
Fig.  29), (2) tendon lesions, and (3) proximal 
MTJ injuries (Fig. 32), with or without concomi-
tant tendon involvement. The proximal MTJ of 
the BF is the most frequent hamstring injury 
location in football (26.7%) (Crema et al. 2015). 
Purely muscular and myofascial injuries are less 
common (De Smet and Best 2000).

MRI shows similar appearance as muscle 
injuries in other anatomical sites. It is advocated 

a b

Fig. 31 (a, b) Acute and chronic ischial tuberosity avul-
sion injuries. (a) Hip AP radiograph of a male 23-year-old 
soccer player shows a large acutely displaced right ischial 
tuberosity avulsion fracture (asterisk). (b) Hip AP radio-

graph of a 58-year-old male with non-union of the ischial 
tuberosity (arrow), due to an old apophyseal avulsion 
injury
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ideal for detection of subtle injury, for central 
intramuscular tendon tears of the biceps femoris 
and for follow-up imaging. Due to its close ana-
tomic location adjacent to the hamstring muscle 
complex, sciatic nerve entrapment is a possible 
complication of hamstring injuries.

Hamstring chronic tendinopathy is a fre-
quent finding in the elderly. It manifests as ten-
don thickening and increased signal and 
peritendinous and ischial tuberosity oedema, but 
these appearances are also found in asymptom-
atic individuals (De Smet et al. 2012). In partial 
tears a fluid-filled defect at the tendon insertion is 

observed, while complete tears display detach-
ment from the ischial tuberosity and retraction 
(Fig. 33).

Ischial bursitis in sports usually have a 
direct traumatic origin. It is visible as a fluid 
collection between the hamstrings insertion in 
the ischial tuberosity and the gluteus maximus 
muscle.

Proximal Rectus Femoris Injuries
Anatomy: RF has a complex architecture, dis-
playing a muscle-within-a-muscle configuration 
(Fig. 34). It possesses two proximal tendons, a 

a

c

b

Fig. 32 (a–c) 27-year-old professional football player 
with acute posterior thigh pain during sprinting. (a) Axial 
and (b) coronal STIR images demonstrate a small partial 
myotendinous junction tear of the long head of the biceps 
femoris, located at the middle third of the thigh, as a fluid-
like hyperintense focus (arrows) associated with muscle 

fascicle disruption, mild fibre retraction and fascial dis-
ruption. (c) Notice the involvement of the intramuscular 
proximal tendon (arrowhead), which appears attenuated 
compared with the asymptomatic contralateral side on a 
T1w axial MR image
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direct and an indirect one. The direct tendon 
originates at the AIIS, while the indirect tendon 
originates laterally at the acetabulum. They 
form a conjoint tendon for a short segment, a 
few centimetres distal to their origin, diverging 
thereafter (Kassarjian et  al. 2014). The direct 
tendon continues distally as a superficial ante-
rior tendon that covers the proximal third of the 
muscle and fuses with the anterior fascia, giving 
rise to a peripheral unipennate muscle belly. The 
indirect tendon gives rise to a long intramuscu-

lar central tendon and a bipennate central mus-
cle belly.

General considerations: RF injuries have been 
reported as the second or third most common mus-
cle lesion in the lower extremity, after hamstring 
injuries, occurring frequently in sports such as foot-
ball, rugby, basketball and other activities that 
involve kicking and sprinting (Ekstrand et al. 2011).

Several factors account for the high frequency 
and variety of RF injuries, namely (1) its struc-
tural complexity, (2) the crossing of two joints 

a

c

b

Fig. 33 (a–c) (a, b) 37-year-old former professional ten-
nis player with hamstring tendinopathy. (a) Axial and (b) 
coronal fat-supressed T2w MR images demonstrate proxi-
mal hamstring thickening and increased tendon signal 
(arrows) associated with mild peritendinous oedema, rep-

resenting tendinosis. (c) In another former athlete, axial 
fat-suppressed T2w MR image shows absence of the ten-
dinous hamstring origins, consistent with hamstring avul-
sion. No fluid is appreciated, implying a chronic nature 
for this finding
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and (3) the high proportion of type II fibres, and 
(4) specific biomechanical vulnerabilities associ-
ated with certain movements (e.g. running, kick-
ing) (Kassarjian et al. 2012).

The most common injuries involve the proxi-
mal tendons (Fig.  35) and myotendinous and 
myofascial junctions, either of the direct head, 
indirect head, or both (Figs. 36, and 37).

Imaging: MRI and US features of these inju-
ries are similar to those of other muscles and ten-
dons. The intramuscular degloving pattern of 
injury, however, is unique to the RF (Fig.  38), 
consisting of a circumferential tear at the junc-
tion of the direct and indirect muscle bellies, par-
tially or completely dissociating and separating 
the two (Kassarjian et al. 2014).

Iliopsoas Injuries
Iliopsoas tendinous and myotendinous injuries 
are a cause of acute and chronic groin pain in 
sports, typically after a forceful thigh extension 

Fig. 34 Diagram illustrating the cross-sectional structure 
of the rectus femoris muscle in the upper third of the 
thigh. The muscle-within-a-muscle architecture is demon-
strated. The intramuscular central tendon (*) and the 
bipennate central muscle belly (C) derive from the indi-
rect tendon. The direct tendon gives rise to the peripheral 
unipennate muscle belly (P) and to the superficial anterior 
tendon (arrows) that blends with the anterior fascia. The 
white interrupted lines illustrate the orientation of the 
muscle fibres in each component of the muscle

a

b

c

Fig. 35 (a–c) 20-year-old professional football player 
with acute injury during training. (a, c) Axial and (b) cor-
onal fat-supressed T2w images show a complete tear of 

the indirect tendon (arrow in a) and a partial tear of the 
conjoint/direct tendon (arrowheads in (b and c) of the 
right rectus femoris muscle
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or block during flexion. They have been associ-
ated with several activities including football, 
basketball, tennis, hockey, running and dancing 
(Domb et  al. 2011). Ballet dancers seem to be 
particularly affected, with symptomatic snapping 
observed in up to 58% of elite ballet dancers.

Findings of tendinopathy on MRI include 
thickening and increased tendon signal on T1 and 
T2WI. Paratendinopathy manifests as fluid track-
ing along the tendon (Fig.  39), and sometimes 

associated bursitis is observed as a distension of 
the iliopsoas bursa (Fig. 40). Fluid in this bursa is 
not always pathological, since the bursa may 
communicate with the hip joint. Partial tearing 
may manifest as focal fluid-filled tendon discon-
tinuity or as focal oedema at the myotendinous 
junction or fascia (Fig. 41). Complete tears of the 
tendon are rarely seen in the athlete.

Iliopsoas bursitis, paratendinopathy or tendi-
nopathy are sometimes associated with internal 

a b

Fig. 36 (a, b) 35-year-old amateur football player with 
acute injury during a match. (a) Axial fat-supressed T2w 
MR image in the upper third of the thigh show myofascial 
posterior tears at the peripheral portion (direct head) of 
the rectus femoris muscle (arrows), with peripheral mus-

cle oedema. (b) Axial fat-supressed T2w image in the 
middle third of the thigh depicts a myotendinous junction 
central tear (arrowhead), with central (indirect head) mus-
cle oedema, but no tendon disruption. Abundant associ-
ated perifascial fluid is visible in both images

a b

Fig. 37 (a, b) US transverse images of the anterior thigh 
of the patient in Fig. 36. (a) An ill-defined central tendon 
(arrow) and faint central muscle hyperechogenicity (*) are 

evident, consistent with injury of the central myotendi-
nous junction. The peripheral muscle belly appears nor-
mal (P). (b) Perifascial fluid is demonstrated (arrowhead)
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snapping hip (previously described). Iliopsoas 
impingement syndrome is another related condi-
tion, caused by chronic friction or traction of the 
iliopsoas tendon on the capsulolabral complex at 
the acetabular rim. It is more common in young 
adult female athletes and is associated with a dis-
tinct pattern of labral lesion in a direct anterior 
location, at the 3 o’clock position (Domb et al. 
2011).

Proximal Iliotibial Band Syndrome
The proximal insertion of the ITB at the iliac 
tubercle is the location of an overuse syndrome 

known as the proximal ITB syndrome, which 
mainly involves young female long-distance run-
ners, but may also be found in older overweight 
women (Sher et al. 2011).

US shows hypoechoic asymmetric thickening 
of the ITB enthesis, with pain elicited by local 
probe compression. MRI will show thickening 
and high-signal intensity on fluid-sensitive 
sequences at the fascial insertion on the iliac 
tubercle. Associated insertional bone marrow 
oedema and partial and complete tears may also 
be found (Fig. 42). The fact that hip-focused MRI 
frequently excludes the iliac tubercle from the 

a b c

Fig. 38 (a–c) Intramuscular rectus femoris degloving 
injury. (a) Axial fat-suppressed T2w image shows a cir-
cumferential fluid-filled tear between the central (*) and 
peripheral (P) bellies of the rectus femoris muscle. (b) 

Coronal and (c) sagittal fat-suppressed T2w images dem-
onstrate mild proximal retraction of the central muscle 
belly (*), which is separated from the peripheral belly (P) 
by a small amount of fluid (arrowheads)

Fig. 39 Iliopsoas 
paratendinitis. Axial 
fat-supressed 
T2-weighted MR image 
shows peritendinous and 
perimuscular oedema 
(arrow). No signal 
changes are appreciated 
in the muscle or tendon
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field of view underlines the usefulness of acquir-
ing one large-FOV fluid-sensitive sequence of the 
pelvis to detect pathology beyond the hip, which 
may be clinically unsuspected.

Adductor Insertion Avulsion Syndrome
The adductor insertion avulsion syndrome, 
also known as “thigh splints”, belongs to the 
spectrum of stress lesions of the bone. It repre-
sents a painful overuse traction periostitis at 
the distal insertion of the adductors in the 
thigh, similar to “shin splints” at the tibia 
(Anderson et al. 2001).

Periostitis may be present radiographically. 
MRI will show hyperintense linear signal in 
fluid-sensitive sequences at the medial femoral 
cortex, representing periostitis, which may evolve 
into a stress fracture if left untreated (Fig.  43). 
US may show cortical irregularity with adjacent 
hypoechoic soft-tissue thickening, painful to 
transducer pressure, in a suggestive location in 
the posteromedial aspect of the femur.

5.3.2.3  Nerves and Nerve Entrapment 
Syndromes

General considerations: Several acute and 
chronic nerve entrapment syndromes were 
described in the pelvic region in athletes, involv-

ing the sciatic, obturator, femoral, posterior fem-
oral cutaneous, lateral femoral cutaneous, 
pudendal, iliohypogastric, ilioinguinal and geni-
tofemoral nerves. They may present with an 
unclear clinical picture, simulating or coexisting 
with lumbar radiculopathy, which accounts for 
their frequent underdiagnosis. These compres-
sive neuropathies have been attributed to (1) fas-
cial thickening, (2) mass effect from hernias and 
ganglion cysts, (3) adjacent fractures, (4) muscle 
hypertrophy, while (5) scarring from previous 
surgery or (6) trauma is also pointed out as a 
possible cause (Omar et  al. 2008; Petchprapa 
et al. 2010).

Imaging US and MR imaging are frequently 
used in the work-up of peripheral neuropathies, 
as an adjunct to clinical examination and electro-
physiologic studies. Image-guided nerve blocks 
are a helpful tool when a neuropathic origin of 
the symptoms is suspected, and are used with 
both diagnostic and therapeutic purposes.

US is a popular and accurate technique for the 
evaluation of medium and small sized pelvic nerves 
along their extra pelvic course, allowing dynamic 
studies and contralateral comparison. Proximal 
hypoechoic swelling of the involved nerve, fascicle 
enlargement and loss of fascicular pattern may be 
observed in entrapment neuropathies (Fig. 44).

Fig. 40 Iliopsoas bursitis. Axial fat-supressed T2w 
image shows a distended iliopsoas bursa (arrow)

Fig. 41 Myotendinous iliopsoas partial tear. Axial fat- 
supressed T2w MR image shows a feathery oedema pat-
tern at the myotendinous junction (arrow)
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3-T MR neurography, in particular, is able to 
provide high-resolution and high-contrast ana-
tomic images of peripheral nerves, allowing 
accurate assessment of size, signal and fascicular 
pattern, even for small nerves. Abnormal MRI 
features are (1) nerve enlargement (larger than 
the adjacent artery), (2) hyperintensity on fluid- 
sensitive images (Fig. 45), (3) loss of fascicular 
pattern, (4) fascicle swelling, (5) abnormal nerve 
course, (6) obliteration of perineural fat, along 

with (7) regional muscle denervation changes if 
motor or mixed nerves are affected (Soldatos 
et al. 2013).

Diffusion-weighted imaging and Diffusion 
Tensor Imaging have shown good results in the 
functional and quantitative evaluation of periph-
eral nerve pathologies, but the widespread use of 
these advanced techniques in clinical practice is 
currently limited by technical and hardware 
requirements (Naraghi et al. 2015) (Fig. 19).

a

c

b

Fig. 42 (a–c) Proximal iliotibial band (ITB) syndrome. 
(a) Coronal fat-supressed T2-weighted MR image depict-
ing a partial tear of the proximal ITB (arrow) in a 34-year- 
old female long distance runner. (b) Axial T2w 
fat-suppressed T2-weighted MR image showing a low- 
grade injury of the proximal ITB in an overweight non- 

athlete 29-year-old female, with fascial attenuation and 
perifascial oedema. (c) Longitudinal US scan of the iliac 
tubercle region demonstrating a marked hypoechoic 
thickening of the ITB insertion (arrows), which was pain-
ful to sonopalpation, in a 37-year-old female runner. The 
contralateral normal side is shown in the right
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a b

Fig. 43 (a, b) Thigh splints in a 25-year-old long- 
distance runner. (a) Axial and (b) coronal T2w fat- 
suppressed images demonstrate linear increased signal 
(thick arrows) at the medial cortex of the femoral diaphy-

sis, representing periostitis. Marrow oedema (*) and 
increased intracortical signal (thin arrow) represent 
advanced stress-related changes and impending stress 
fracture

Fig. 44 Lateral femoral cutaneous neuropathy in a 
37-year-old man with symptoms of meralgia paresthetica. 
Longitudinal proximal anterior thigh US scan shows focal 

hypoechoic swelling of the lateral femoral cutaneous 
nerve (*) below the inguinal ligament. SART sartorius
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5.4  Sacroiliac Joints

5.4.1  General Considerations
Anatomy: The sacroiliac joints (SIJ) are the larg-
est axial joints in the human body, linking the 
spine to the pelvis, with a mobility of 3° to 8° of 
nutation. SIJ have a central location, between the 
sacrum and the iliac bones. Obliquely orientated 
undulating joint facets provide stability to the 
SIJ, additionally empowered by strong ligaments 
(interosseous, iliolumbar, sacrotuberous, sacro-
spinous) and muscles, that interconnect with the 
lumbosacropelvic sling (Brolinson et  al. 2003; 
Campos-Correia et al. 2019). The stability of this 
region is dependent upon these muscle- 
ligamentous relationships, and their breakdown 
can lead to chronic pain.

SIJ are composed of two main compartments 
(Fig.  46): (1) an inferior-anteriorly located 
C-shaped cartilaginous compartment, which 
resembles a symphysis, with hyaline cartilage 
firmly attached to the bone by fibrous tissue. It 
was formerly called “synovial portion” but, in 
fact, only a small part (its lower third) has a true 
synovial-lined joint capsule, and (2) a ligamen-
tous compartment (syndesmosis), located 
superior- posteriorly, which contains strong inter-
osseous ligaments (Campos-Correia et al. 2019).

Normal variants (iliosacral complex, bipar-
tite iliac bony plate, semi-circular defect, 

crescent- like iliac bony plates, accessory SIJ), 
intra-articular ossified nuclei and normal 
small vessels should not be mistaken for pathol-
ogy. Accessory SIJ (Fig.  47) are the most fre-
quent variant (8–40%), often found between the 
iliac and the sacral articular sides at the posterior 
portion of the SIJ, from the level of the first to the 
second sacral foramina (Faflia et  al. 1998; 
Campos-Correia et al. 2019).

Clinical presentation: SIJ disorders may 
present as low back pain or sciatica-like symp-
toms. For a long time, SIJ pain have been mostly 
assigned to spondyloarthropathies (SpA), but 
nowadays it is well recognized that SIJ dysfunc-
tion includes a broad differential, including (1) 
age- and stress-related changes, (2) fractures, (3) 
infection, (4) other inflammatory sacroiliitis, (5) 
metabolic, (6) tumours (primary or secondary), 
and other less common causes. It is also well 
established that changes on SIJ are commonly 
found in athletes and/or asymptomatic healthy 
patients and should be kept in mind. Additionally, 
the differential diagnosis should always include 
other pelvic and extra pelvic sites of pain, includ-
ing the spine, hip and pubic symphysis (Brolinson 
et al. 2003; Campos-Correia et al. 2019).

Imaging: Interpretation of MRI findings in 
daily practice is dependent on the clinical con-
text. Age, sex, clinical picture/features and labo-
ratory data help shorten the imaging differential 

a b

Fig. 45 (a, b) Lateral femoral cutaneous neuropathy in a 
53-year-old woman with symptoms of meralgia pares-
thetica. (a, b) Axial fat-suppressed T2-weighted image 

shows thickening and increased signal of the lateral femo-
ral cutaneous nerve (arrow) near the right anterior supe-
rior iliac spine
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diagnosis. Prior imaging studies should always 
be used for comparison, when available (Campos- 
Correia et al. 2019).

5.4.2  Mechanical/Degenerative 
Changes of the SIJ: Athletes

The concept of the SIJ as a pain generator is well 
recognized but controversy exists due to several 
factors, namely: the complex anatomy and bio-
mechanics of the SIJ and the absence of any spe-
cific clinical sign or symptom that is both 
sensitive and specific for the diagnosis of SIJ dys-
function (Brolinson et al. 2003).

Mechanical changes of the SIJ may account 
for as much as 20% of low back pain cases in the 
general population. The prevalence of SIJ pain 
among athletes is unknown and, likely, underre-
ported because pain referral patterns are non- 
specific, and often similar to spinal disease. 

a b

c d

Fig. 46 (a–d) 33-year-old female, basketball player. (a) 
3D volume CT image depicting the cartilaginous (blue) 
and ligamentous (green) components. (b) Axial CT image 
and (c, d) coronal CT images at different levels (c, ante-
rior; d posterior) depicting the same SIJ components (car-

tilaginous (blue) and ligamentous (green)). Notice on (c) 
the subtle subchondral sclerosis in the lower ilium bilater-
ally, more conspicuous on the right side, with minor 
osteophytes due to mild mechanical changes

Fig. 47 Axial CT image shows bilateral accessory SIJ 
(red arrows), a common normal variant, which occasion-
ally may become symptomatic
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Furthermore, 39% of individuals with SIJ dys-
function have concomitant spinal pathology. In 
this age range, it is also mandatory to exclude 
inflammatory sacroiliitis as a cause for the low 
back pain.

Because of the unique nature of sports’ 
demands on the spine and pelvis, SIJ dysfunction 
is acknowledged in athletes. Risk factors include:

 1. Type of activity: sports that involve (1) fre-
quent direct or torsional impact on the axial 
skeleton, (2) repetitive or asymmetric loading 
(kicking, swinging, throwing and single leg 
stance) and (3) repetitive traumatic falls onto 
the buttocks. Hence, sports with the highest 
pain prevalence include football, powerlift-
ing, basketball, gymnastics, golfing, cross 
country skiing, rowing, step aerobics and 
those that use elliptical and stair stepper 
machines (Figs. 48 and 49). Furthermore, run-
ners, ice hockey or football players with 
cumulative repetitive torsional strain of the 
pelvic ring are also at risk. Rowers are at risk 
for SIJ dysfunction secondary to their biome-
chanical demands (prevalence of SIJ dysfunc-
tion in 54.1% of USA Senior National Rowing 
Team members reported (Brolinson et  al. 
2003)).

 2. Associated conditions: inflammatory condi-
tions, leg length discrepancy, hypermobility, 
scoliosis, direct trauma, pregnancy/postpar-
tum and other biomechanical abnormalities 
(Saunders et al. 2018).

Imaging: Mechanical and degenerative SIJ 
changes can be seen on imaging, namely (1) 
bone marrow oedema (BME), not only anteri-
orly in the symphysis pubis, but also poten-
tially dorsally in the SIJ (via propagation of 
biomechanical strain along the pelvic skele-
ton), (2) erosions, which are less common in 
athletes, but some studies show scarce, minor 
erosions in this population, (3) fat metaplasia, 
also relatively scarce in published series while 
ankylosis of the SIJ was not reported (Weber 
et al. 2019).

Low-grade BME surrounding the SIJ is pres-
ent in up to 25% of asymptomatic healthy adults 
(Ritchlin 2018), most often (but not exclusively) 
located in the lower iliac bone. Potential triggers 
of low-grade BME in healthy individuals are 
mechanical or degenerative stress injury to the 
spine, overweight or peri/postpartum changes. To 
date, imaging studies cannot distinguish asymp-
tomatic from symptomatic individuals (Weber 
et al. 2019).

a b

Fig. 48 (a, b) 25-year-old female, gymnast and contem-
porary dancer. (a) coronal CT image with cortical irregu-
larity/minor erosions, subtle space joint changes and mild 
sclerosis more evident on the right SIJ (red arrows). (b) 
Coronal fat-suppressed T2-weighted image on the same 

level, depicts mild oedema foci (red arrows) surrounding 
these structural changes, related to mechanical, repetitive 
stress over the SIJ. Another focus of oedema, very subtle, 
is seen on the left side, probably preceding structural 
changes
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Athletes may show BME fulfilling ASAS 
criteria (Assessment of Spondyloarthritis 
International Society) for active sacroiliitis, 
which has been reported in 30–35% of recre-
ational  runners and 41% of elite ice hockey 
players (mean age of 27.2 and 25.9 years, 
respectively) De Smet (2000). The posterior 
lower ilium quadrant was the single most 
affected for BME lesions, followed by the ante-
rior upper sacrum. Potential mechanisms for 
non-specific SIJ BME in athletes are (1) partial-
volume effects of presacral vascular plexus or 
from the deep iliac ligament insertion, (2) local 
axial strain or (3) anatomic SIJ joint variation 
encompassing lumbosacral transitional 
vertebral.

5.4.3  Mechanical/Degenerative 
Changes of the SIJs: 
Non-athletes

Osteoarthritis of the SIJ is a common finding in 
CT (appearing in 65.1% of adults and increasing 
with age) (Faflia et al. 1998). Moderate adaptive 
changes begin to occur on the iliac side as early 
as the third decade, especially in men. Age- 
related imaging features include (1) space nar-
rowing (often mild), (2) marginal osteophytes, 
(3) subchondral sclerosis (more well defined and 

narrower than in SpA), cysts and joint vacuum 
phenomena (Fig. 50).

While the prevalence of degenerative changes 
increases with age, they can be seen in young 
patients, particularly if sport’s active. Osteoarthritis 
tends to affect the iliac side more due to increased 
load bearing and thinner articular cartilage 
(Schueller-Weidekamm et  al. 2014). Small ero-
sions can also occur within the spectrum of degen-
erative changes in the SIJ, especially in elderly 
overweight women, confounding the clinical pic-
ture. BME due to osteoarthritis also occurs, par-
ticularly surrounding sclerotic areas. It tends to be 
mild and often is limited to the immediate sub-
chondral area, commonly in the antero-superior 
part of the SIJs (Weber et al. 2019). Fat deposition 
is a non-specific finding, but may sometimes be 
seen in the degenerative setting and even in older 
healthy individuals. Bridging osteophytosis in 
osteoarthritis leads to para-articular bony ankylo-
ses (not to be mistaken for the true intra-articular 
bony ankylosis seen in SpA).

5.4.4  Differential Diagnosis
The list of SIJ differential diagnosis in SIJ disor-
ders is broad, and beyond the scope of this chap-
ter. These are some of the most important 
differential diagnosis in clinical practice:

a b

Fig. 49 (a, b) 17-year-old male, table tennis player with 
3-months low back pain. (a) Coronal T1w image shows 
sclerosis, cortical irregularity and minor osteophytes in 
the anterosuperior part of both SIJ (red arrows). (b) 

Coronal fat-suppressed proton-density- weighted image 
shows scarce and very subtle oedema on the left side
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Spondyloarthropathies (inflammatory sac-
roiliitis) (Fig. 51): SpA are a group of inflamma-
tory entities which share overlapping clinical, 
imaging, genetic and therapeutic features, that 
are often associated with human leukocyte anti-
gen (HLA) B27 positivity and seronegativity for 
rheumatoid factor (Rudwaleit et al. 2009). Based 
on the dominant clinical features, they can be 
divided into two main groups: (1) axial SpA 
(where sacroiliitis is the cornerstone) and (2) 
peripheral SpA.

A consensus organized by ASAS culminated in 
the definition of SIJ imaging criteria for the diag-
nosis of SpA (ASAS imaging arm). Sacroiliitis on 
imaging is defined as “definite radiographic sac-
roiliitis according to modified New York criteria” 
and/or as active sacroiliitis on MRI (“positive” 
MRI defined by the unequivocal presence of sub-
chondral BME). According to ASAS criteria, the 
diagnosis of SpA in an adult is based on the pres-
ence of active inflammatory lesions (positive MRI 
“sacroiliitis”  ±  structural post inflammatory 
changes (Lambert et al. 2016)) and of at least one 
clinical feature of SpA (Table 22).

Even with well-established criteria, it is cru-
cial to be aware that a wide range of conditions 
can pose diagnostic challenges on MRI. Even in 

patients with inflammatory low-back pain, it is 
important to consider non-inflammatory disease. 
It has been documented that 23–33% of patients 
referred for MRI due to clinical suspicion of SpA 
had alternative non-inflammatory conditions, and 
that 41–50% had normal SIJs on MRI.

Other diagnosis: Stress fractures (fatigue and 
insufficiency), infectious sacroiliitis, osteitis con-
densans ilii, diffuse idiopathic skeletal hyperos-
tosis (DISH), hyperparathyroidism, chronic 
recurrent multifocal osteomyelitis (CRMO)/
synovitis, acne, pustulosis, hyperostosis and 
osteitis (SAPHO) and gout.

6  Future Trends in Hip Imaging

The future of hip imaging will include compre-
hensive 3D joint imaging, performed within frac-
tions of the time currently spent and 
multiparametric in nature, allowing for (1) high 
resolution 3D MRI acquisitions with potential for 
replacing MRA; (2) automated biochemical car-
tilage and quantitative imaging biomarkers anal-
ysis in clinical routine imaging; (3) fully 
automated diagnostic examinations with algo-
rithms to diagnose and automatically quantify 

a b

Fig. 50 (a, b) 49-year-old male with SIJs osteoarthritis. (a) axial and (b) coronal CT images show bilateral vacuum 
phenomenon, mild subchondral sclerosis and anterior marginal osteophytosis, with subtle cortical irregularity
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specific biomarkers (Mascarenhas and Caetano 
2018) (Fig. 52).

6.1  Artificial Intelligence

Clinical large databases in the era of value-based 
health care are paramount. The implementation 
of standardized national sports registries in con-
junction with programmes tailored to radiologists 

Table 22 Types of MRI lesions in the SIJ

Active inflammatory 
lesions

Chronic (structural) 
postinflammatory lesions

BME/osteitis (primary 
criterion)
Capsulitis
Enthesitis
Joint space enhancement 
(formerly called 
synovitis)
Active erosion
Joint space fluid

Subchondral sclerosis
Erosions
Backfill
Fat metaplasia
Bone ankylosis
Bone bud

a

c

b

Fig. 51 (a–c) 33-year-old male with psoriatic arthritis. 
(a) Coronal T1 (b) coronal fat-suppressed proton-density 
and (c) coronal fat-suppressed post-contrast, T1w MR 
images depict extensive BME adjacent to the left SIJ, on 

the iliac side, fulfilling ASAS criteria for “positive MRI”. 
Notice cortical irregularity and minor erosions (red arrow) 
seen on (a)

V. V. Mascarenhas et al.
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and sports medicine practisers will ultimately 
improve patient outcomes while minimizing the 
economic burden.

Artificial intelligence in the sports medicine 
field will certainly set the new standard by auto-
matically detecting patterns in injury data, and 
then using those patterns to predict RTS or enable 
decision making under uncertain conditions. 
Applications include (1) automatic image seg-
mentation and registration; (2) computer-aided 
detection and diagnosis; (3) integration with 
healthcare big data and (4) defining “personal-
ized” RTS prediction and treatment strategies 
(Syed and Zoga 2018).

6.2  Personalized Medicine 
and Biobanks

The original concept of precision sports medicine 
involves the implementation of treatment and 
prevention strategies that consider individual 
variability by assessing large sets of data, includ-

ing patient information, medical imaging, and 
genomic sequences. Patient-based imaging data 
will be implemented and cross-linked to 
population- based data already acquired in bio-
banks, allowing a “tailored” decision to a specific 
athlete (Kooijman et al. 2016).

7  Conclusion

Innovation has been the catalyst for the trans-
formation of hip imaging, as the arrival of new 
modalities and the introduction of MRI resulted 
in a paradigm shift from bone morphology 
analysis to integrated soft tissue, joint and car-
tilage assessment. Understanding the patho-
physiology through the visualization of osseous 
structures and detailed depiction of soft tissues 
has become part of routine imaging and 
has had a major impact on therapeutic 
decision-making.

With increasing sports medicine specializa-
tion and also rising rates of overuse injuries, 

a b c

Fig. 52 (a–c) Automated segmentation and quantifica-
tion of femoral parameters based on a 3D MRI dataset of 
a 25-year-old elite soccer player. (a) Volumetric 3D MRI 
alpha-angle (α°) automated measurements made at differ-
ent points around the femoral head/neck junction. α° mea-
sured at 9 o’clock (posterior); 10, 11 and 12 o’clock 
(superior); and 1, 2 and 3 o’clock (anterior). (b) 3D gener-
ated model representing the radial extension of the cam 
deformity (orange and red line representing increased 
alpha angles). (c) Polar plot (2D) of the automated 360° 

α° measurements around the FHN, representing the Ω° 
angle and corresponding perimeter (red line) for a given 
α° threshold (60°). Red lines represent increased α°s for a 
given threshold. The Ω° is formed by two lines intersect-
ing the centre of the femoral neck at the level of the head- 
neck junction. The most posterior line posteriorly 
intersects the point at which the α° angle begins to be 
abnormal beyond a best-fitting circle and the anterior line 
at the point where the α° angle returns to normal
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major questions have still to be answered when 
it comes to sports injuries, namely RTS specific 
predictors and the role played by intense ath-
letic activity in FAIS development. The delicate 
balance between early preventive measures, 
conservative treatment and surgical interven-
tion has yet to be clearly defined. It is time to 
refine the diagnostic and therapeutical algo-
rithm by incorporating both clinical and imag-
ing data into the medical equation. Looking 
ahead, imaging and sports will continue to 
evolve hand-in-hand, with new problems and 
greater challenges.

Things to Remember (Hip)
 1. Knowledge of hip biomechanics helps in the 

understanding of sports-related hip disease.
 2. In athletes with hip-groin pain, periarticular 

structures need to be imaged because many 
abnormalities occur outside the hip joint.

 3. If radiographs are normal and clinical sus-
picion for stress fracture remains high, fur-

Box 1: Standard Radiography
• Radiography is the first-line imaging 

modality to assess the bony hip and pel-
vis; it is not well suited, however, to 
evaluate soft tissue injuries.

• Radiographs are two-dimensional 
projections of three-dimensional struc-
tures, which limit their value in particu-
lar clinical settings (e.g. morphological 
assessment in FAI).

• Specific radiographic views may be 
warranted, depending on a particular 
clinical problem.

Box 2: Ultrasound (US)

• US is an established technique in the 
work-up of an athlete with hip/groin 
pain, particularly for suspected muscle 
and tendon disease.

• US is a fast, low-cost, radiation-free, 
widely available technique which easily 
allows dynamic imaging and contralat-
eral comparison.

• US-guided injections may prove very 
useful in both the diagnostic (confirm 
the source of symptoms) and therapeu-
tic settings.

Box 3: Computed Tomography
• CT is an excellent imaging method to 

assess osseous morphologies, hence 
useful in the evaluation of fractures and 
calcification/ossification although very 
limited in depicting soft tissues 
injuries.

• In athletes, CT should be used mainly as 
a problem-solving tool, whenever radio-
graphic occult fractures are suspected or 
in pre-operative planning.

• Hip CT arthrography can be used to 
assess hip chondrolabral injuries partic-
ularly if MRI is contra-indicated.

Box 4: Magnetic Resonance Imaging
• MRI is a comprehensive radiation-free 

technique considered the gold standard 
imaging approach in sports, to assess 
both bony and soft tissue structures in 
the pelvis/hip region.

• MRI protocols combining hip dedicated 
sequences as well as sequences covering 
the pelvis offer the best chance of iden-
tifying all potential sources of symp-
toms; tailoring the MRI protocol to the 
specific clinical scenario is crucial to 
achieve the best results.

• When intra-articular disease is sus-
pected, dMRA is the imaging study of 
choice, as both a diagnostic arthrogra-
phy and an anaesthetic injection can be 
combined into a single procedure.
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ther investigation with MRI should be 
sought.

 4. Imaging findings described in cam-type FAI 
include an increased α angle, anterosuperior 
labral tears and anterosuperior chondral 
abnormalities at the chondrolabral 
junction.

 5. Labral tears are common in athletes (both 
symptomatic and asymptomatic), and usually 
best identified on small FOV images.

 6. The most common underlying cause of GTPS 
is gluteus minimus and medius insertional ten-
don disease resulting from chronic repetitive 
microtrauma, including tendinosis, tendon 
tearing and peritendinitis.

Things to Remember (Pelvis)
 1. MRI is the gold standard technique to assess 

the continuum of stress response of bone.
 2. Mechanical stress applied to the muscle- 

tendon- bone unit may result in tendon tears or 
myotendinous lesions in the adult athlete and 
in apophyseal avulsion the child or adoles-
cent. This is due to the intrinsic fragility of the 
apophyseal growth plate in the immature skel-
eton, which may tear in response to traction 
stress.

 3. Pelvic apophyseal avulsions are unusual in 
the mature skeleton and should prompt a 
search for an underlying cause (e.g. 
metastasis).

 4. The rectus femoris, biceps femoris and adduc-
tor longus are the most commonly injured 
muscles in the pelvis and thigh.

 5. MRI is useful to confirm the clinical diagnosis 
and determine the extent of muscle injury, but 
has limited prognostic value in determining 
recovery times.

Things to Remember (SIJ)
 1. SIJ dysfunction is a well-known clinical entity 

in sports, with repetitive, asymmetric mechan-
ical loading and microtrauma, leading to 
imaging changes, including low-grade BME 
and occasionally minor erosions in the SIJ in 
athletes.

 2. BME is present in up to 25% of SIJ of healthy 
adults, usually low-grade and non- extensive 

even though a substantial proportion will ful-
fil ASAS criteria for a positive MRI of inflam-
matory sacroiliitis. Clinical correlation, 
including sports history, is warranted.

 3. There is a broad differential diagnosis for SIJ 
dysfunction. When assessing active athletes, 
sacral fractures and SpA-related sacroiliitis 
must be sought. Deep (extensive) BME 
lesions are almost exclusively found in axial 
SpA patients. Other sites of pelvic (e.g.: pubic 
symphysis and hip) and extra pelvic (e.g.: 
spine) pain must be excluded.
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Abstract
Meniscal lesions are frequent in both the gen-
eral and the athletic population and may cause 
severe functional impairment. In this chapter, 
the (micro)anatomy, vascularization and func-
tion of the menisci are described. In the event 
of a suspected meniscal injury, conventional 
radiography and arthrography are no longer 
recommended. Conventional MRI has become 
the preferred imaging modality, if necessary 
followed by MR (or CT) arthrography in the 
postoperative meniscus. Correct description 
of tears seen on MRI is essential, as it may 
guide treatment. The major classifications of 
meniscal lesions are described as well as some 
more rare lesions that can be seen in athletes. 
It must however be stressed that correlation 
with clinical information is of utmost impor-
tance, as some meniscal lesions may be 
asymptomatic and do not require treatment.
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1  Introduction

Meniscal injuries are very common among pro-
fessional and amateur athletes and are a major 
cause of functional impairment of the knee. It is 
the most common indication for arthroscopic sur-
gery of the knee. For athletes, unnecessary treat-
ment or intervention may be as damaging to a 
competitive future as failure to diagnose a clini-
cally significant injury. Therefore, rapid and 
accurate evaluation of possible injuries in this 
group is crucial (Ludman et al. 1999).

Acquisition of a precise history of the injury 
mechanism may be difficult, as is performance of 
an accurate physical examination in the setting of 
an acute injury (Karachalios et al. 2005).

Magnetic resonance imaging (MRI) is per-
formed more commonly on the knee than on any 
other joint, and it is an excellent diagnostic tool 
that can aid in the evaluation of a host of sports- 
related injuries involving the ligaments, tendons, 
menisci, osseous structures, and articular sur-
faces. It has currently become the most widely 
used non-invasive imaging method for detecting 
meniscal injuries, with a reported diagnostic 
accuracy of as high as 98%, compared to arthros-
copy, remaining the gold standard for confirming 
the diagnosis of meniscal tear. MRI is a valuable, 
cost-effective tool for the preoperative evaluation 
of the menisci, and proved useful, on the basis of 
its high negative predictive value, to exclude 
patients from unnecessary arthroscopy, and, thus, 
avoiding unnecessary hospitalization, morbidity 
and waste of limited financial and manpower 
resources (Karachalios et al. 2005; Elvenes et al. 
2000).

However, radiologists must be aware of 
numerous imaging pitfalls and artefacts simulat-
ing a tear and leading to an erroneous diagnosis. 
Moreover, it must be kept in mind that “silent” 
meniscal abnormalities in athletes exist and 
knowledge of these MR appearances is important 
in order to avoid attributing greater significance 
to these than is clinically justified.

For many years, the meniscus was treated with 
disrespect as an unnecessary appendage that 
could be sacrificed with the first hint of malfunc-
tion. As long-term results after major meniscec-

tomy were disappointing, a conservative approach 
to the management of meniscal tears has devel-
oped, with emphasis on meniscal preservation 
(Rath and Richmond 2000).

2  Anatomy and Function

To adequately evaluate and treat meniscal inju-
ries, understanding of meniscal anatomy and 
function is necessary. From a gross anatomic per-
spective, the menisci are C-shaped fibrocartilagi-
nous structures, firmly attached to the anterior 
and posterior aspects of the tibial plateau by the 
so-called root ligaments. Conventionally, they are 
described as having three segments: anterior 
horn, body and posterior horn. Each meniscus 
measures approximately 5 mm in height along its 
periphery and tapers to a thin inner edge such that 
it demonstrates a triangular shape in cross sec-
tion. The outer rims of the menisci are convex and 
attached to the fibrous joint capsule and through it 
to the edges of the articular surfaces of the tibia. 
The inner edges are concave, thin and free. Their 
superior surfaces are slightly concave for recep-
tion of the femoral condyles, whereas their infe-
rior surfaces that rest on the tibial condyles are 
flatter. The anterior horns of the medial and lat-
eral menisci are attached to each other through 
the (anterior) transverse ligament (Fig. 1).

The medial meniscus is C-shaped and occu-
pies 50–60% of the articular contact area of the 
medial compartment (Arnoczky et  al. 1987; 
Thompson et al. 1991) (Fig. 1). Its posterior horn 
is wider than the anterior horn. Although ana-
tomic variations in meniscal morphology and 
attachments exist, the anterior horn of the medial 
meniscus has a firm bony attachment to the tibia 
anterior to the anterior cruciate ligament (ACL). 
The posterior horn is attached immediately in 
front of the attachment of the posterior cruciate 
ligament (PCL) (McKeon et al. 2009; Palastanga 
and Soames 2011). The outer border of the 
medial meniscus is firmly attached to the knee 
joint capsule. The meniscotibial and menisco-
femoral ligaments attach the meniscus to the tibia 
and femur, respectively, and are referred to as the 
deep medial collateral ligaments (Fig. 2).
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The lateral meniscus is more uniform in width 
and semicircular, covering 70–80% of the lateral 
tibial plateau (Arnoczky et al. 1987; Thompson 
et al. 1991) (Fig. 1). The anterior horn attaches to 
the inter-condylar fossa, next to the attachment of 
the ACL.  The posterior horn of the lateral 
meniscus is attached to the medial femoral 
condyle through the posterior meniscal-femoral 
(Wrisberg) and anterior meniscal-femoral 
(Humphrey) ligament. Therefore, during rota-
tion, the motion of the lateral meniscus is coupled 
with that of the femoral condyle. The lateral 
meniscus has loose attachments to the joint cap-
sule and is separated from it by the popliteus ten-
don posterolaterally where it courses through a 
meniscocapsular tunnel. In this region, the supe-
rior and inferior popliteal meniscal fascicles are 
seen, running from the peripheral margin of the 
meniscus, around the popliteus tendon, to the 
joint capsule (Fig.  3). The lateral meniscus is 
more mobile and is not anchored to the lateral 
collateral ligament. In flexion and internal rota-
tion, the popliteal tendon retracts the posterior 
horn, thus reducing entrapment of the lateral 
meniscus between the femur and the tibia. It is 
therefore less likely to be injured than the rela-

tively immobile medial meniscus (Rath and 
Richmond 2000).

The composition of the menisci varies with 
age and may also be altered by injury (Sweigart 
and Athanasiou 2001). The main component is 
water (>70%), followed by collagen (±20%, pri-
marily collagen type I with small amounts of 
types II–VI), glycosaminoglycans, DNA, glyco-
proteins and elastin (Makris et al. 2011). Within 
the menisci, a small cell population is present, 
consisting of fibrochondrocytes, fibroblast-like 
cells and cells in the superficial meniscus 
(Verdonk et al. 2005; Van der Bracht et al. 2007).

The microanatomy of the menisci may explain 
injury patterns (Fig. 4). A network of type I col-
lagen fibres arranged in a circumferential direc-
tion is the dominant morphological pattern, 
allowing dispersion of compressive loads and 
development of “hoop stresses”. Radial oriented 

Fig. 1 Schematic drawing of meniscal anatomy. Both 
menisci are divided into an anterior horn (AH) and poste-
rior horn (PH) with the body (B) in between. The anterior 
transverse (AT) ligament connects the anterior horns. 
Wrisberg ligament (W) starts at the posterior horn of the 
lateral meniscus and follows the posterior cruciate liga-
ment (PCL). ACL anterior cruciate ligament

Fig. 2 Schematic drawing of the relation between the 
medial meniscus (MM) and the medial collateral ligament 
(MCL). The deep layer of the MCL consists of the menis-
cotibial (MTL) and meniscofemoral (MFL) ligaments, 
which are connected to the body of the MM

Sports-Related Meniscal Injury
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fibres (“tie fibres”) may function to restrain 
motion between circumferential fibres and resist 
longitudinal splitting. At the surface of the menis-
cus, fibre orientation is more of a random con-
figuration (Greis et al. 2002).

The blood supply to the menisci originates 
from the lateral and medial superior and inferior 
genicular arteries. These vessels reach the periph-
ery of the meniscus through the synovial cover-
ing of the anterior and posterior horn attachments. 
Vessels are present throughout the substance of 
the foetal menisci. Beginning at birth, there is a 
progressive decrease in vascularity proceeding 
from the inner to the outer regions of the menis-
cus. The adult meniscus is avascular in the inner 
two-thirds (“white zone”) and vessels are most 
prominent in the peripheral one-third of the 
menisci and in the adjacent coronary and capsu-
lar ligaments (“red zone”). In younger persons, 
an intermediate vascularized “red-white zone” is 
located between the vascular red and avascular 
white zone (Rath and Richmond 2000) (Fig. 5).

The menisci are important in many aspects of 
knee function, with the main functions being tib-
iofemoral load transmission and shock absorp-
tion. The menisci compensate for significant 

incongruity between the femoral and tibial articu-
lating surfaces and increase tibiofemoral contact 
area, with subsequent reduction in joint contact 
stresses. The menisci transmit at least 50–70% of 
the load when the knee is in extension. This 
increases to 85–90% with 90° of knee flexion. 
These loads are well distributed when the menisci 
are intact (Greis et al. 2002). After meniscectomy, 
tibiofemoral contact area may decrease by 
40–70%, leading to a proportional increase in 
contact and shear stresses across the joint. These 
changes will lead eventually to joint degeneration. 
Furthermore, several studies have demonstrated 
that meniscal tissue is approximately one half as 
stiff as articular cartilage. The shock absorption 
capacity of the normal knee is reduced by 20% 
after meniscectomy (Voloshin and Wosk 1983).

It is important to remember that the menisci are 
not stationary structures. With flexion and exten-
sion of the knee, the medial meniscus translates 
about 2–5 mm on the tibia, and the lateral menis-
cus translates about 9–11 mm (Greis et al. 2002).

Fig. 3 Schematic drawing of the relation between the lat-
eral meniscus (LM) and the meniscopopliteal fascicles 
(red). The anteroinferior and posterosuperior fascicles 
extend from the LM to engulf the popliteal tendon and 
blend into the capsule

Fig. 4 Microstructure of the meniscus. The majority of 
the fibres are longitudinal or “hoop” fibres (light blue), 
following the long axis of the meniscus. These fibres are 
responsible for the distribution of axial loads. A minority 
of radial or “tie” fibres run perpendicular to the long axis, 
from the inner to the outer rim (purple), to withstand lon-
gitudinal splitting. The most superficial fibres (dark blue 
zone) follow a random course
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Additionally, the menisci play a key role in 
enhancing joint stability, largely as secondary 
soft-tissue restraints which prevent anterior tibial 
displacement (Rath and Richmond 2000). The 
body of the meniscus prevents the femur from 
gliding too far off the tibia. Shoemaker and 
Markolf (1986) demonstrated that the posterior 
horn of the medial meniscus is the most impor-
tant structure resisting an applied anterior tibial 
force in an ACL-deficient knee. Patients who tear 
the posterior meniscal horn may feel instabil-
ity—even if their ACL is intact—because this 
stabilizing effect is lost.

Finally, the menisci contribute significantly to 
joint lubrication, probably by fluid exudation 
across their surfaces. Compression squeezes the 
liquid out into the joint space, to allow smoother 
gliding of the joint surfaces. This also helps to 
distribute synovial fluid throughout the joint and 
aids nutrition of the articular cartilage (Rath and 
Richmond 2000).

3  Epidemiology of Meniscal 
Injuries

Meniscal lesions are the most common 
encountered knee injuries and meniscal tear 
surgery is one of the most frequent orthopae-
dic procedures. Therefore, these lesions have a 

high cost in both morbidity and healthcare 
expenses.

Meniscal tears have a bimodal age distribution 
and are most frequently seen in both young 
sports(wo)men and the elderly population.

Reported risk factors (Snoeker et al. 2013) for 
degenerative tears include age >60, male gender, 
squatting, work-related kneeling and stair climb-
ing (>30 flights). Acute traumatic tears were 
more often seen in rugby and soccer players and 
patients with delay between ACL rupture and 
reconstruction greater than 12 months.

Meniscal tears are more frequently seen in the 
medial meniscus and in the posterior horns of the 
menisci (Metcalf and Barrett 2004).

4  Imaging of the Meniscus

Although meniscal injuries are extremely com-
mon, the clinical history and mechanism of injury 
are usually non-specific, and are often of little 
value in determining the diagnosis. Mechanical 
symptoms of popping, catching, locking or buck-
ling along with joint-line pain are suggestive, but 
not conclusive, of meniscal pathology, and other 
types of intra- and extra-articular pathology may 
confound the clinical picture.

Numerous specialized tests have been 
described that may aid in making the diagnosis of 

Fig. 5 Vascularization 
of the menisci. The most 
peripheral part of the 
meniscus (red zone, R) 
is well vascularized. The 
innermost part or white 
zone (W) has no 
vascularization and 
therefore no healing 
potential. The red-white 
zone (RW) is an 
intermediate 
vascularized zone, 
present in young people
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meniscal tear. These include joint-line palpation, 
McMurray test, the Apley grind test and many 
others. Although conflicting results regarding the 
diagnostic accuracy of the various meniscal tests 
have been reported, no specific examination 
manoeuvre has impressive test performance 
characteristics, with the exception of the joint- 
line tenderness test, which showed an acceptable 
diagnostic accuracy (Karachalios et al. 2005).

4.1  Plain Radiography 
and Conventional 
Arthrography

Nowadays, plain radiography is not regarded as a 
suitable examination for the detection of isolated 
meniscal injury. Depending on patient history 
and clinical examination, radiographs may how-
ever be useful in the detection or exclusion of 
associated skeletal injury or fracture, presence of 
loose bodies or degenerative changes.

For decades, conventional fluoroscopic 
arthrography (after sterile preparation and injec-
tion of intra-articular contrast medium) was the 

radiological technique for investigating meniscal 
injury. After the development of cross-sectional 
imaging techniques, conventional radiography 
only has a place as part of these techniques, i.e. in 
the context of CT or MR arthrography.

4.2  Ultrasound

Ultrasound is not the preferred method to evalu-
ate meniscal pathology but occasionally meniscal 
tears or parameniscal cysts may be seen on an 
ultrasound of the knee performed for other indi-
cations (Fig. 6).

4.3  Magnetic Resonance Imaging

Because of its exquisite contrast resolution and 
ability to simultaneously display the osseous and 
soft-tissue structures of the knee in virtually any 
plane, MRI has become the most widely used 
non-invasive imaging method that can aid in the 
evaluation of the entire spectrum of internal 
derangements of the knee.

a b

c

Fig. 6 (a–c) Ultrasound of the medial aspect of the knee 
in a 45-year-old long-distance runner. (a) An anechogenic 
fluid cleft (arrow) represents a horizontal tear, which 

divides two parts of the meniscus (asterisk). (b and c) 
Extension of the fluid collection (parameniscal cyst) in the 
superficial soft tissues anteromedial to the knee (arrows)
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4.3.1  Technique
MRI of the knee is performed with the patient in 
supine position and the knee extended or slightly 
flexed. An extremity coil is positioned around the 
knee to optimize signal-to-noise ratio (SNR). 
Nowadays, the standard field strengths in clinical 
practice are 1.5 or 3 Tesla (T).

To obtain a full overview of the knee, images in 
the axial, coronal and sagittal plane are acquired, 
ideally with a slice thickness of 3 mm or less. The 
field of view is preferably 160 mm or smaller and 
imaging matrix 140 × 256 (Tuite et al. 2012).

For routine imaging, proton density (PD)- or 
T2-weighted 2D turbo spin echo (TSE) sequences 
and T1-weighted 3D gradient echo (GRE) sequences 
are used (Recht et  al. 2005, Kijowski 2010). The 
addition of fat suppression techniques to the PD- or 
T2-weighted sequences allows better identification 
of bone marrow or soft-tissue oedema. Spectral, 
inversion recovery and Dixon techniques are avail-
able to perform FS. In a study by Fleckenstein et al. 
(1991), spectral FS proved to have better spatial reso-
lution and SNR than other techniques.

3D TSE sequences have become available in 
the last decade on almost every vendor platform, 
allowing for reduced partial volume effect com-
pared to 2D sequences. Additionally, the volu-
metric source data acquired by these 3D 
sequences may be rendered in every direction.

3D GRE sequences have also been developed. 
Despite higher spatial and contrast resolution, 
these sequences suffer from longer acquisition 
times, high susceptibility to metallic artefacts and 
poor visualization of bone marrow, menisci and 
ligaments (Kijowski and Gold 2011).

During the last decade, (semi)quantitative 
sequences have been studied for their ability to 
identify meniscal pathology.

Diffusion-weighted imaging (DWI) is able to 
detect meniscal tears through ADC mapping 
(preferably with b-values of 400 s/mm2), although 
the sensitivity of DWI does not surplus that of 
conventional sequences and spatial resolution is 
lower (Kizilgöz et al. 2013; Aydin et al. 2011).

T1ρ, T2 and T2* mapping sequences have 
demonstrated alterations in meniscal values after 
trauma without clinical evidence of subsurface 
abnormalities, suggestive of subclinical trauma 

(Williams et al. 2012). Other authors found a cor-
relation between meniscal T1ρ and T2 values and 
clinical findings of osteoarthritis (Rauscher et al. 
2008). Further research is warranted on the possi-
bility to predict long-term meniscal lesions and 
subsequent (early) osteoarthritis after knee trauma.

4.3.2  MRA
MR arthrography can be performed by direct 
injection of diluted gadolinium contrast in the 
knee (direct MR arthrography) or by administer-
ing gadolinium contrast intravenously and allow-
ing diffusion from the bloodstream into the joint. 
Direct nor indirect MRA should be performed in 
the native (non-operated) meniscus.

4.3.3  Normal MR Anatomy
Menisci must be evaluated on both the sagittal 
and coronal images. Axial images have proven to 
be useful in the detection of peripheral meniscal 
tears as well as small radial tears of the free edge 
of the meniscus (Tarhan et al. 2004).

The normal menisci demonstrate diffusely low 
signal intensity on all MRI pulse sequences 
because of their fibrocartilaginous structure. The 
most peripheral images of the sagittal plane dem-
onstrate a “bow-tie” appearance of the meniscus. 
The normal meniscus should have 1.5–2 bow ties 
(5–13 mm) on 4–5 mm thick images. Broad and 
disc-shaped menisci (>13 mm) with 3–4 or more 
bow ties are called “discoid” and are more prone 
to meniscal tears. The normal meniscus measures 
3–5 mm in height. The medial meniscus varies in 
width from 6 mm at the anterior horn to 12 mm at 
the posterior horn. The lateral meniscus is approx-
imately 10 mm in width throughout its length.

More centrally, the normal meniscus becomes 
triangular in appearance. The anterior and poste-
rior horns of the lateral meniscus are nearly equal 
in size, whereas the posterior horn of the medial 
meniscus is nearly twice the size of the anterior 
horn.

4.3.4  Diagnosis of Meniscal Tears
To understand the significance of increased sig-
nal intensity in meniscal abnormalities, an MR 
grading system has been developed and corre-
lated with a histopathologic model (Stoller et al. 
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1987): grade 1, intrasubstance globular appear-
ing signal not extending to the articular surface; 
grade 2, linear increased signal patterns not 
extending to the articular surface (Fig. 7a); and 
grade 3, the abnormal signal extends to the artic-
ular surface (Fig. 7b). The clinical importance of 
grade 2 signal abnormality in the meniscus, as 
seen on MRI and not visualized arthroscopically, 
is still not well understood. Grades 1 and 2 repre-
sent intrasubstance mucinous degeneration in an 
adult or prominent vascularity in a child and have 
no surgical significance. Grade 3 is visible by 
arthroscopy and represents a meniscal tear.

In addition to observing increased signal 
intensity within tears, the morphology of the 
meniscus should be assessed when evaluating 
meniscal lesions.

The “direct” signs (De Smet et al. 2001) asso-
ciated with meniscal tears on MRI include

 1. Unequivocal grade 3 signal (Fig. 7b)
 2. Abnormal meniscal morphology with dis-

placed or missing meniscal tissue:
 (a) Absent bow-tie sign (1 or fewer): either 

postsurgical or displaced tear (Fig. 8)

 (b) Double-PCL sign: displaced bucket- 
handle tear of the medial meniscus 
(Fig. 9)

 (c) Large anterior horn sign: displaced 
bucket-handle tear of the meniscus with 
flipped fragment

 3. Meniscocapsular separation (Fig. 10)

The “indirect” signs (Costa et al. 2004) asso-
ciated with meniscal tears on MRI include

 1. Abnormal superior popliteomeniscal fascicle 
and posterior pericapsular, oedema: lateral 
meniscal tear, most commonly posterior 
horn.

 2. Posterior bone bruise of the medial tibial pla-
teau: peripheral tears of the posterior horn of 
the medial meniscus or tears of the posterior 
root ligament of the medial meniscus. Tears of 
this ligament can be associated with ganglion 
cysts at the posterior aspect of the tibia as 
well.

 3. Extrusion (>3  mm) of the medial meniscus: 
degeneration, complex or large radial tear, 
tear involving the meniscal root.

a b

Fig. 7 (a and b) Sagittal TSE T2 WI with FS through the 
(a) lateral and (b) medial femorotibial joint in a 43-year- 
old footballer with medial knee pain. (a) Linear high sig-
nal intensity in the lateral meniscus (arrow) without 
contact with the meniscal surface. This grade II signal 

represents intrasubstance degeneration and is not clini-
cally relevant in this patient. (b) Linear high signal inten-
sity in the medial meniscus (arrow), in contact with the 
meniscal surface. This is consistent with a grade III signal 
and proved to be a tear on arthroscopy

E. De Smet et al.



431

4.3.5  Classification of Meniscal Tears
A plethora of meniscal classification systems are 
available, for example based on aetiology or tear 
pattern. However, findings or descriptions of 
meniscal tears on MRI do not always correlate 
with arthroscopic results and may become the 
cause of confusion between radiologist and 
orthopaedic surgeon.

In 2011, the International Society of 
Arthroscopy, Knee Surgery and Orthopaedic 
Sports Medicine (ISAKOS) knee committee pro-
posed a concise and reliable classification pattern 
for meniscal tears on arthroscopy (Anderson 
et al. 2011). The inter-observer reliability of this 
ISAKOS classification amongst orthopaedic sur-
geons proved sufficient to use this system for 
pooling of international trial data for comparison. 
Studies on the use of the ISAKOS classification 
on MRI also showed acceptable agreement 
between radiologists when describing meniscal 
tears, both on 2D and 3D MRI (Chhabra et  al. 
2019).

The ISAKOS system describes meniscal tears 
based on seven characteristics: tear pattern, tear 
depth, tear length, rim width, radial location, 
central to popliteus hiatus and quality of tissue.

Tear pattern: Meniscal tears can be classified 
into two primary tear planes: vertical and hori-
zontal (Fig. 11). Vertical tears are often of a trau-

matic origin and occur in younger individuals, 
whereas horizontal tears are usually secondary to 
meniscal (mucoid) degeneration and occur at 
later age.

Vertical tears are further subdivided into 
radial (perpendicular to the surface of the menis-
cus) and longitudinal (parallel to the long axis of 
the meniscus) varieties.

Radial tears are relatively uncommon menis-
cal tears and most commonly occur at the junc-
tion of the anterior horn and body of the lateral 
meniscus and at the meniscotibial attachment of 
the posterior horn of the medial meniscus. They 
are often seen as blunting of the free edge on 
coronal (MR) images. On sagittal images, the 
only evidence of a radial tear may be increased 
signal intensity on one or two peripheral 
sections.

Longitudinal vertical tears run perpendicular 
to the tibial plateau, parallel to the long axis of 
the meniscus. The meniscus is divided into a cen-
tral and a peripheral part (Fig. 12).

Horizontal tears extend through the meniscus 
along a plane parallel to the tibial plateau, divid-
ing the meniscus into inferior and superior seg-
ments. A horizontal cleavage tear is the most 
common type of tear to be associated with a 
meniscal cyst (Figs.  13 and 14). These cysts 
occur as a result of fluid extruding through the 

a b c

Fig. 8 (a–c) Tear in the posterior root of the medial 
meniscus with displacement. Axial (a) and coronal (b) 
TSE PD WI with FS reveals a defect in the posterior root 
of the medial meniscus (arrows in a). There is extrusion of 

the body of the medial meniscus due to the displaced tear 
(arrow in b). (c) Sagittal PD WI at the location of the 
defect reveals an absent bow-tie sign (asterisk)
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tear by a ball valve effect, and collecting either in 
the meniscus (intrameniscal cyst) or at the menis-
cocapsular junction (parameniscal cyst). These 
cysts tend to recur after resection if the underly-
ing meniscal cyst is not repaired.

Horizontal flap tears are predominantly hori-
zontal tears, where a portion of the meniscus may 
flip into the adjacent synovial gutter along the 
margin of the joint. These fragments may be 

missed easily at arthroscopy, when they are not 
identified on MRI.

A bucket-handle tear is an important and not 
infrequent type of meniscal injury, occurring in 
about 10% of meniscal tears in most series. It 
typically consists of a vertical or an oblique tear 
in the posterior horn that extends longitudinally 
through the body segment and anterior horn, usu-
ally occurring acutely with a sudden impact 

a b

c

Fig. 9 (a–c) Bucket-handle tear of the medial meniscus. 
(a and b) Coronal TSE PD WI with FS shows a displaced 
tear in the body of the medial meniscus (arrows). (c) 

Sagittal TSE T2 WI with FS reveals a hypo-intense struc-
ture inferior to the PCL (“double-PCL sign”, arrow), con-
sistent with the displaced flap (“bucket-handle”)
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splitting the meniscus longitudinally. Coronal 
and sagittal MR images demonstrate blunting of 
the meniscus donor with the remaining meniscus 
being smaller than normal. The inner meniscal 
fragment is often displaced in the intercondylar 
notch, creating a “handle”. Reported MRI signs 
for bucket-handle tears include absent bow-tie 
sign, double-PCL sign, disproportional posterior 
horn sign, anterior flipped fragment sign and 
double-anterior horn sign (Aydingöz et al. 2003) 
(Fig. 9).

Complex meniscal tears display combinations 
of vertical and horizontal tear patterns (Fig. 15).

Tear depth: extension of tear through one or 
(partial) or two (complete) meniscal surfaces.

Tear length: length of extension within menis-
cus (in mm).

Rim width: describes location of the tear in 
relation to the meniscal rim. Zone 1: 0–3  mm 
from the inner border; zone 2: 3–5 mm from the 
inner border; zone 3: >5 mm from the inner bor-
der (outer part of the meniscus).

Radial location: anterior, mid body or 
posterior.

Central to popliteus hiatus: describes exten-
sion of the tear in front of the popliteal hiatus.

Quality of the tissue: degenerative tissue 
exhibits diffusely increased signal, fraying and/or 
multiple tear patterns.

Chhabra et  al. (2019) found fair-to-excellent 
interrater correlation for these characteristics in 
both the medial and lateral meniscus. There was 
moderate-to-excellent inter-method correlation 
for tear pattern and radial location and moderate 
correlation for the categorization central or not to 
popliteus hiatus. The other characteristics showed 
fair-to-good and moderate-to-good correlation.

The disadvantage of this classification is the 
absence of several types of meniscal tear patterns 

a bFig. 10 (a and b) 
Meniscocapsular 
separation in 26-year- 
old rugby player with 
lateral knee pain after 
tackle. (a) Sagittal TSE 
T2 WI with FS and (b) 
coronal TSE PD WI 
with FS reveal a 
distinctive cleft (arrow) 
between the posterior 
horn of the lateral 
meniscus and joint 
capsule, compatible with 
meniscocapsular 
avulsion/separation. The 
coronal image also 
shows extensive bone 
marrow oedema in the 
later tibial plateau 
(asterisk)

Fig. 11 Drawing of meniscal tear types. Horizontal tears 
(H) run parallel and vertical tears (R, L) perpendicular to 
the tibial plateau. Vertical-longitudinal tears (L) follow 
the long axis of the meniscus. Radial (R) tears transect the 
longitudinal collagen fibres
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(oblique, meniscocapsular separation, root liga-
ment injuries), meniscal variants (discoid menis-
cus) and post-operative menisci.

Meniscocapsular separation (Fig.  10) is a 
subtype of meniscal tear, occurring most 
 commonly along the medial meniscus, but the 
lateral meniscus may be affected also. Typically, 
the posterior meniscal horn is separated from the 
capsule with displacement of the posterior menis-
cal margin from the posterior tibial border by 
more than 8–10 mm.

An oblique tear (Fig. 16) is the most common 
meniscal tear type and demonstrates both radial 
and longitudinal components, as it courses 
obliquely across the meniscus, resulting in a flap 
of unstable meniscus. They most commonly 
affect the posterior horn and are seen as predomi-
nantly horizontal on sagittal MR images originat-
ing along the inferior surface at the free edge.

4.3.6  Accuracy and Limitations 
of MRI

Although arthroscopy still remains the gold stan-
dard in the diagnosis of meniscal injuries, the 
accuracy of MRI has made it a useful screening 
tool to avoid diagnostic interventional procedures 

(Elvenes et al. 2000). The pooled weighted sensi-
tivity and specificity for medial meniscal lesions 
are 93.3% and 88.4%, respectively. For the lateral 
meniscus, these are 79.3% and 95.7%, respec-
tively (Oei et al. 2003).

However, MR findings do not always agree 
with surgical findings. A study by Van Dyck et al. 
(2007) of 200 menisci analysed the various 
causes of incorrect MR diagnoses. They found 27 
cases of discrepancy between MRI and 
arthroscopic findings. 44% of discrepancies 
between MRI and arthroscopy were determined 
as unavoidable, 37% as equivocal (or “border-
line”) and 19% as interpretation errors.

4.3.6.1 Unavoidable Errors
Unavoidable errors are defined as those in which 
the diagnosed anomalies on MRI do not correlate 
with those on arthroscopy, even when multiple 
observers agree on the MRI diagnosis.

Unavoidable false-positive results are rare 
(1%) (Van Dyck et  al. 2007). They may be the 
result of a healing or healed meniscal tear 
(Deutsch et  al. 1990). A healing tear (e.g. after 
meniscal repair) may be seen as hyperintense sig-
nal intensity in meniscal substance owing to the 

a b

Fig. 12 (a and b) Coronal TSE PD WI with FS in a 
38-year-old snowboarder. A longitudinal-vertical tear in 
the lateral meniscus (arrowhead in a) is noted, without 
significant displacement. Additionally, extensive bone 

marrow oedema in the medial and lateral tibial plateau 
(asterisks) is present, as well as a rupture of the ACL 
(arrow) and sprain grades 2–3 of the MCL (arrowhead in 
b)
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presence of granulation tissue (Farley et  al. 
1991). Also, they may be related to incomplete 
arthroscopic evaluation of the meniscus (Quinn 
and Brown 1991). Blind spots for the arthrosco-
pist include the anterior horn of each meniscus, 
the extreme inner portion of the posterior horn of 
the medial meniscus and the undersurface of both 
menisci. Therefore, it is important to describe 
any tear in these areas clearly, because they may 
be easily missed during arthroscopy. Confusion 
between what represents fraying and what repre-

sents a tear may be another source of erroneous 
MR diagnosis.

Unavoidable false-negative errors are due to 
limitations of the MR sequences and imaging 
planes and do not represent observer errors. 
Small meniscal tears may not be discernible 
because the edges of small tears may be very 
closely apposed. The largest percentage of these 
false-negative results are found in the lateral 
meniscus. In the aforementioned study by Van 
Dyck et  al. (2007), 23% of lateral meniscal 

a c

b

Fig. 13 (a–c) MRI in 
the 45-year-old 
long-distance runner in 
Fig. 6. (a) Sagittal T2 
WI with FS shows a 
horizontal tear (arrow) 
in the body of the medial 
meniscus with 
parameniscal cyst 
(asterisk). (b) Axial TSE 
PD WI with FS reveals 
the true extent of the 
parameniscal cyst(s). (c) 
On TSE T1 WI, there is 
also abnormal signal 
intensity in the body of 
the lateral meniscus, 
consistent with a 
horizontal tear (thick 
arrow)
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lesions were missed by MRI. Another study by 
De Smet et al. (1994) reported a lower yet also 
significant 11% of lateral meniscus lesions that 
were not detected on MRI. Furthermore, if a tear 
of the ACL is present, meniscal tears are more 
likely to be missed on MR images. Presumably, 
the biomechanical forces that result in an ACL 
tear cause meniscal tears that are difficult to diag-

nose on MR, namely in the posterior and periph-
eral parts of the lateral meniscus (De Smet and 
Graf 1994).

4.3.6.2 Equivocal Errors
It is not always possible to neatly categorize 
meniscal signal and determine if it is confined 
to the substance of the meniscus or extends 

a b

Fig. 14 (a and b) Horizontal tear (arrowheads) in the body and posterior horn of the medial meniscus on (a) sagittal 
TSE T2 WI with FS and (b) coronal TSE PD WI with FS

a b

Fig. 15 (a and b) Complex tear in the posterior horn of 
the medial meniscus. (a) On the sagittal TSE PD WI, ver-
tical (arrowhead) and horizontal (arrow) tears are revealed. 

(b) The axial TSE PD WI with FS shows a small defect in 
the posterior horn and body of the medial meniscus 
(arrow)
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through the surface (Kelly et  al. 1991). These 
equivocal MR imaging findings may lead to 
both false- positive and false-negative results 
compared to arthroscopy. De Smet et al. (1993) 
found that menisci with signal possibly contact-
ing the surface had the same frequency of tears 
as menisci without signal contacting the sur-
face. Furthermore, only 55% of medial and 
30% of lateral menisci with signal contacting 
the surface on only one image were torn. 
Therefore, we suggest when linear signal 
closely approximates, but does not convinc-
ingly violate an articular surface, it is best to be 
descriptive rather than overcall a questionable 
finding. If surface contact is seen on only one 
image, the diagnosis should be qualified as a 
possible tear. Menisci with internal signal that 
only possibly contacts the surface should be 
considered intact.

Interestingly, it is not clear whether improved 
image quality leads to decrease of these equivo-
cal errors (Van Dyck et al. 2010).

4.3.6.3 Interpretation Errors
This type of error may occur due to normal vari-
ants (Fig.  14). Radiologists must be aware of 
numerous pitfalls simulating a meniscal tear, 
including normal anatomical structures in close 

proximity to the meniscus (anterior transverse 
ligament, oblique meniscomeniscal ligament, 
meniscofemoral ligament, popliteal tendon, 
Wrisberg variant of discoid lateral meniscus), 
MR artefacts (volume averaging of adjacent 
bright structures, e.g. fat or fluid, truncation and 
motion-blurring artefacts, magic-angle phenom-
enon) and pathologic conditions (gas within the 
joint-vacuum phenomenon or iatrogenic, chon-
drocalcinosis, cartilage defects, meniscal ossicle) 
(Vanhoenacker et al. 2016).

4.4  CT Arthrography

The major indication of CT arthrography in 
meniscal evaluation is the detection of meniscal 
tears in the post-operative meniscus (see the fol-
lowing paragraph). Additionally, CTA is an alter-
native in patients with relative or absolute 
contraindications for MRI, including claustro-
phobia or implants such as defibrillators, or when 
MRI is not readily available.

Limitations inherent to the performance of 
this technique include invasiveness, possible 
allergic reaction, use of ionizing radiation and 
limited value for detection of associated ligamen-
tous and/or soft-tissue disorders.

a b c

Fig. 16 (a–c) Oblique (“parrot beak”) tear in the poste-
rior horn of the medial meniscus of a 42-year-old foot-
baller. Grade 3 signal (arrow) is seen on the (a) sagittal 
TSE PD WI and (b) coronal TSE PD WI with FS, consis-

tent with a radial orientated tear. (c) The axial image 
reveals a slight oblique course of the tear (arrow) which 
creates a small, non-displaced flap (asterisk)
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Multidetector CT arthrography (CTA) of the 
knee is an accurate and reproducible method for 
detecting meniscal abnormalities. Vande Berg 
et al. (2000) found a sensitivity and specificity 
for the detection of meniscal abnormalities of 
98% and 94%, respectively, equivalent to those 
in most studies with MR imaging. More recent 
studies found a significantly lower accuracy 
(Fox et  al. 2016), although this may be attrib-
uted to a delay between contrast injection and 
CT scan (≥60 min). Furthermore, CTA proved 
to be an accurate technique for detection of 
unstable meniscal tears with a sensitivity and 
specificity of 97% and 90%, respectively. Poor 
performance of MR imaging in the recognition 
of displaced meniscal fragments smaller than 
one-third of the meniscus has been reported 
(Wright et al. 1995).

5  Therapeutic Management 
in Athletes

When faced with a meniscal tear, the orthopaedic 
surgeon has three options: (1) leave the tear 
alone, (2) attempt a primary meniscal repair or 
(3) perform a partial or complete meniscectomy. 
When clinical symptoms persist after complete 
meniscectomy, meniscal replacement may be 
considered.

The treatment goal is to preserve as much 
functional meniscal tissue as possible to lessen 
the probability of developing osteoarthritis while 
addressing the clinical symptoms caused by 
meniscal tears.

Evaluation of the clinical situation is essential 
for optimal treatment planning, as well as menis-
cal tear location, extent and stability (Weiss et al. 
1989).

Although MRI provides valuable informa-
tion by displaying the location and extent of 
the tear, it is often impossible to determine 
with certainty whether or not a tear is stable 
using MRI (unless a displaced fragment is 
present). Meniscal tear stability is best deter-
mined with direct depiction and palpation at 
arthroscopy (Dandy 1990).

However, on MRI, tears that are considered 
stable include (1) a partial-thickness tear (less 
than half the height of the meniscus), (2) a full- 
thickness oblique or vertical tear measuring less 
than 7–10 mm in length and (3) a radial tear mea-
suring less than 5 mm (Matava et al. 1999).

5.1  Conservative Treatment

In older or less active patients with minor symp-
toms, a more conservative approach is often 
employed. The mere presence of a meniscal tear 
in the degenerative knee is not an indication for 
arthroscopy. Research demonstrated that menis-
cal tears were a very common magnetic reso-
nance imaging finding in asymptomatic patients 
and that there was no difference in pain or func-
tion between osteoarthritic patients with and 
without meniscal tears (Miller 2004). Other stud-
ies suggested that horizontal (degenerative) tears 
should be treated non-operatively in the presence 
of cartilage damage (Katz et al. 2013). However, 
in athletes, non-operative treatment is usually 
inadequate for a patient with high physical 
demands associated with sport, as the reduction 
in activity necessitated by the symptoms is not 
acceptable (Ludman et al. 1999).

5.2  Surgical Interventions

Based on MR images, it is important to classify 
the location of the tear relative to the blood supply 
of the meniscus. This allows repair potential of 
the lesion to be predicted. A red-red tear is located 
at the meniscal periphery within the vascularised 
zone or represents capsular detachment. It has the 
best prognosis for healing, as the blood supply 
persists in this region (Fig.  17). The red- white 
tear has no blood supply from the inner surface of 
the lesion; however the remaining vascularity is 
usually sufficient for the healing process. A red-
red and red-white tear may spontaneously heal or 
may be repaired. White- white tears need to be 
resected, as they are located in the avascular zone 
and have no healing potential.
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5.2.1  Meniscectomy 
(Partial-Complete)

Partial meniscectomy is often the treatment of 
choice in symptomatic horizontal tears persistent 
to conservative treatment, unstable flap tears, 
radial tears, longitudinal-vertical tears in the 
white-white zone and complex tears. Associated 
parameniscal cysts are preferably debrided to 
reduce symptoms (Tafur et al. 2018). Other indi-
cations include irreparable root tears or vertical 
tear or failed meniscal repair.

Short-term clinical results were demonstrated 
for this type of surgery, but long-term follow-up 
revealed a high rate of progression to osteoarthri-
tis (Fauno and Nielsen 1992).

5.2.2  Meniscus Repair
The main indication for meniscal repair is acute, 
traumatic longitudinal-vertical tears within the 
red-red zone (Vaquero and Forriol 2016). 
Extended indications for meniscal repair surgery 
include tears red-white zone in younger patients, 
radial tears, root avulsions and meniscocapsular 

avulsions/meniscal ramp lesions (Kurzweil et al. 
2014; Thaunat et al. 2016). Contraindications are 
extensive degenerative changes or ligamentary 
instability without concomitant ligament repair.

A recent meta-analysis concluded that re- 
operation rates were higher for meniscal repair 
than those for meniscectomy but it leads to better 
long-term function outcome and better activity 
level (Xu and Zhao 2015).

5.2.3  Meniscus Reconstruction
Persistent joint-line pain and swelling after com-
plete or partial meniscectomy are possible indica-
tions for meniscal replacement. Meniscal allograft 
transplantation is mostly reserved for patients under 
50  years of age. For older patients with chronic 
meniscal problems, synthetic (polycarbonate ure-
thane (PCU) or collagen) implants are available.

Prophylaxis for further advancement of osteo-
arthrosis is not the main goal in these patients. 
Rather, the main aims are to restore normal knee 
mechanics, improve joint function and relieve 
pain (Doral et al. 2018).

a b

Fig. 17 (a and b) Potential retear after previous partial 
lateral meniscectomy on (a) coronal TSE PD WI with FS 
and (b) sagittal TSE T2 WI with FS.  Discrete blunted 
aspect of the body of the lateral meniscus suggests previ-
ous partial lateral meniscectomy (arrows). There is linear 

high signal intensity in contact with the resection surface, 
suggestive of retear. However, clinical information stated 
the presence of a stable residual tear that was left by the 
surgeon in order to minimize meniscal volume loss. The 
patient was pain free
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6  Imaging of the Post-
operative Meniscus

Because meniscal surgery is so common in the 
young, athletic population, many patients who have 
undergone meniscal surgery present with recurrent 
knee injury or pain. For the radiologist, imaging the 
post-operative meniscus remains a challenge. 
Contour abnormalities and diffuse signal changes 
may be present in both normal post- operative 
menisci and recurrent meniscal tears. As in preop-
erative patients, MR imaging is the most valuable 
imaging method for post-operative evaluation of the 
knee (McCauley 2005). Standard MR imaging pro-
tocols, however, are less reliable in imaging post-
operative knees than in unoperated knees, especially 
for the diagnosis of meniscal tears, with accuracies 
ranging from less than 50% to 80%.

6.1  MR Appearance After (Partial) 
Meniscectomy

Following partial meniscectomy, the meniscus 
has a smaller aspect, possibly with some degree 
of deformity. Intermediate signal intensity on a 
proton density/intermediate-weighted sequence- 
weighted image extending to the meniscal sur-
face (“grade 3 signal”) may represent 
fibrovascular or fibrocartilaginous repair tissue, 
pre-existing degenerative signal abnormalities 
abutting the post-operative surface or a new tear 
(Figs. 17 and 18).

Increased signal on a T2-weighted image 
extending into the meniscus is a stricter criterion 
for recurrent or residual tear, providing higher 
specificity (73% versus 53%) but lower sensitiv-
ity (72% versus 76%) (White et al. 2002).

6.2  MR Appearance After 
Meniscus Repair

Following meniscal repair, the fibrovascular 
repair tissue and later fibrocartilaginous scar tis-
sue may present as abnormal signal intensity 
contacting the meniscal surface on intermediate- 
weighted sequences (Toms et al. 2005) (Fig. 19). 

Differentiating these normal post-operative find-
ings from recurrent tear remains challenging. The 
presence of high signal on T2-weighted images 
has a higher specificity and accuracy (90–99% 
and 83–91%, respectively) than PD- and 
T1-weighted sequences (Miao et al. 2009, 2011). 
Additional signs suggestive for retear include 
diastasis of the suture edges >1 mm or displaced 
meniscal flaps (Recht and Kramer 2002).

6.3  MR Appearance After 
Meniscal Replacement

Meniscal allograft transplants often develop dif-
fuse signal abnormalities, even shortly after trans-
plantation. These grade 3 alterations may remain 
stable or progress, most frequently in the lateral 
knee compartment (Buma et al. 2004). It was sug-
gested by Verdonk et al. (2006) that these changes 
were alterations in the extracellular matrix compo-
sition and water content rather than real tears.

Often, radial displacement of the body of the 
transplant meniscus is seen. This phenomenon 
was more frequently observed in the medial than 
lateral meniscus. The relevance of this finding 
remains debated, as some authors believe this to 
be a sign of subsequent degeneration (Costa et al. 
2004; Gale et  al. 1999) while other studies did 
not find a correlation with clinical outcome 
(Verdonk et al. 2006; Lee et al. 2015).

Only few studies examined the MR findings of 
artificial meniscal implants. Both PCU and col-
lagen implants show higher signal intensity on 
T2-weighted sequences. In PCU implants, 
defects in the posterior horn have been described 
(Huysse et  al. 2008). Radial displacement may 
also be seen in PCU implants but, as in allograft 
transplantation, has no significant effect on clini-
cal outcome (De Coninck et al. 2013).

6.4  Conventional MR Versus MRA 
Versus CTA in the Post-
operative Meniscus

The discussion on which imaging modality is the 
most accurate for diagnosing recurrent tear after 
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meniscal surgery has been the subject of many 
studies.

Most authors report a higher accuracy for 
direct and indirect MR arthrography than MRI. In 
a recent meta-analysis, reported accuracies for 
recurrent tear for both partial meniscectomy and 
meniscal repair are 57–80% for MRI, 81–93% 
for indirect MRA and 85–93% for direct MRA 
(Baker et al. 2018). In CTA, the reported sensitiv-
ity and specificity after partial meniscectomy are 
93% and 89%, respectively (Mutschler et  al. 
2003).

In partial meniscectomy, the accuracy of the 
different techniques varies according to the 
amount of meniscus that was resected. When less 
than 25% of the meniscus was resected, the accu-
racy of conventional MRI was 89%. In larger 
resection volumes (greater than 25%), the accu-
racy of conventional MRI dropped to 69%, sig-
nificantly less than that of direct MRA (89%) 
(Applegate et al. 1993, Magee et al. 2003).

CT arthrography or direct MR arthrography 
may reveal contrast extravasation within (partial- 
thickness recurrent tear or partial-healed repair) 

a

c

b

Fig. 18 (a–c) New meniscal tear after partial meniscec-
tomy. (a) On axial TSE PD WI with FS, irregularity of the 
inner rim of the medial meniscus is noted (arrowhead), 
consistent with previous partial medial meniscectomy. (b) 
Coronal TSE PD WI with FS and (c) sagittal TSE T2 WI 

with FS confirm partial volume of the medial meniscus 
(arrowheads). High signal intensity is seen at a distance of 
the surgery site (arrows), compatible with a new oblique 
tear
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or through the meniscus (full-thickness recurrent 
tear or failed repair). However, these findings are 
not present in every retear, possibly due to 
mechanical obstruction (e.g. scar tissue) (De 
Smet et al. 2006; Magee 2014).

6.4.1  Imaging Pathway in the Post- 
operative Meniscus

In general, most patients do not need to undergo 
MR arthrography and conventional MRI should 
be considered as the first-line investigation (38) 
(Fig. 16). We look for unequivocal sites of fluid 
intensity signal within the meniscal remnant, dis-
placed fragments or tears in a new location, as the 
only reliable criteria for a recurrent or residual 
tear. Standard criteria can be used to interpret 
areas of the menisci known to be separated from 
the site of prior surgery. Investigation with MRA 
(or CTA) could then be considered if conven-
tional MRI is normal (no severe degenerative 
arthrosis, avascular necrosis, chondral injuries, 
native joint fluid extending into a meniscus or a 
tear in a new area), if the clinical suspicion of 
recurrent tear is high, or if conventional MRI is 
inconclusive. In particular, MRA may be useful 
when there is prior knowledge of significant 
meniscal resection (more than 25%) or meniscal 
repair with new symptoms in the same area as the 
initial symptoms. Furthermore, MR arthrography 

is of additional value in assessing the articular 
cartilage, deteriorating more rapidly after 
meniscectomy.

7  Specific Sports and Overuse 
Trauma of the Meniscus

7.1  Injury Mechanisms in Sports 
Injury

Sports-related meniscal tears may result from 
excessive application of force to a normal 
meniscus (in the young athlete) or normal 
forces acting on a degenerative meniscus (in 
older patients). Meniscal injury, particularly 
sports-related injuries, usually involves damage 
due to twisting motions, which are common in 
sports, with a varus or valgus force directed to a 
flexed knee. Contact with another player typi-
cally does not occur, nor does lunging or land-
ing awkwardly. A single “wrong” step is 
sufficient.

The most common traumatic mechanism, 
accounting for nearly half of all injuries, com-
bines valgus force directed to a flexed knee with 
the tibia in exorotation (Hayes et  al. 2000). 
Therefore, compression with impaction injury 
usually occurs in the lateral compartment, whereas 

a b

Fig. 19 (a) Preoperative and (b) post-operative coronal 
TSE PD WI with FS. The preoperative image (a) reveals a 
grade 3 signal/horizontal tear (arrow) in the red zone of 
the body of the lateral meniscus. 3 months after repair sur-

gery (b), persistent high signal (arrow) is noted at the sur-
gery site. This represents fibrovascular repair tissue and 
not a new tear
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tension with distraction injury occurs in the medial 
compartment. Thus, the medial meniscus is at risk 
for peripheral avulsion injury at the capsular 
attachment site resulting in peripheral meniscal 
tear (and/or meniscocapsular injury) whereas the 
lateral meniscus gets entrapped by compressive 
force, splays and splits (because of its more circu-
lar shape and decreased radius of curvature) the 
free margin resulting in a radial tear.

In contact sports, tackles are often directed 
towards the lateral side of the knee, resulting in 
the same injury mechanism and type of (menis-
cal) lesions.

Injury to the medial meniscus is about five 
times more common than injury to the lateral 
meniscus. Compared to the lateral meniscus, the 
medial meniscus is relatively immobile because 
of its firm attachment to the medial capsule along 
its peripheral border. The lateral meniscus, 
loosely applied to the joint capsule, moves freely 
with the condyle and usually can escape entrap-
ment (Muller 1983).

The trauma-related medial meniscal tear typi-
cally demonstrates a vertical orientation extending 
across the full thickness of the meniscus. It may 
redirect itself obliquely towards the free margin of 
the meniscus, creating a flap configuration.

Radial tears are rare in the medial meniscus 
and appear to follow more severe forms of ath-
letic trauma. Kidron and Thein (2002) described 
the presence of a small radial root tear in the pos-
terior horn of the medial meniscus in 11 of the 
1270 operated knees (0.86%). Each of these 11 
patients, all active in demanding sports, including 
handball, judo and gymnastics, had a history of 
acute flexion injury and medial joint-line pain. 
Arthroscopic trimming of the edges of the tear 
revealed a developing cleavage plane tear 
 extending to the body of the meniscus, resulting 
in partial meniscectomy.

Moreover, according to a study by Magee 
et  al. (2004), the prevalence of meniscal radial 
tears may be increased in the post-operative knee 
due to the altered hoop mechanism of the menis-
cus and decreased ability to transmit loads. These 
authors found a prevalence of meniscal radial 
tears of 32% in the post-operative knee as 
opposed to a reported prevalence of 14% in the 
non-operated knee.

There are significant regional differences in 
sports-related meniscal injuries depending upon 
the popularity of specific sports. In a study by 
Baker et al. (1985), meniscectomies performed in 
Syracuse, New  York, from 1973 to 1982 were 
reviewed. Medial versus lateral meniscus injury 
was 81 versus 19%. Football had a 75% predomi-
nance of medial meniscectomy; basketball, 75%; 
wrestling, 55%; skiing, 78%; and baseball, 90%. 
These data indicate that there are differences in 
the ratio of medial versus lateral meniscal disrup-
tion associated with specific sports activities. 
Medial meniscal injuries were consistently more 
common in all sports categories, except wres-
tling, where the frequency of lateral meniscal tear 
is nearly equal to that of a medial meniscal tear.

7.2  Symptomatic 
and Asymptomatic Meniscal 
Lesions in Athletes

Asymptomatic or “silent” grade 3 intrameniscal 
signal abnormalities have been described in both 
athletes and less active patients (Ludman et  al. 
1999). The incidence of asymptomatic meniscal 
tears increases with age, with 5.6–13% of those 
less than 45  years old and 36% of those more 
than 45 years old (Greis et al. 2002). Some stud-
ies have suggested that athletic groups, including 
American football players and marathon runners, 
show an increased incidence of meniscal abnor-
malities (Shellock et  al. 1991). In a study by 
LUDMAN et  al. (1), the overall incidence of 
grade 3 changes (13%) in gymnasts was not sig-
nificantly different from the incidence in the con-
trols. However, when compared with the control 
group, the group of gymnasts had a significantly 
different distribution of grade 3 intrameniscal 
changes, preferentially involving the lateral 
meniscus (evenly divided between the anterior 
and posterior horns), whereas in the control 
group, grade 3 changes were mostly found in the 
medial meniscus (only posterior horn). The rea-
son why the lateral meniscus of gymnasts is pref-
erentially affected is unclear. Nevertheless, 
knowledge of these MR appearances is important 
when evaluating the lateral menisci within this 
group of athletes to prevent unnecessary 
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treatment or intervention. This is particularly 
important when the imaging findings do not 
closely correlate with the site of symptoms.

On the other hand, symptomatic grade 2 intra-
meniscal signal has been described in athletes 
(Biedert 1993). In 35 of 43 patients (77.7%) with 
clinical features of a possible meniscus lesion, a 
pure intrasubstance tear with linear grade 2 sig-
nal was identified on MRI. This type of lesion in 
the posterior horn represents a frequent cause of 
false-negative result on arthroscopy. All patients 
were free of symptoms after conservative treat-
ment or partial meniscectomy. In this study, the 
highest rates of intrasubstance tears were found 
in soccer, running and ice hockey.

Although not specifically described in any 
sports branch, a potential source for false- positive 
interpretation for meniscal tear in the MR evalu-
ation of the post-traumatic knee is the so-called 
meniscal contusion. Cothran et  al. (2001) 
described focal signal abnormalities in the knees 
of six patients who had a history of acute knee 
trauma, associated with tears of the ACL and 
bone contusions. This signal reached the articular 
surface of the meniscus, but did not meet the cri-
teria for a meniscal tear or degeneration. The 
meniscus gets trapped between the femur and 
tibia during a traumatic event. The adjacent bone 
contusion should alert one to the possible pres-
ence of a contusion rather than a meniscal tear.

Meniscocapsular separation (“ramp lesions”) 
has been partially discussed previously in this 
chapter. They are most commonly seen along the 
medial meniscus, which is more tightly adherent 
to the joint capsule. Small avulsed corners of the 
medial meniscus may be difficult to identify 
unless a directed search is made for them.

George et al. (2000) have found that anterolat-
eral meniscocapsular separations of the lateral 
aspect of the knee were frequently missed on 
MRI reporting in a group of athletes presenting 
with lateral joint-line pain suggestive of meniscal 
injury. During arthroscopy, in all patients menis-
cocapsular separation was confirmed and no 
meniscal tears were found. Meniscocapsular 
tears can also occur along the posterolateral cor-
ner of the joint, with disruption of the menisco-
popliteal fascicles.

Another entity, recently described in severe 
acute (sports) injury of the knee by Bikkina et al. 
(2005) is the so-called floating meniscus, corre-
sponding to a meniscal avulsion or detachment 
from the tibial plateau with an associated disrup-
tion of the meniscotibial coronary ligaments, 
which attach the meniscus to the tibia, allowing 
fluid to encompass the meniscus. It is usually 
seen as a sequela of high-impact (sports) injury 
or trauma. The presence of a “floating meniscus” 
on MRI is often associated with significant liga-
mentous injury without evidence of a tear within 
the substance of the meniscus. Alerting the sur-
geon to the presence of a meniscal avulsion facil-
itates appropriate surgical planning with meniscal 
reattachment to the tibial plateau.

8  Conclusion

Meniscal injuries are very common among pro-
fessional and amateur athletes and are a major 
cause of functional impairment of the knee. For 
athletes, unnecessary treatment or intervention 
may be as damaging to a competitive future as 
failure to diagnose a clinically significant injury. 
Therefore, rapid and accurate evaluation of pos-
sible meniscal injuries is crucial in these 
patients.

For detection of meniscal pathology, MRI is 
an excellent diagnostic imaging tool, with accu-
racy of as high as 98%, compared to arthroscopy, 
remaining the gold standard. Furthermore, MRI 
proved useful, on the basis of its high negative 
predictive value, to avoid unnecessary arthros-
copy and hospitalization, morbidity and waste of 
limited financial and manpower resources.

However, radiologists must be aware of 
numerous pitfalls simulating a meniscal tear. 
Furthermore, MRI pictures contain many details 
with an uncertain clinical relevance, delineating 
the need to correlate MR with clinical findings in 
order to plan treatment optimally.

Things to Remember
 1. Meniscal tears are the most common cause of 

knee pain and instability in athletes.
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 2. Symptoms and clinical findings are usually 
non-specific and must be regarded as of little 
value in making the correct diagnosis.

 3. MRI has replaced other imaging techniques 
for diagnosis of meniscal tears.
MR criteria for classifying meniscal tears 
have been clearly described. In addition to 
diagnosing meniscal tears, the radiologist 
should describe the features of each meniscal 
tear that may affect treatment.

 4. As the long-term protective effect of the menisci 
on the joint surfaces has been well documented, 
meniscal preservation should be the goal of 
treatment. Stability, location and type of menis-
cal tear are essential in deciding whether to 
repair, resect or leave alone a meniscal lesion. 
Allograft replacement is an evolving technique.

9  Imaging Boxes
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Abstract
The knee has no intrinsic osseous stability and 
relies primarily on strong intra- and extra- 
articular ligaments to perform this task, aided 
by dynamic muscular forces. The cruciate and 
collateral ligaments are the most important of 
these and knowledge of the patterns of injury 
leading to their disruption is vital when inter-
preting MRI studies following trauma, either 
direct or indirect. Studies of the outcomes of 
ligament repair and reconstruction have high-
lighted the ligaments of the posterolateral and 
more recently the posteromedial corners, 
although their importance is yet to be firmly 
established. These ligaments are often small, 
but improving MRI resolution and reliable 
indirect signs make assessment possible in 
most studies. For comprehensive descriptions 
of anatomy with illustrations, please see the 
many excellent articles referenced.

1  Introduction

This chapter is divided into two main parts, the 
intra-articular ligaments and extra-articular liga-
ments of the knee. This division is important as 
the extra-articular ligaments are not visible on 
routine arthroscopic procedures and conse-
quently MR plays a most important role in their 
evaluation.
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2  Intra-articular Ligaments

The principle intra-articular ligaments are the 
anterior cruciate and posterior cruciate ligaments. 
Minor ligaments include the anterior intermenis-
cal ligament, the posterior intermeniscal liga-
ment, the meniscofemoral ligament, the oblique 
intermeniscal ligament and the infrapatellar 
plica.

2.1  The Anterior Cruciate

2.1.1  Anatomy
The anterior cruciate ligament (ACL) runs from a 
semicircular origin on the medial aspect of the 
lateral femoral condyle, in a spiral course for-
wards, and laterally to a fan-shaped insertion on 
the anterior tibial eminence. In its proximal por-
tion it runs parallel to the intercondylar roof. It is 
composed of a number of collagen fibre bundles 
which are organised into two principle bundles. 
The largest of these, the anteromedial bundle, 
comprises densely packed fibres compared with 
the more loosely packed posterolateral bundle. 
The anteromedial bundle becomes taut in flexion, 
when most of the ligament is relaxed. In exten-
sion, the larger, posterolateral portion is under 
tension (Remer et al. 1992). The attachment sites 
are like other entheses, with a transitional zone of 
fibrous and mineralised cartilage. The ligament is 
intra-articular but extrasynovial and is enclosed 
in a fibrous connective tissue sheath which also 
contains a little fluid. The size of the ACL aver-
ages 4  cm long and 1  cm thick, but differs 
between the sexes, being slightly smaller in 
women. The femoral notch is also correspond-
ingly smaller and these findings may account for 
the differences between the sexes in the incidence 
of ACL injury (Charlton et  al. 2002). 
Neurovascular supply to the ACL is from the lat-
eral geniculate artery and tibial nerve branches, 
respectively.

2.1.2  Imaging
On most sequences the anterior cruciate ligament 
is easily identified as a structure of low signal 
intensity (Fig.  1). The anteromedial bundle is 
best depicted on sagittal sections, where the taut 

ACL shows as a hypointense line which can be 
traced from origin to close to the insertion on the 
tibia. In the insertional area, the fibres of the 
anteromedial bundle spread out and may there-
fore become poorly defined as the space between 
them is filled with fluid, fat or connective tissue. 
This apparent loss of conspicuity of the ligament 
should not be misinterpreted as an insertional 
tear. The posterolateral bundle is more poorly 
defined but can be identified as a number of 
strands separated by fluid and connective tissue. 
A number of variants in the normal appearance 
can be identified. Occasionally linear confluence 
of fluid can be seen separating the fibre bundles 
(Fig. 2). This is particularly evident on gradient 
echo. In children the lower third of the ligament 
in particular can be poorly defined. Indeed in 
very young children the anteromedial bundle in 
its entirety may be poorly demarcated making 
interpretation of anterior cruciate ligament rup-
ture more difficult. Fortunately, in children it is a 

Fig. 1 Normal ACL. Sagittal fat-suppressed proton den-
sity MR image. Note the hypointense line representing the 
anteromedial bundle (arrow). The fibres spread out as they 
approach the tibial insertion (arrowhead)
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rare injury and when it occurs it is usually an 
avulsion injury from the tibial insertion.

A maximum slice thickness of 4 mm is recom-
mended to ensure that the ligament is properly 
seen. Orientation of images along the axis of the 
ACL can be helpful. The anterolateral margin of 
the lateral femoral condyle can be used as a 
guide. In practice, with 3–4 mm slices on modern 
imaging equipment, angulation is rarely 
 necessary, though it is useful to show the anterior 
cruciate in a single slice. Sagittal images can be 
supported by coronal and axial sections and all 
three planes are often needed for accurate diag-
nosis. These can be particularly helpful in pro-
viding alternative visualisation of the femoral 
origin which can sometimes be difficult to depict 
on sagittal images (Fig. 3).

2.1.3  Injuries to the Anterior Cruciate
Sports injuries account for a high proportion of 
injuries to the ACL.  The injury can occur in a 
variety of mechanisms, but most frequently 
occurs with tibial internal rotation and valgus. It 

is an especially common skiing injury, where two 
main mechanisms cause ACL rupture: valgus- 
external rotation and flexion-internal rotation. 
The latter is more common in women and older 
skiers (Jarvinen et al. 1994). Valgus results in dis-
traction of the medial joint compartment and 
impaction of the lateral femoral condyle with the 
lateral tibia plateau. There is a 6% 5-year inci-
dence in professional soccer players (Pereira 
et  al. 2003), 4% of Australian rules football 
(Gabbe and Finch 2001) and 2% of American 
footballers in the NFL (Bradley et al. 2002). The 
rate is likely to be higher in semi-professional 
and amateur players.

Typically the patient will describe an instanta-
neous moment of injury, where indeed an audible 
‘pop’ may be heard. This is followed by slow- 
onset haemarthrosis occurring 2–3  h after the 
event. The delay is due to a slow drip from the 
investing blood vessels. Signs of injury are 
divided into primary (those that directly depict 
the tear) and secondary signs. Subsequent sec-
tions will describe the primary imaging findings 
in complete ACL rupture, changes that might 
suggest partial rupture, secondary signs of ACL 
rupture and their usefulness and associated 
injuries.

Fig. 2 Normal ACL. Sagittal coronal fat-suppressed pro-
ton density MR image showing prominent fluid lines 
between fibres (arrow)

Fig. 3 Normal ACL. Coronal fat-suppressed proton den-
sity MR image demonstrating the origin of the ACL from 
the medial aspect of the lateral condyle (arrow)
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2.1.3.1 Primary Signs of ACL Rupture
The principal finding in acute anterior cruciate 
ligament rupture on sagittal orientated MR 
images is failure to identify the normal hypoin-
tense low-signal line of the anteromedial bundle 
(Fig. 4) taut between its two bony attachments. 
After injury, the ligament fibres are grossly dis-
rupted and separated by haemorrhage and 
oedema such that it is often difficult to identify 
whether the injury involves the proximal, distal 
or midsubstance of the ligament. Less commonly 
the anterior cruciate ligament may displace ante-
riorly within the notch and present as an inability 
to fully extend the knee. This locked-knee pre-
sentation may mimic a bucket handle tear of the 
meniscus clinically. Huang et  al. (2002) have 
described the appearance of the entrapped ACL 
stump as being of two types. The more common 
type 1 stump appeared as a nodular mass located 
in the anterior recess of the joint (Fig. 5). Type 2 
stumps had a tongue-like fold of ACL displacing 

Fig. 4 Acute ACL rupture. Sagittal fat-suppressed proton 
density MR image. The ACL is torn proximally (arrow) 
and assumes a lax wavy configuration (arrowhead)

a b

Fig. 5 ACL stump entrapment. (a, b) Sagittal fat-suppressed proton density MR images show (a) a nodular mass-like 
stump (arrow), and (b) a tongue-like folded stump (arrow)
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out of the intercondylar notch into the anterior 
joint recess (Huang et al. 2002). Most often, it is 
often difficult to identify a displaced anterior cru-
ciate ligament stump as the cause of impinge-
ment and should be considered in cases of knee 
locking where a displaced meniscal tear is not 
identified. The differential diagnosis on the 
locked knee in the absence of a displaced bucket 
handle tear also includes injury to other liga-
ments, particularly a tear of the medial collateral 
ligament, leading to muscle spasm and 
 pseudo- locking. Osteochondral fragment 
impingement should also be considered particu-
larly if there is a suspicion of reduced patellar 
dislocation. Care should be taken not to confuse a 
prominent oblique intermeniscal ligament for a 
torn anterior cruciate ligament.

The tibial attachment of the ACL may avulse 
with a fragment of bone which itself may be vari-
ably elevated and rotated. Such fragments can be 
subtle on X-ray (Fig.  6). This type of avulsion 
tear can be managed conservatively or undergo 
primary repair depending on the degree of frag-
ment elevation and displacement.

In more chronic stages, the torn anterior cru-
ciate ligament can undergo complete atrophy 
such that no remnant of the ligament is visible. 
In other cases, as the oedema and haemorrhage 
settle the torn ligament may reappear having 
fallen to the floor of the intercondylar groove 
(Fig. 7).

2.1.3.2 Secondary Signs
The primary signs described above carry strong 
predictive values for ACL rupture. When the pri-
mary signs of non-visualisation of fibre bundles 
or focal disruption and intrinsic oedema are also 
applied to coronal and axial images, the diagno-
sis can usually be firmly established (Fig. 8). A 
variety of secondary signs of anterior cruciate 
ligament disruption have been described. In the 
majority of cases, the primary signs have a reli-
ability such that the secondary signs are rarely if 
ever of practical value. They may however be 
helpful in differentiating a partial or low-grade 
tear from a complete or high-grade injury. 
Secondary signs of anterior cruciate ligament 
rupture can be divided into three groups: (1) 

a b

Fig. 6 (a, b) ACL avulsion. (a) Sagittal proton density MR image showing ACL avulsion with a displaced tibial frag-
ment (arrow). (b) AP X-ray showing the subtle fragment (arrow)
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those that involve a bony injury, (2) those reflect-
ing soft-tissue injury and (3) those that reflect 
anterior tibial translation.

Secondary Signs: Bone Injury
Three separate bony injuries are associated with 
ACL rupture. The most common of these is 
microfracture of the posterior and lateral margin 
of the tibial plateau (Fig. 9). Indeed if this typical 
pattern of microfracture is identified, the patient 
should be regarded as having a torn anterior cru-
ciate ligament until this can be firmly proven oth-
erwise. It should be remembered that 
microfracture is more usually encountered in the 
acute phase following injury, although the find-
ing can persist for many months. Posterolateral 
tibial microfracture may be associated with lat-
eral femoral condylar microfracture in a propor-
tion of patients. In a series reported by Kaplan 

a b

Fig. 7 Chronic ACL rupture. (a, b) Sagittal fat-suppressed proton density MR images. (a) The torn ACL has a horizon-
tal configuration along the floor of the joint (arrow). (b) The ACL is coiled (arrow)

Fig. 8 ACL rupture. Coronal fat-suppressed proton den-
sity MR image. There is a bare area at the femoral origin 
of the ACL (arrows) compared with Fig. 3
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et  al. (1992) occult fractures were isolated in 
43% of ACL ruptures and were present in combi-
nation with the lateral femoral condyle micro-
fracture in 46%. Less common patterns were 
fractures in the posterior aspect of the medial 
tibial plateau in 7% and fractures involving all 
three areas in 2% (Kaplan et al. 1992). In a study 
of 32 patients, Murphy et al. found this pattern of 
posterolateral microfracture in 94% and an asso-
ciated ‘kissing’ femoral lesion in 91% (Murphy 
et al. 1992). The combined pattern relates to the 
‘pivot shift’ mechanism of injury. The femoral 
compression fracture is easily seen in water- 
sensitive MR images (Fig.  10). There is also a 
plain radiographic correlate to this injury; deep-
ening of the femoral notch by more than 1.5 mm 
on a lateral plain film is strongly associated with 
ACL rupture (Cobby et al. 1992).

Less common are bony injuries to the pos-
teromedial tibia (Chan et al. 1999) with avulsion 
of the central slip of semimembranosus from the 
infraglenoid tubercle. Whether this is a true 
avulsion due to external rotation (Yao and Lee 
1989) or impaction as a result of anterior sublux-
ation of the medial tibia during varus and exter-
nal rotation (Vanek 1994) is debated. The latter 
has been shown to occur experimentally, but the 
telltale impaction injury that might be expected 
in the medial femoral condyle is not always 
present.

The Segond fracture (Fig. 11) is an avulsion 
fracture of the anterolateral margin of the proxi-
mal tibial plateau, originally described by a 
French surgeon Paul Ferdinand Segond (1879). 
This is a tiny avulsion flake vertically orientated 
on the anterolateral aspect of the tibia at the site 
of attachment of the anterolateral ligament. The 
Segond fracture results from internal rotation and 
varus stress on the ligament resulting in avulsion. 
Although uncommon, there is a very high asso-
ciation with ACL rupture.

Fig. 9 Secondary bone bruise associated with ACL rup-
ture. Coronal fat-suppressed proton density MR image. 
Typical location of tibial microfracture posterolaterally 
(arrow). There is also a feature of varus compression 
injury with medial microfracture (arrowhead)

Fig. 10 Secondary bone bruise associated with ACL rup-
ture. Sagittal fat-suppressed proton density MR image. 
Lateral condylar and tibial microfractures (arrows)
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Secondary Signs: Soft Tissue
In the acute phase of injury, haemorrhage and 
oedema result in non-visualisation of the liga-
ment, the typical primary sign. In more chronic 
injuries, the torn ligament reappears as the acute 
haemorrhage and oedema settle. In many cases it 
lies in a clearly abnormal position along the floor 
of the joint; in others it can reattach to the femur 
or PCL and simulate a normal ligament. In these 
cases, evaluation of the ACL or Blumensaat’s 
angle can help diagnose a tear.

ACL Angle The ACL angle is the angle formed 
by the intersection of the anterior aspect of the 
distal portion of the ACL and the most anterior 
aspect of the intercondylar eminence on a mid-
sagittal MRI image. The normal angle lies 
between 53° and 56° (Gentili et al. 1994; Murao 
et al. 1998; Mellado et al. 2004). An angle of less 
than 45° is regarded as abnormal and indicative 
of a torn ACL. Sensitivity and specificity increase 
with decreasing angle, reaching 100% at angles 
less than 25° (Mellado et al. 2004).

Blumensaat’s Angle The Blumensaat’s angle is 
formed by the anterior aspect of the distal por-
tion of the ACL and the intercondylar roof. By 
convention angles with proximal vortices are 
considered negative and those with distal vorti-
ces positive. As the ACL usually parallels 
Blumensaat’s line, the angle is normally zero or 
up to 8° negative (Gentili et al. 1994; Lee et al. 
1999; Mellado et  al. 2004). An angle over 21° 
positive is strongly associated with ACL 
rupture.

Secondary Signs: Anterior Tibial Translation
An intact anterior cruciate ligament prevents 
forward displacement of the tibia with respect to 
the femur. When disrupted, tibial translation is 
free to occur, though it is not seen in all patients. 
It is less likely to occur in sporting injuries, 
where there is good muscle tone and particularly 
when the posterior portions of the menisci 
remain intact. In these cases, the meniscus abuts 
the posterior aspect of the femoral condyle and 
prevents anterior translation. When the tibia 
translates anteriorly the configuration of other 
structures changes, and it is these changes that 
are used as secondary signs. Signs of anterior 
tibial translation include the PCL line sign, PCL 
angle sign, PCL curvature ratio, femoral line 
sign, straight FCL sign and lateral condylar 
tangent.

The PCL Line Sign On sagittal images, the 
posterior cruciate ligament assumes a sigmoid 
appearance caused by forward movement of its 
tibial insertion with respect to the femoral origin. 
This is readily apparent on visual inspection, but 
several measures of this PCL laxity have been 
described. A line drawn connecting two points 
outlining a linear region in the distal portion of 
the PCL when traced proximally should intersect 
the medullary cavity within 5  cm of its distal 
aspect (Schweitzer et al. 1992). The linear area is 
defined by 2 points, the more distal within 
3–4 mm of the PCL insertion. The sign is positive 
when the proximally extended line does not inter-
sect the medullary cavity of the femur (Fig. 12). 
The reason for this becomes obvious when the 
line is drawn along the buckled PCL.

Fig. 11 Segond fracture. Plain radiograph demonstrating 
a vertically oriented avulsion flake fracture at the lateral 
proximal tibia (arrow)
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The PCL Angle Sign As the PCL buckles during 
anterior tibial translation, the angle between the 
proximal and distal portion becomes more acute. 
Under normal circumstances the angle is greater 
than 115° and usually greater than 125°. This angle 
becomes more acute when the tibia has translated 
anteriorly (Fig. 13). Maximum angles between 96° 

and 111° have been described in ACL rupture. The 
variation in these findings probably reflects the 
variation in anterior tibial translation that will be 
present in the study populations (Gentili et  al. 
1994; Mccauley et al. 1994; Lee et al. 1999).

Lateral Condyle Tangent A further useful 
method of assessing for anterior tibial translation 
is to measure it directly. A tangent is drawn at the 
most posterior cortical margin of the lateral fem-
oral condyle to form the baseline from which the 
tibial position will be measured (Chan et  al. 
1994). The section midway between the cortex 
adjacent to the posterior cruciate ligament and 
the most lateral section containing the femoral 
condyle is used. Under normal circumstances the 
posterior margin of the tibial plateau passes 
within 5 mm of this line (Fig. 14). A distance of 
greater than 5 mm separating the posterior mar-
gin of the tibial plateau from this line indicates 
anterior tibial translation.

Posterior Femoral Line The sign is positive when 
a line drawn at 45° from the posterosuperior corner 
of the Blumensaat’s line fails to intersect the flat 
portion of the proximal tibial surface or within 
5 mm of its posterior margin (Robertson et al. 1994).

Straight LCL The lateral collateral ligament 
runs posteroinferiorly in an oblique coronal plane 
from its origin on the lateral femoral condyle to 
the head of the fibula. On orthogonal coronal 
slices, the course of the ligament has to be traced 
to a series of adjacent slices, reflecting its oblique 
course. As the tibia translates anteriorly, the liga-
ment is brought into a true coronal plane and can 
therefore be visualised on a single coronal slice.

PCL Curvature The bowstringing that occurs as 
the PCL buckles has also been quantified by 
(Siwinski and Ziemianski 1998; and Tung et al. 
1993). The longest perpendicular is dropped 
from the PCL to a line drawn from the origin to 

Fig. 12 Anterior tibial translation as secondary sign of 
ACL rupture. Sagittal fat-suppressed proton density MR 
image. A line drawn along the posterior margin of the 
PCL does not intersect the femoral medulla within 5 cm

Fig. 13 Anterior tibial translation as a secondary sign of 
ACL rupture. Sagittal proton density MR image in a 
patient with a ruptured ACL graft. The angle between the 
proximal and distal limbs of the PCL becomes more acute 
when there is tibial translation
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insertion (the string of the bow). The ratio of the 
perpendicular to the ‘string’ is calculated. The 
more the PCL is buckled, the larger this ratio 
becomes, and values over 0.39 have a high speci-
ficity for ACL rupture.

Other signs that have been described include 
the posterior synovial bulge sign irregular ante-
rior margin of the ACL, rupture of the iliotibial 
band, severe buckling of the patellar tendon, 
shearing injury of Hoffa’s fat pad and posterior 
displacement of lateral meniscus (Lee et al. 1988; 
Weber et al. 1991; Remer et al. 1992; Schweitzer 
et al. 1993; Robertson et al. 1994).

2.1.3.3 Partial ACL Rupture
In the majority of cases the presence of an intact 
anteromedial bundle confirms an intact anterior 
cruciate ligament and its absence is a reliable 

sign of rupture. The diagnosis of partial anterior 
cruciate ligament rupture can be more problem-
atic. The reported signs are neither as sensitive 
nor as specific as those indicating complete rup-
ture. Focal areas of loss of signal and poor fibre 
definition, other than close to the insertion, kinks, 
buckles or loss of parallelism between the 
 ligament and the intercondylar roof, should all be 
regarded with suspicion (Fig. 15).

In a study of 13 patients with arthroscopically 
proven partial ACL tear and using criteria which 
included abnormal intrasubstance signal, bowing 
of the ACL, or non-visualisation of the ACL on 
one MR imaging sequence with visualisation of 
intact fibres on other, in the absence of findings 
of complete ACL tear, the sensitivity of MR 
ranged from 0.40 to 0.75, and the specificity 
ranged from 0.62 to 0.89 (Umans et  al. 1995). 
Lawrance et al. (1996) in a retrospective review 
proposed four features which helped to differen-
tiate partial ACL tears from either complete ACL 
tears or normal ligaments. These were the appear-
ance of some intact fibres, thinning of the liga-
ment, a wavy or curved ligament and the presence 
of an inhomogeneous mass posterolateral to the 
ACL (Lawrance et al. 1996). These have not been 
tested prospectively. Partial tears involving only 
the posterolateral bundle may be identified as 
loss of signal at the more inferior femoral 
 attachment with preservation of the straight ante-
rior margin of the ACL, representing the antero-
medial bundle, in the sagittal plane (Fig. 16).

In the presence of such findings, it is impor-
tant to seek the secondary signs, both those of 
bony injury and anterior tibial translation. If sec-
ondary signs are present they are likely to indi-
cate a high-grade tear. In the absence of secondary 
signs the diagnosis is more circumspect. Clinical 
correlation, particularly the presence of an ante-
rior draw sign, can be helpful in identifying a 
significant ACL injury. Many clinicians regard a 
partial anterior cruciate ligament with less clini-
cal concern if the knee is stable clinically. It is 
therefore more helpful for the radiologist to 
attempt to differentiate stable from unstable 
tears, rather than partial from normal/complete 
tears. Signs of anterior tibial translation as out-
lined above are likely to be indicators of an 

Fig. 14 Anterior tibial translation as a secondary sign of 
ACL rupture. Sagittal fat-suppressed proton density MR 
image. A line drawn tangential to the lateral femoral con-
dyle passes more than 5  mm from the posterior tibial 
margin
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unstable tear. Roychowdhury et al. (1997) used 
axial images to try to differentiate stable from 
unstable knees. Stable ACLs were described as 
elliptical, attenuated or showing areas of 
increased intrasubstance signal intensity. 
Unstable ligaments showed an isolated ACL bun-
dle, non- visualisation of the ligament or a cloud-
like mass in place of the ACL.  The latter are 
more typical of primary signs. Despite these dif-
ficulties, a combination of clinical and MRI find-
ings is usually sufficient to allow the correct 
choice of management.

2.1.4  Associated Injuries
Rupture of the anterior cruciate ligament is com-
monly associated with injuries to other structures 
of the knee. The associated bony contusions have 
been outlined above, and the pattern and preva-
lence of associated soft-tissue injuries vary, 
dependent on the nature of the injury (e.g. type of 
sport) and the age of the patient. Particular care 
should be taken to exclude an associated menis-
cal tear, which will be present in up to 70% of 
cases. Overall lateral meniscal tears are more 
common; Duncan et  al. (1995) found a signifi-

a b

Fig. 15 (a, b) ACL partial tear. (a) Coronal and (b) sagittal proton density MR images without and with fat saturation. 
The ligament fibres are poorly defined (arrows), but continuous

a b c

Fig. 16 (a) Coronal, (b) axial and (c) sagittal proton density MR images (a without fat saturation) show a tear of the 
posterolateral bundle (arrow) with an intact anteromedial bundle (arrowhead)
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cantly greater preponderance of lateral meniscal 
tears in patients undergoing ACL reconstruction 
following alpine skiing injuries, where the lateral 
meniscus was affected in 83% of cases. 
Conversely, in children Prince et al. (2005) found 
meniscal tears occurring in 37% of patients with 
ACL rupture, two-thirds of which were medial. 
Meniscal tear patterns that are typically associ-
ated with ACL rupture include a vertical tear of 
the meniscal periphery (ramp lesion) and a radial 
tear involving the posterior portion or meniscal 
attachment (posterior root tear). Particular atten-
tion should therefore be paid to the posterior 
thirds of the menisci, especially the lateral (De 
Smet and Graf 1994).

From the nature of the injury anterior cruciate 
ligament ruptures also are associated with valgus 
sprain; hence tears of the medial collateral liga-
ment are not infrequently associated. The combi-
nation of anterior cruciate ligament rupture, 
medial meniscal tear and medial collateral liga-
ment injury is sometimes referred to as the 
‘O’Donoghue’ or ‘Sorry’ triad. A tetrad has also 
been described, with the additional finding of tra-
becular microfracture. Although well known 
among radiologists, the triad is relatively uncom-
mon. Shelbourne divided patients with ACL rup-
ture and MCL tear according to the grade of 
MCL injury. Patients with grade 2 MCL injury 
had more medial meniscus tears than grade 3 or 
completely rupture MCL. Lateral meniscal tears 
were more common in both groups, and in the 
grade 2 MCL group, medial meniscal injuries 
were always associated with lateral meniscal 
injury (Shelbourne and Nitz 1991). The MCL 
was injured in 22% in Prince’s paediatric study 
group (Prince et al. 2005).

Injuries to the posterolateral corner are well 
recognised in anterior cruciate ligament injury 
though there is disagreement on both their inci-
dence and importance. It has been suggested that 
failure to identify a lax posterolateral corner is 
the commonest cause of anterior cruciate liga-
ment graft failure, though studies to support this 
are lacking. Others argue that only patients who 
re-present with graft failure undergo detailed 
assessment of their posterolateral corner and the 
prevalence of posterolateral deficient knees in 

successful ACL-reconstructed patients remains 
unknown.

When the radiologist encounters an anterior 
cruciate ligament rupture, a careful checklist to 
look for a vertical tear, particularly of the medial 
meniscus, a radial tear, particularly of the poste-
rior portion of the lateral meniscus and the pos-
terolateral corner, should be undertaken.

2.1.5  Ganglion Cyst of the Cruciate 
Ligament

The ability of MRI to depict the internal anatomy 
of the knee with great detail has led to increased 
recognition of intra-articular ganglionic cysts 
(Vanhoenacker et  al. 2003; McCarthy and 
McNally 2004). These are most commonly asso-
ciated with Hoffa’s fat pad, where they may arise 
from the intermeniscal ligament. Ganglion cysts 
are also recognised as arising from the cruciate 
ligaments. Bui-Mansfield identified cruciate gan-
glia in 1.3% of a retrospective review of over 
1700 knee MRI (Bui Mansfield and Youngberg 
1997). The majority were not associated with any 
other internal derangement. Pain was described 
as the most common complaint, worse on activity 
and sport, but medial joint line tenderness was 
also described. One-quarter gave a history of 
trauma. Only 5 (20%) of the patients in this group 
underwent arthroscopic debridement, and 4 had 
improved symptoms. On this basis, it is difficult 
to apply a pattern of symptoms to ACL ganglia or 
to comment on aetiology, though improved 
symptoms have been described in other studies 
following arthroscopic or CT aspiration (Nokes 
et al. 1994) (Box 1).

Box 1: Plain Radiography/CT
• Plain radiographs have little role in most 

sporting injuries.
• They are indicated if there has been a 

significant impact injury.
• Occasionally positive findings can be 

demonstrated in anterior cruciate liga-
ment disruption, with depression of the 
lateral femoral notch, tibial translation 
and the Segond fracture.
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ACL ganglia typically have two patterns. One 
is where the ganglion is interspaced between the 
fibres of the ACL, distending its sheath with pos-
terior bulging. The fibres of the ACL are easily 
seen within the sheath, though their course may 
be deviated by the mucinous material. This is 
also known as myxoid degeneration (Fig.  17). 

The second pattern is more cyst-like, where the 
ganglion extends from the ACL sheath, most 
commonly near its femoral attachment.

2.2  Posterior Cruciate Ligament

2.2.1  Anatomy
The function of the anterior cruciate ligament is 
balanced by its counterpart, the posterior cruciate 
ligament (PCL). The PCL courses from the lat-
eral aspect of the medial femoral condyle to its 
insertion in a depression in the posterior aspect of 
the intra-articular tibia, approximately 1  cm 
below the articular surface. The PCL is between 
32 and 38 mm in length from origin to insertion 
and thicker (mean 31 mm2) and stronger than the 
ACL.  Its main function is to prevent posterior 
translation of the tibia. Like the ACL, the PCL is 
made up of spirally arranged collagen fibre bun-
dles. Functionally there are two fibre bundles, an 
anterolateral (AL) and posteromedial (PM) bun-
dle, named for the anatomical location of the 
femoral insertion to the tibial insertion (Girgis 
et al. 1975; Vanhoenacker et al. 2001; Wind et al. 
2004). Like the ACL, the two main bundles are 
taut at different stages in the flexion/extension 
cycle. The AL bundle tightens in knee flexion and 
loosens in knee extension. The PM bundle tight-
ens in knee extension and is lax in knee flexion 
(Girgis et al. 1975). The PCL is also intracapsular 
but extrasynovial. It appears darker and more 
uniform than the ACL due to the presence of a 
tighter stronger investing sheath (Fig.  18). The 
anterolateral and posteromedial bundles are less 
well separated and more difficult to make out on 
routine MR sequences. It takes considerably 
more force to rupture the posterior cruciate liga-
ments than it does the anterior. It has a more 
abundant blood supply than ACL.

2.2.2  Imaging
Once again sagittal images are the mainstay for 
diagnosis. Spin echo provides the most homoge-
nous depiction. T2-weighted or proton density 
images, preferably with fat saturation, are the 
best. Internal signal changes on T1-weighted 
images only are non-specific and may not indicate 

Fig. 17 ACL myxoid degeneration. Sagittal fat- 
suppressed proton density MR image. The fibres of the 
ACL are distended and separated by mucoid material 
(arrow)

• The arcuate fracture is an avulsion of a 
portion of the fibular head and indicates 
significant PLC injury.

• Lipohaemarthrosis implies a fracture in 
most cases; however occasionally sig-
nificant synovial disruption can cause 
this finding.

• CT is generally required to categorise 
fractures of the tibia plateau.

• CT angiography is required in bicruci-
ate injuries and where three or more 
ligaments are disrupted. Care should be 
taken to exclude subtle intimal injuries.
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a tear (Grover et al. 1990). Some variation in sig-
nal can be encountered in the proximal third 
especially on gradient echo sequences. A variety 
of explanations have been offered for this appear-
ance; most likely it represents a form of magic 
angle phenomenon. A number of apparent focal 
thickenings may be identified in the region of the 
middle third of the ligament. This is usually due 
to section through prominent meniscofemoral 
ligaments which will be discussed later in this 
section.

2.2.3  Posterior Cruciate Ligament 
Injury

The force required to disrupt the PCL is larger 
than the ACL; consequently knee injuries result-
ing in PCL tears are most often in combination 
with other ligamentous injuries. The incidence of 
these combined injuries varies between 80% and 
95% of PCL injuries, which themselves vary 
from 1% to 44% of all acute knee injuries 
(Shelbourne et al. 1999). 37% of all patients with 
knee haemarthrosis have an associated PCL 
injury (Fanelli 1993). Injuries occur more fre-
quently in contact sports and those involving 
high-contact forces. Not all are symptomatic; 
Parolie found a 2% incidence of PCL injury 
among asymptomatic college football players at 
the NFL predraft examinations (Parolie and 

Bergfeld 1986). The mechanism of PCL injury in 
the athlete is most commonly a fall on the flexed 
knee with a plantar flexed foot and hyperflexion 
of the knee (Wind et al. 2004). Dashboard inju-
ries account for another high proportion of PCL 
injuries, where the flexed knee is impacted and 
the tibia forced posteriorly. When this force is 
combined with a varus or rotational component, 
the lateral or posterolateral structures may also 
be injured. Hyperextension injuries also occur; 
these are associated with a higher incidence of 
avulsion injuries.

MRI plays an important role in the assessment 
of PCL injuries. This is because not all are appar-
ent on clinical examination; even under general 
anaesthesia (Grover et  al. 1990) and at arthros-
copy the PCL can be difficult to identify in the 
presence of an intact ACL (Grover et al. 1990) or 
meniscofemoral ligament. Furthermore, 
untreated lesions may predispose to early-onset 
osteoarthritis (Cross and Powell 1984) and exten-
sor mechanism failure.

Signs of a complete PCL tear include non- 
visualisation of the ligament with or without a 
haemorrhagic or oedematous mass (Fig.  19). 
Discrete tears are identified more commonly than 
with ACL rupture. This is thought to be due to the 
tighter synovial sheath within which the ligament 

Fig. 18 Normal PCL. Sagittal fat-suppressed proton den-
sity MR image. Note the slight heterogeneity at the femo-
ral insertion which may relate to magic angle (arrow)

Fig. 19 Gross disruption of the PCL (arrow) following 
anterior impact injury on a sagittal proton density image
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is invested. Tears are most commonly intrasu-
bstance (Grover et  al. 1990; Sonin et  al. 1994; 
Mair et al. 2004). The incidence of distal versus 
proximal injuries is more variably reported. In 
Sonins group of 71 patients, 27% were proximal 
and only 3% distal. In contrast, Grover found dis-
tal avulsions three times more common than 
proximal, though the number of patients was 
much smaller in this study group (Grover et al. 
1990). In a more recent study of 35 high-grade 
PCL tears, MAIR also found tibial avulsions to 
be more common than femoral (Mair et al. 2004). 
These may involve osseous avulsion (Fig.  20). 
The criteria for partial tear are less well defined; 
Sonin suggests the presence of abnormal signal 
intensity within the substance of the PCL or a 
combination of intact and disrupted fibres as 
signs of a partial tear (Sonin et al. 1995).

PCL injuries are isolated in about a quarter of 
cases (Sonin et al. 1994) with associated menis-
cal tears in 25–50%, medial slightly more than 
lateral and ligamentous injuries in 40%, most 
commonly ACL in a quarter and MCL in a fifth. 
Posterolateral corner injuries are present in 
approximately half of PCL injuries, but two- 

thirds of these will be minor with oedema around 
the capsule, no discernible structural abnormality 
and a stable knee to examination (Mair et  al. 
2004).

The incidence of bony injury has also been 
variously reported, with more recent studies 
identifying a higher incidence, possibly reflect-
ing improved detection. Sonin identified micro-
fracture in 35% (Sonin et al. 1994), whereas the 
incidence in MAIRS group was 83% (Mair et al. 
2004). Of these 29 patients with microfracture, 
16 were in the lateral tibial plateau, 10 lateral 
femoral condyle, 14 medial tibial plateau, 5 
medial femoral condyle and 4 patella. Patients 
with medial bone bruises were more likely to 
have posterolateral ligamentous injuries and 
patients with lateral bone bruises were more 
likely to have MCL injuries.

2.3  Minor Intracapsular 
Ligaments

There is a large number of minor ligaments that 
lie within the joint. Although the function of 

a b

Fig. 20 (a, b) PCL avulsion fracture. (a) Sagittal proton density fat saturation MR image and (b) CT volume-rendered 
image. The PCL has avulsed a fragment from the tibial attachment (arrows)
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these ligaments is incompletely understood, from 
a radiological perspective disruption rarely 
imparts clinically significant instability. Their 
impact on imaging therefore is mainly that they 
mimic other pathology when enlarged or promi-
nent and can thus lead to difficulties in 
interpretation.

2.3.1  Intermeniscal Ligaments
There are three intermeniscal ligaments, anterior, 
posterior and oblique. The anterior ligament runs 
between the two anterior meniscal horns. Also 
called the transverse geniculate ligament or ante-
rior transverse ligament, it is 33 mm long and its 
average midsubstance width is 3.3 mm (Nelson 
and LaPrade 2000) (Fig.  21). Whilst the 

attachments were most commonly to the sub-
stance of the menisci themselves, some variation 
is seen and in some cases the ligament attaches to 
the capsule anterior to the meniscus (Nelson and 
LaPrade 2000). On MRI, a cord-like structure 
representing the anterior intermeniscal ligament 
can be identified in most studies. The ligament is 
generally round or oval shaped and can be quite 
prominent. The ligament attaches to the anterior 
portion of the menisci some distance external to 
the tip of the horn (Fig. 22). As a consequence, a 
small slither of fluid can gather between the liga-
ment and the meniscus. When the ligament is 
prominent this can mimic a meniscal tear. The 
anterior intermeniscal ligament runs at the 
 posterior tip of Hoffa’s fat pad, either through the 
fat or just below it. Hoffa’s ganglia, which are 
multiloculated fluid-filled structures, are most 
commonly found in this location; indeed the gan-
glia may arise from degenerative or possibly 
post- traumatic changes to the anterior inter-
meniscal ligament.

There is also a posterior intermeniscal liga-
ment although this is less prominent than the 
anterior and is less commonly visualised in its 
entirety. A further ligament runs in the transverse 
plane from the anterior horn of the medial menis-
cus to the posterior horn of the lateral meniscus 
(Fig. 23) or vice versa. This is called the medial 
or lateral oblique intermeniscal ligament depend-
ing on the anterior meniscal origin and has a 
prevalence of 2–4% (Tyler et al. 2010). It sepa-
rates the posterior cruciate ligament from the 
anterior cruciate ligament. When it is prominent 
it can give the impression of additional tissue 
lying within the notch (Sanders et  al. 1999). It 
therefore lies in a differential diagnosis which 
includes rupture of the anterior cruciate ligament 
with the torn ligament lying along the floor of the 
notch, a displaced meniscal fragment or an osteo-
chondral loose body. Usually these can easily be 
differentiated. The intact anterior cruciate liga-
ment should be readily apparent, no microfrac-
ture or fluid-blood levels are apparent to suggest 
an osteochondral fragment and the location of the 

Fig. 21 The anterior intermeniscal ligament. Sagittal 
proton density MR image. The ligament is darker and 
more rounded (arrow) than the adjacent anterior horn of 
the lateral meniscus. It can be followed on serial sagittal 
images
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structure between the two cruciates should 
provide useful clues. Once the diagnosis is 
considered, the structure can be traced on the 
workstation on sequential images between the 
two meniscal horns.

2.3.2  The Meniscofemoral Ligament
Close to the attachment of the posterior inter-
meniscal ligament to the lateral meniscus is a fur-
ther ligament which runs superiorly and obliquely 
to the lateral aspect of the medial femoral con-
dyle. The meniscofemoral ligament (MFL) is a 
prominent intra-articular structure. It has two 
components, either one of which can be domi-
nant. One component runs posterior to the poste-
rior cruciate ligament when it is given the name 
‘ligament of Wrisberg’. A second component 
runs anterior to the PCL whence it is called the 
‘ligament of Humphrey’ (Vanhoenacker et  al. 
2001). There is considerable variation in the size 
of the MFL. Care must be taken not to mistake an 

often separated bunch of PCL fibres, which has 
been termed the oblique PCL (Fig. 24), from the 
MFL (Gupte et  al. 2002). They are believed to 
play a role in protecting the lateral meniscus 
from femorotibial compression by pulling it for-
ward when the knee is flexed (Heller and 
Langman 1964).

One or other of the MFL will be visualised on 
over 80% of MR examinations (Lee et al. 2000; 
Grover et al. 1990). Like the intermeniscal liga-
ments, the principal impact of the MFL is to 
mimic a tear of the posterior horn of the lateral 
meniscus. Fluid can gather between a prominent 
MFL and the meniscus simulating a tear (Fig. 25). 
This is more obvious when the MFL is enlarged. 
In these cases, it should be appreciated that the 
posterior horn of the lateral meniscus is approxi-
mately the same size as the anterior horn. The 
normal meniscofemoral ligament inserts onto the 
posterior horn of the lateral meniscus 14 mm lat-
eral to the lateral margin of the PCL or less than 

Fig. 22 The anterior 
intermeniscal ligament. 
Axial fat-suppressed 
proton density MR 
image. The ligament 
attaches external to the 
tips of the anterior horns 
(arrows)
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four sagittal slices (3 mm thickness and 0.5 mm 
gap). If the vertical cleft between ligament and 
meniscus persists for four or more slices then a 
peripheral meniscal tear known as a Wrisberg rip 
should be considered (Fig. 25). These are thought 
to occur in association with ACL tears because 

of traction of the ligament on the meniscus (Park 
et al. 2007). As for the intermeniscal ligaments, 
tracing the ligament medially to its insertion also 
confirms its true nature. Comment on the MFL is 
important in patients with posterior root tears as 
they may help to stabilise the meniscus.

a

c

b

Fig. 23 (a–c) A prominent oblique intermeniscal liga-
ment. (a) Sagittal, (b) coronal and (c) axial fat-suppressed 
proton density MR images. The ligament (arrow) can 

mimic a torn ACL, displaced meniscal fragment or an 
osteochondral loose body lying in the notch

E. McNally and G. Thompson



467

2.3.3  Miscellaneous Intra-articular 
Minor Ligaments

A number of other rarer variants of meniscofem-
oral attachments have been described. The 
infrapatellar plica or ligamentum mucosum runs 

an arcuate course from its posterior femoral 
attachment just anterior to the ACL, anteriorly 
and inferiorly to the tip of Hoffa’s fat pad, before 
turning superiorly to approach the lower pole of 
the patella (Fig. 26). When prominent, this liga-
ment has been reported to be misinterpreted as 

Fig. 24 The false MFL 
or oblique PCL. Coronal 
fat-suppressed proton 
density MR image. This 
ligamentous structure 
(arrow) does not arise 
from the lateral 
meniscus and in fact is a 
bundle of PCL fibres 
rather than another 
intra-articular ligament. 
The meniscofemoral 
ligament (arrowhead) is 
also shown

a b

Fig. 25 (a, b) Pseudotear of the meniscus due to MFL. 
(a) Sagittal gradient-echo MR image. MFL (arrow) 
attachment to the posterior third of lateral meniscus simu-

lating a tear. (b) Sagittal proton density fat-saturated 
image. Cleft persists too far laterally (arrow) indicating a 
Wrisberg rip. Note the popliteus tendon (arrowhead)
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the ACL resulting in a false-negative diagnosis 
for ACL rupture. Anderson identified the 
rare anteromedial meniscofemoral ligament 
(Anderson et al. 2004) whose course matches the 
posterior portion of infrapatellar plica except for 
its insertion on the anterior horn of the medial 
meniscus or inter meniscal ligament, rather than 
Hoffa’s fat pad (Fig. 27). A normal infrapatellar 
plica was found to coexist with the anteromedial 
meniscofemoral ligament in all cases and the 
attachment of the latter into the medial meniscus 
was clearly shown to be separate from the 
infrapatellar plica. An anterior meniscofemoral 
ligament running from the lateral meniscus to the 
condylar notch has also been described (Wan and 
Felle 1995).

3  Extra-articular Ligaments 
and Tendons

The stability of the knee joint to valgus or varus 
strain is preserved by the presence of strong liga-
ments on the medial and lateral aspect of the 

joint. They also act as secondary stabilisers to the 
cruciates, preventing anterior and posterior trans-
lation during the early phase of flexion (Rosas 
2016).

3.1  The Lateral Stabilisers

On the lateral side ligamentous stability is main-
tained by two separate components: anteriorly, 
the iliotibial band and posteriorly, the fibular col-
lateral ligament/biceps/popliteus complex.

3.1.1  The Iliotibial Band
The iliotibial band or tract (ITB) is a condensa-
tion of fibrous tissue which extends from the 
tensor fascia lata at the hip along the entire 
length of the lateral aspect of the thigh to insert 
on Gerdy’s tubercle on the anterolateral aspect 
of the tibia.

The principal bundle passes close to the lateral 
femoral condyle, separated from it by a little con-
nective tissue, fat and two layers of synovium lin-
ing the knee joint. In this position, it can impinge 

Fig. 26 Ligamentum 
mucosum. Sagittal 
proton density MR 
image showing the 
ligament extending to 
the apex of Hoffa’s fat 
pad
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against the lateral femoral condyle resulting in 
iliotibial tract friction syndrome which is also 
referred to as ‘runner’s knee’. Although classi-
cally associated with runners, step aerobics and 
cycling are other reported sporting associations 
(Holmes et al. 1993). Clinically this presents as 
an area of tenderness overlying the tract 2–3 cm 
above the knee joint. Radiologically it is best 
appreciated on coronal fat-suppressed images. 
The usual MRI finding is hyperintensity and 
thickening of the vascularised fat pad between the 
ITB and the condyle (Flato et al. 2017) (Fig. 28). 
Thickening of the ITB itself is less common. Care 
should be taken in ensuring that high signal 

changes are differentiated from normal joint fluid 
or knee effusion. Treatment by corticosteroid 
injection has been reported to be effective (Gunter 
et al. 2004) and modification of training or adjust-
ment to cycling equipment. Rupture of the ilio-
tibial band can occur but is uncommon. These are 
most commonly seen at the level of the knee joint 
rather than where friction syndrome occurs. 
Occasionally the ligament may be avulsed with a 
fragment of Gerdy’s tubercle, usually associated 
with injury to the cruciates (Fig. 29). Insertional 
tendinosis is uncommon, but manifests as focal 
tenderness at the attachment with characteristic 
ultrasound findings (Fig. 30) (Box 2).

a

c

b

Fig. 27 Anteromedial meniscofemoral ligament. (a–c) Serial sagittal fat-saturated proton density MR images demon-
strating the meniscofemoral ligament extending from the anterior horn of the medial meniscus (a) to the ACL (c)

Knee: Ligaments and Tendons



470

a b

Fig. 28 (a, b) Iliotibial band friction syndrome (runner’s knee). (a) Coronal and (b) axial fat-suppressed proton density 
MR images. Increased signal within the fat pad (arrow) deep to the ITB (arrowhead)

a b

Fig. 29 (a, b) Iliotibial band avulsion. (a) X-ray and (b) coronal fat-suppressed proton density MR image demonstrat-
ing avulsion of the ITB with a fragment of bone (arrow)
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3.1.2  Posterolateral Corner
The posterolateral corner is supported by the 
biceps femoris tendon, the fibular collateral liga-
ment and the popliteus complex as well as a num-
ber of other smaller ligamentous structures which 
are condensations of the posterolateral capsule 
(LaPrade et al. 2000). The main one to consider is 
the popliteofibular ligament.

The biceps femoris tendon arises from the 
ischial tuberosity and descends in the posterolat-
eral compartment to insert on the fibular head. 
The tendon of the long head of the biceps femoris 
attaches to the anterior and posterolateral aspects 
of the fibular head (Fig. 31), and the short head to 
the more anteromedial aspect of the fibular head, 
with a component attaching along the superolat-
eral edge of the lateral tibia (Vinson et al. 2008).

The fibular collateral ligament averages 67 mm 
in length and 3.4 mm in thickness (Fig. 32). Its 
femoral attachment is 3 mm posterior to the ridge 
of the lateral femoral epicondyle (Meister et  al. 
2000), above and a little anterior to the popliteus 
tendon. It inserts on a V-shaped bony depression 
that extends to the distal  one- third of the lateral 
aspect of the fibular head, anterior and distal to the 
styloid, with some fibres extending along the per-
oneus longus fascia (LaPrade et  al. 2003). The 
insertion can be either on its own or as a conjoint 
tendon with the biceps tendon. If they are sepa-
rated, the insertion of the fibular collateral liga-
ment is more anterior and medial than biceps 
femoris. The distal FCL is partially enveloped by 
the distal biceps tendon and there is an inverted 
J-shaped bursa between them which is not visual-
ised when normal (McCarthy 2004).

The popliteus complex includes the muscular 
origin from the tibia, a fibular origin referred to 
as the popliteofibular ligament, the tendinous 

Fig. 30 Sagittal US image showing neovascularity sec-
ondary to tendinosis in the ITB insertion

Fig. 31 3D VR CT image with colour-coded fibular and 
tibial insertions for the LCL/BF complex. Short-head 
biceps: anterior arm. Short-head biceps: direct arm. Long- 
head biceps: anterior arm. Long-head biceps: Direct arm. 
Arcuate ligament. Popliteofibular ligament. Asterisk: 
LCL

Box 2: Ultrasound
• Ultrasound plays a subsidiary role to 

magnetic resonance imaging in many 
knee injuries. If the patient’s symptoms 
are located in the anterior joint, and are 
focal, then ultrasound can reliably assess 
the quadriceps and patellar tendons.

• The collateral ligaments are also easy to 
see using ultrasound; however injuries 
to these structures are frequently associ-
ated with internal derangement and con-
sequently MRI is necessary to 
demonstrate the full spectrum of injury.
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insertion into the popliteus fossa, superior and 
inferior popliteomeniscal ligaments which form 
the popliteal hiatus and soft-tissue attachments to 
the lateral meniscus and posterior tibia (Shahane 
et al. 1999). The complex is important in prevent-
ing external rotation. The popliteus muscle runs 
from its origin on the dorsal aspect of the proxi-
mal tibia to insert into the popliteus fossa on the 
lateral femoral condyle.

The popliteofibular ligament is a frequently 
identified short, strong tendinous band (Fig. 33) 
measuring 47 mm long and 9 mm2 in cross sec-
tion which acts as a sling centred at the musculo-
tendinous junction (LaPrade et  al. 2003). Two 
divisions, anterior and posterior, are described 
which descend from the popliteal tendon between 
the hiatus and MTJ to the medial aspect of the 
fibular styloid (McKean et al. 2015). Its contribu-
tion to posterolateral stability is debated (Shahane 
et al. 1999; Maynard et al. 1996; LaPrade et al. 
2003; Sugita and Amis 2001). The final compo-
nent of the posterolateral corner is the posterior 
capsule with specifically named ligamentous 
condensations. These minor ligaments can be 
divided into the long and short ligaments. The 

long ligament is the fabellofibular ligament if a 
fabella is present and an arcuate ligament if it is 
not. The fabellofibular and arcuate ligaments 
attach to the apex of the fibular styloid. The short 
ligament is the popliteofibular ligament. These 
ligaments are variously identified on MR imag-
ing (De Maeseneer et al. 2001). Coronal oblique 
imaging orientated to the posterior limb of the 
posterior cruciate is said to improve visualisation 
but this still remains less than 50% of cases. Non- 
visualisation therefore is difficult to interpret and 
tears of these specific ligaments are difficult to 
identify on MRI. Coronal images have also been 
advocated for visualising the fabellofibular liga-
ment (Recondo et al. 2000).

Injuries to the posterolateral corner are most 
commonly caused by a combination of rotation 
and varus stress, particularly in the hyperex-
tended knee. They are less common than medial 
collateral ligament injuries but are more dis-
abling. They are associated with up to 20% of 
full-thickness ruptures of the anterior cruciate 
ligament (Temponi et  al. 2017) and a high per-
centage of PCL ruptures when, on occasion, the 
clinical signs of cruciate rupture can mask the 

Fig. 32 Fibular 
collateral ligament. 
Coronal proton density 
MR image showing the 
FCL in one section 
(arrow). This is unusual 
for this oblique ligament 
and should prompt 
evaluation for anterior 
tibial translation
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presence of posterolateral instability. It has been 
said that an overlooked posterolateral corner 
injury is the commonest cause of anterior cruci-
ate ligament graft failure, but not all authors 
agree (Box 3).

3.1.2.1 Fibular Collateral Ligament Injury
Tears of the fibular collateral ligament are most 
commonly midsubstance or fibular avulsions 
though more proximal tears can also occur 
(Fig. 34). They are usually combined with other 
lateral injuries, though isolated injuries have 
been reported (Shahane et al. 1999). Lesions of 
the fibular collateral ligament are divided into 
sprains, partial tears or complete tears. Like the 
iliotibial tract, the external anatomical relation-
ship of the collateral ligaments is fat. 
Consequently, the most subtle change of injury is 
fluid within subcutaneous fat abutting the liga-
ment. Injuries are therefore best appreciated on 
coronal orientated images with fat suppression. 
The presence of oedema surrounding the liga-
ment with an otherwise normal ligament is 
termed a grade 1 injury or sprain. These are 
largely treated conservatively. When the ligament 
itself becomes disorganised with increased intra-
substance signal, but remains continuous from 
origin to insertion, a partial tear or grade 2 injury 
is diagnosed (Fig. 35). Complete interruption of 
the normal low signal constitutes a complete 
rupture and is often associated with loss of axial 
or longitudinal tension. Occasionally fibular 

Box 3: MRI
• Magnetic resonance imaging is indicated 

early in the diagnosis and management 
of athletes with internal derangement of 
the knee.

• In the acutely locked knee, MRI can dis-
tinguish between mechanical and non-
mechanical causes of locking. 
Nonmechanical causes are present in 
between 40% and 50% of patients, and 
are usually due to a significant injury to 
the medial collateral ligament.

• Mechanical causes include bucket han-
dle tears of the menisci, loose bodies 
and impinging anterior cruciate liga-
ment stumps.

a b

Fig. 33 (a, b) Popliteofibular ligament. (a) Axial and (b) 
coronal fat-saturated proton density images. The PFL is 
thick, possibly related to previous injury (arrow in a and 

b). The axial also shows the fabellofibular ligament 
(arrowhead) and the FCL (asterisk) with the biceps tendon 
lateral to it
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Fig. 34 Rupture of the 
FCL (arrow) on coronal 
fat-saturated proton 
density MR image. Note 
the associated tear of 
popliteus tendon 
(arrowhead) and cruciate 
(asterisk)

Fig. 35 Grade 2 injury 
of the FCL (arrow) on a 
coronal fat-suppressed 
proton density MR 
image
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avulsion fractures can occur, often referred to as 
arcuate fractures. The PFL and arcuate ligament 
may avulse the tip of the styloid, with biceps/
FCL avulsions involving a larger or more lateral 
fragment (Fig. 36). A further clue to the presence 
of a lateral ligament injury is microfracture in the 
medial femoral condyle. This occurs during varus 
strain with impaction of the tibial plateau against 
the medial femoral condyle. Complete tear or 
avulsion of the FCL is the most significant pre-
dictor of posterolateral instability in the presence 
of ACL tears (Filli et al. 2018).

3.1.2.2 Biceps Femoris Injuries
Biceps femoris injuries are less common than 
FCL injuries. Most often they are seen as overuse 
tendinopathy with thickening of the tendon just 
proximal to its insertion or bursitis, but when the 
injury is more acute a tendon tear can occur 
(Fig.  37). This is most commonly an avulsion 
fracture. Like avulsion injuries elsewhere, the 

degree of microfracture associated with them is 
less than is normally expected for fracture. The 
posterolateral corner is no exception and avulsion 
of the biceps femoris tendon can be difficult to 
appreciate if not specifically sought. Tracing the 
cortical margin of the fibula is a helpful way of 
assessing this. An interruption due to avulsion of 
a small component of the cortex is a clue to rup-
ture and is termed the arcuate sign (Huang et al. 
2003). Occasionally biceps femoris injuries can 
occur in conjunction with injuries to the ilio- 
tibial tract due to shared fibres (Terry and LaPrade 
1996a, b). Other biceps injuries include sublux-
ation or snapping (Bach and Minihane 2001), 
when the long tendon is displaced over the fibular 
head during knee extension from a flexed posi-
tion. There may be an association with a promi-
nent fibular head or anomalous insertions of the 
tendon. Subluxation may also occur in the 
asymptomatic population (Bach and Minihane 
2001).

a b

Fig. 36 (a, b) Avulsion fracture of FCL insertion. (a) X-ray and (b) coronal proton density MR image showing avulsed 
arcuate fragment (arrows). Arrowheads in (b) indicate the recoiled FCL
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3.1.2.3 Popliteus Complex Injuries
Injuries to the popliteus muscle tendon complex 
also occur during posterolateral corner strain. 
The commonest site is at the musculotendinous 
junction (Fig. 38), but tendon tears or avulsions 
are also reported. An acute haemarthrosis, lateral 
or posterolateral tenderness and pain on resisted 
internal tibial rotation have been described as 
clinical signs (Guha et al. 2003). Anatomically, 
the muscle can be difficult to depict due to the 
oblique course it follows from origin on the pos-
terior margin of the tibia to insertion in the pop-
liteus fossa. Both sagittal and coronal images 
should therefore be perused for increased signal 
particularly at the musculotendinous junction. 
Acute findings include oedema at the musculo-
tendinous junction or avulsion of the tendon 
insertion in the popliteus fossa. The popliteal 
recess is an extra-articular continuation of the 
knee synovium from the hiatus along the tendon 
and muscle. Fluid distension of the joint can dis-
tend the tendon sheath. On occasion, effusion in 
the sheath can rupture into the popliteus muscle 
and the finding should not be confused with 
muscle injury (Jadhav 2014). Loose bodies and 

even meniscal fragments may also displace into 
the bursa. Chronic injuries have been described 
with late-onset muscle atrophy.

Popliteus tenosynovitis has been correlated with 
downhill walking or skiing. Popliteus tendon snap-
ping is a differential diagnosis for iliotibial friction 
and snapping. The tendon subluxes from its groove 
proximal to the lateral meniscus, and may be bilat-
eral (Cooper 1999; McAllister and Parker 1999). 
This area cannot be appreciated at arthroscopy. The 
dynamic capabilities of US offer a distinct advan-
tage over MR in depicting this entity.

3.1.2.4 Capsule and Capsular Ligaments
Tears of the individual small ligaments of the 
posterolateral corner are difficult to appreciate. 
The popliteofibular ligament is best visualised in 
the coronal plane above the fibular head, deep to 
the paired lateral geniculate vessels. On parasag-
ittal images at the level of the popliteal hiatus, 
the arcuate ligament/joint capsule is deep to the 
lateral geniculate vessels and the fabellofibular 
ligament superficial. Popliteofibular ligament 
injuries may be directly observed in the coronal 
plane (Fig.  39). More useful than identifying 

Fig. 37 Biceps tendon 
avulsion. Coronal 
fat-saturated proton 
density MR image. The 
biceps tendon (arrow) is 
avulsed and retracted 
from the lateral portion 
of the fibular head 
(arrowhead)
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Fig. 38 Popliteus tear. 
Axial fat-suppressed 
proton density MR 
image revealing 
disruption of the 
musculotendinous 
junction (arrow). The 
tendon (arrowhead) is 
shown

Fig. 39 Popliteofibular 
ligament injury. Coronal 
fat-saturated proton 
density MR image. The 
PFL is torn (arrow) with 
the fibular attachment 
still intact (arrowhead). 
The popliteus tendon 
(asterisk) is the usual 
proximal attachment of 
the PFL
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these ligaments, in the author’s view, is to deter-
mine whether there is significant capsular liga-
ment disruption by identifying abnormal 
pericapsular fluid with loss of the normal fat 
plane around the geniculate vessels (Fig. 40) or 
frank capsular disruption (Fig. 41), best visual-
ised in the axial plane (Rosas 2016). The pres-
ence of fluid in the posterolateral popliteal fossa 
is an important finding to transmit to the refer-
ring clinician particularly if the patient is to 
undergo arthroscopy for associated internal 
derangement. In the presence of an unsealed cap-
sular leak fluid flowing into the knee during 
arthroscopy can fill the posterior calf and pre-
cipitate compartment syndrome. Avulsion frac-
tures of the fibular head also involve the styloid 
attachment of the PFL and arcuate ligament, but 
small styloid tip avulsion fractures involving 
only the PFL/arcuate ligament are harder to 
appreciate (Fig. 42).

Chronic injuries to these structures are less 
easy to appreciate on both clinical and imaging. 
Popliteomeniscal ligament tears in college wres-
tlers have been described (LaPrade and 
Konowalchuk 2005). Increased lateral meniscal 
motion on flexion may be a clue (Staubli and 
Birrer 1990) though the imaging appearances 
have not been described. The fascicles may also 
be congenitally absent (Fig.  43), either with or 
without a discoid meniscus, leading to instability 
(Van Steyn et  al. 2016). There are normal defi-
ciencies in the superior and inferior popliteo-
meniscal fascicles as the popliteal tendon passes 
through the hiatus from lateral to medial which 
should not be mistaken for injury.

The common peroneal nerve is fixed at its entry 
to the anterolateral compartment deep to peroneus 
longus and may be injured. The nerve should be 
examined for thickening and oedema. In severe 
injuries, total nerve disruption may occur (Fig. 44).

a b

Fig. 40 (a, b) Posterolateral capsular injury. Sagittal fat- 
saturated proton density MR images. The geniculate ves-
sels (arrow in a) are well visualised in the fat pad 
immediately posterior to the capsule/arcuate ligament. 

Fluid signal and loss of definition of the fat (arrow in b) 
are suggestive of a capsular injury and should be 
mentioned
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MRI plays an important role in the detection of 
posterolateral corner injuries as, although  surgical 
indications and technique are still debated, if it is 
to be performed, then early detection and treat-
ment (<3  weeks) are associated with improved 
outcomes (Geeslin and LaPrade 2011).

3.1.3  Anterolateral Ligament Injury
The anterolateral ligament, like the deep MCL, is 
a thickening of the anterolateral capsule which 
extends from the femur anterior to the LCL, to 
the tibia between Gerdy’s tubercle and the fibular 
head, about 5 mm below the joint line (Patel and 

a

c

b

Fig. 41 (a–c) Posterolateral capsular tear. (a, b) Axial 
and (c) sagittal fat-suppressed proton density MR images. 
The capsule can often be seen on normal axial images 
(arrow in a). Loss of definition of the capsule with haem-

orrhagic fluid in the popliteal fossa in keeping with rup-
ture. The sagittal image shows the edge of the torn capsule 
(arrow in c)
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Brophy 2018). In its course to the tibia it attaches 
to the body of the lateral meniscus at which point 
the geniculate vessels lie between it and the 
meniscal periphery (Van Dyck et al. 2016). There 
is a strong association with ACL injuries and per-
sistent anterolateral rotational instability has 
been reported in 10–30% of patients after ACL 

reconstruction (Van Dyck et  al. 2016), but the 
role of the anterolateral ligament is still debated 
and the structure is not reliably visualised on all 
studies. It is worth knowing that the Segond frac-
ture is an avulsion of the meniscotibial compo-
nent of the ALL (Fig.  45) and that primary 
fixation of the bone fragment has a good out-

Fig. 42 Arcuate 
ligament avulsion. 
Sagittal fat-saturated 
proton density MR 
image. The arcuate 
ligament (arrows) has 
avulsed a small cortical 
fragment from the 
fibular styloid 
(arrowhead)

a b

Fig. 43 Congenital absence of the popliteomeniscal fas-
cicles. (a, b) Sagittal fat-saturated proton density MR 
images. The lateral meniscus is separated from the cap-

sule (arrow in a) leading to instability. This can also occur 
as an injury. The fascicles are normally deficient where 
the popliteus tendon passes through (arrow in b)
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Fig. 44 Peroneal nerve 
injury. Coronal proton 
density MR image. The 
common peroneal nerve 
is disrupted and recoiled 
(arrows) in this 
multiligamentous injury. 
The point at which the 
nerve is fixed at the 
fibular neck is shown 
(arrowhead)

Fig. 45 Segond 
fracture. Coronal 
fat-saturated proton 
density MR image. The 
Segond avulsion 
fragment (arrow) is 
attached to the 
anterolateral ligament 
(arrowheads)
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come. Reconstruction, which is still not univer-
sally accepted, may be via a free graft from the 
ITB or lateral extra-articular tenodesis. 
Indications for surgery would include repeat 
ACL graft failure and those at a high level of 
sports involving pivot shift (Geeslin et al. 2017).

3.1.4  Lateral Compartment Ganglia
Just as ganglia have been described in relation to 
the intra-articular ligaments there are also ganglia 
that have been associated with the lateral ligament 
complex involving both the iliotibial tract 
(Simoens et  al. 2002) and fibular collateral liga-
ment. A more common cause of an apparent gan-
glion or synovial cyst posterolaterally is a synovial 
outpouching from the proximal tibiofibular joint.

3.2  The Medial Stabilisers

The medial knee is stabilised by the deep static 
components of the medial collateral ligament 

(MCL) and the dynamic posteromedial corner. 
Anteriorly the medial retinaculum and fibres of 
the vastus medialis obliquus provide additional 
support.

3.2.1  The Medial Collateral Ligament
The medial collateral ligament is made up of a 
number of layers. The strongest, outermost layer 
is the dominant structure and comprises two por-
tions. The anterior is a strong low-signal liga-
ment that extends from approximately 5  cm 
above the knee joint from the medial femoral 
condyle to insert 6 cm below the knee joint in a 
broad elongated insertion. The posterior, oblique 
portion of this ligament arises from the adductor 
tubercle, posterior to the medial epicondyle. Its 
insertion has three components: a tibial insertion 
close to the margin of the articular surface with a 
strong attachment to the medial meniscus, a cap-
sular insertion and an insertion reinforcing the 
semimembranosus tendon. Because of the sepa-
rate origin, it is often referred to as a separate 

Fig. 46 Tibial collateral bursa. Coronal fat-suppressed proton density MR image. Fluid fills the TCL bursa separating the 
superficial fibres of the MCL (arrowhead) and the deep fibres (arrow)
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ligament, the posterior oblique ligament (POL). 
Beneath the superficial MCL are the deep fibres 
which comprise two separate components, the 
meniscal femoral ligament and the meniscal tib-
ial ligament. These are separated from the outer 
or superficial fibres by potential space generally 
only filled with connective tissue but which may 
fill with a bursa termed ‘the tibial collateral liga-
ment bursa’ (Fig. 46). Other authors define three 
layers of the medial stabilisers: layer 1 is the 
most superficial represented by the deep fascia 
and forms the medial retinaculum by combining 
with some fibres from layer 2. Layer 2 is the 
superficial MCL and POL and layer 3 is repre-
sented by the capsule proper, but includes the 
deep layer of the MCL.

Just like the lateral collateral ligament the 
immediate external relationship of the MCL is 
subcutaneous fat. Consequently injuries to the 
collateral ligaments are best appreciated on coro-
nal fat-suppressed images. For simple MCL 
injury, there is a good correlation between clinical 
and MRI staging. A grade 1 injury clinically has 
medial sided pain and some laxity but with a firm 

end point. The MRI findings under these circum-
stances are generally limited to oedema around 
the ligament (Fig. 47). Care should be taken not 
to misinterpret the capsular and soft- tissue 
oedema related to meniscal tears and OA as a 
ligament sprain. The injury context is useful in 
this regard. A grade 2 injury has a valgus laxity 
with a soft but definable end point. Under these 
circumstances the ligament shows internal struc-
tural changes; often it is multilayered giving an 
onion skin appearance (Fig. 48). This is also asso-
ciated with oedema surrounding the ligament in 
the acute stages. A stage 3 lesion where there is 
valgus laxity without a defined end point is cor-
related with complete rupture on MRI (Fig. 49). 
Femoral insertion injuries are commonest but 
midsubstance and distal tears also occur. Osseous 
femoral avulsions may occur (Fig.  50). 
Occasionally grade 3 tears of the distal ligament 
result in retraction of the ligament above and 
superficial to the pes anserine tendons, preventing 
ligament healing and requiring surgery (Fig. 51). 
This has been termed an MCL ‘Stener lesion’ 
(Alaia et  al. 2019). Tears of the deep MCL or 

Fig. 47 Grade 1 MCL 
injury. Coronal 
fat-suppressed proton 
density MR image. Note 
the oedema medial to an 
intact ligament. Other 
evidence of valgus strain 
is an impaction injury to 
the lateral femoral 
condyle (arrowhead). 
The MCL femoral origin 
is of partial volume
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meniscofemoral/tibial ligaments may also be 
seen (Fig. 52), but are more difficult to detect due 
to their variable appearance. Most medial collat-

eral ligament injuries resolve with conservative 
treatment, in some cases without the patient being 
particularly aware that they have been torn. 

Fig. 48 Grade 2 MCL 
injury. Coronal 
fat-suppressed proton 
density MR image, 
showing an ‘onion skin’ 
configuration to the 
ligament (arrow) and 
oedema. The valgus 
impaction on the tibia is 
shown (arrowhead)

a b

Fig. 49 Complete rupture of the MCL. (a, b) Coronal proton density MR images. The tears are located proximally 
(arrow in a) and in its midsubstance (arrow in b)
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Healing leaves only a thickened ligament which 
may persist for many years. Occasionally ossifi-
cation can occur adjacent to the ligament termed 
the ‘Pellegrini-Stieda’ lesion. One possible cause 
for this lesion is the full-thickness femoral avul-

sion which remains continuous with a stripped 
femoral periosteum. Despite being avulsed, 
because of the periosteal attachment, the ligament 
may not be redundant. In paediatric patients the 
stripped periosteum may become entrapped in a 

a b

Fig. 50 (a, b) MCL avulsion. (a) X-ray and (b) coronal proton density MR image. The MCL has avulsed a fragment 
of bone from the femoral origin (arrows)

Fig. 51 MCL Stener 
lesion. Coronal proton 
density MR image. The 
MCL (arrow) is 
retracted above the pes 
anserine tendons 
(arrowheads)
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physeal injury (Fig. 53), preventing healing and 
leading to premature closure (Pedersen 2016).

3.2.2  The Posteromedial Corner
The posteromedial corner, between the MCL and 
PCL, has several major components: the semi-
membranosus tendon, the posterior oblique liga-
ment, the posteromedial capsule which includes 
the oblique popliteal ligament and the medial 
meniscus (Lundquist et al. 2015). The semimem-
branosus tendon is the main dynamic stabiliser of 
the PMC, with a complex of five arms: The direct 
tibial arm is augmented by two additional ante-
rior arms and two posterior. The anterior two are 
the pars reflexa inferiorly, which passes anteri-
orly in the axial plane to insert on the tibia deep 
to the MCL, and an expansion to the POL superi-
orly. The posterior arms are the oblique popliteal 
ligament superiorly and the popliteus aponeuro-
sis inferiorly (Sims 2004). The direct arm attaches 
to the meniscotibial ligament of the posterior 
horn of the medial meniscus and the tendon pulls 
on the meniscus and prevents it from being com-
pressed between tibia and femur in knee flexion. 
Sims and Jacobson (2004) have divided medial 

complex injuries into simple valgus injury with 
MCL tear, and anteromedial rotatory instability 
(AMRI), which they describe as an abnormal 
opening of the medial joint space in abduction at 
30° of knee flexion, with a simultaneous antero-
medial rotatory subluxation of the medial tibial 
condyle on the central axis of the intact posterior 
cruciate ligament.

When MCL injuries are detected, a careful 
study of the posteromedial structures is warranted, 
as in a small proportion tears of the semimembra-
nosus tendon and associated insertions may be 
found (Fig. 54). These may be repaired when con-
tributing to cruciate graft failure or when they are 
a part of multiligamentous injuries. As with the 
posterolateral corner, frank posteromedial capsu-
lar rupture may be seen. Chronic overuse semi-
membranosus tendinopathy is more common than 
acute injury and will be described elsewhere.

3.2.3  Medial Compartment Ganglia
As with ligaments elsewhere, ganglion cysts can 
occasionally be associated with the medial 
collateral ligament. These need to be distin-
guished from the tibial collateral ligament bursa, 

a b

Fig. 52 Deep MCL injury. (a, b) Coronal fat-saturated 
proton density MR images. In (a) the meniscofemoral 
component of the deep MCL is torn (arrow). In (b) the 
meniscofemoral component has avulsed the perichon-

drium at the femoral attachment (arrow). There is also a 
separated fragment of meniscus at the meniscal attach-
ment (arrowhead)
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Fig. 53 Entrapped 
periosteum. Coronal 
fat-saturated proton 
density MR image. The 
MCL has stripped the 
femoral periosteum 
which has become 
trapped in the femoral 
physis (arrow). This may 
lead to premature 
physeal closure

a b

Fig. 54 (a, b) Posteromedial corner lesion. (a) Coronal 
and (b) axial fat-suppressed proton density MR images. 
Cyclist with a tear of the anterior arm or pars reflex of 

semimembranosus (arrow in a). Axial image in a patient 
with posteromedial pain and previous injury shows a tear 
of the direct head of semimembranosus
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the semimembranosus bursa and the pes anserine 
bursa (Vanhoenacker et al. 2003). The semimem-
branosus bursa and pes anserine bursa are distin-
guished by the presence of a central tendon. The 
two bursae themselves are distinguished by their 
position, with the semimembranosus bursa lying 
superior to the pes anserine bursa. The tibial col-
lateral ligament bursa lies deep to the superficial 
MCL and superficial to the meniscofemoral and 
meniscotibial ligaments.

4  Dislocation

An important subset of ligament and tendon inju-
ries in the knee is dislocation. This involves dis-
ruption of three or more ligaments, with the 
exception being a bicruciate injury, where only 
the ACL and PCL are torn. The importance for 
radiologists is that the knee has often reduced by 
the time the patient presents for X-ray and severe 
injuries, particularly those to neurovascular 
structures, may be overlooked. The radiologist 
may thus be the first to suggest the diagnosis 
(Walker et al. 2013). The popliteal artery may be 
acutely torn or occluded (Fig. 55), but occasion-

ally an intimal injury may result in delayed occlu-
sion with resultant limb loss. Most institutions 
will perform CT angiography on all multiliga-
mentous injuries to avoid this outcome.

5  Conclusion

MRI plays a key role in the assessment of sus-
pected ligamentous disruption of the knee. The 
LCL and MCL are key stabilisers to varus and 
valgus stress, but injuries to secondary support-
ing structures in the corners of the knee have 
been recognised as potential causes of cruciate 
graft failure. The radiologist should be alert for 
oedema and fluid in the known position of these 
structures and alert the surgeon to possible injury.

Things to Remember
• The anterior cruciate ligament should be iden-

tified on all MR examinations as a sagittal line 
of low signal intensity.

• The radiologist may be the first to recognise 
knee dislocation and the resultant neurovascu-
lar injuries.

• In the presence of a tear of the anterior cruci-
ate ligament, it is important to carefully scru-
tinise the posterolateral corner.

• The immediate external relationship of the 
collateral ligaments is subcutaneous fat. 
Coronal orientated fat-saturated images are 
most efficient in assessing injury to these 
structures.
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Abstract
Symptoms related to the anterior knee are 
common in athletes. Most of the conditions 
are related to overuse injury of the tendons or 
chronic patellofemoral instability. Acute 
trauma is less common. Athletes with patello-
femoral dysplasia will be at risk of symptoms 
related to patellofemoral maltracking includ-
ing acute patellar dislocation. Acute tendon 
rupture is a rare complication of tendinosis. A 
direct blow to the kneecap may result in patel-
lar fracture, prepatellar bursal haemorrhage or 
Morel-Lavallée syndrome. Imaging may 
reveal signs of pathology of Hoffa’s fat pad or 
knee plica, although often these findings are 
not clinically significant. In many cases of ret-
ropatellar pain, there is no identifiable cause, 
which has led to the use of the term ‘patello-
femoral pain syndrome’. In most cases of non-
specific patellofemoral pain, no imaging is 
required unless there has been a poor response 
to standard conservative treatment.

1  Introduction

Symptoms related to the anterior knee are com-
mon in athletes. There are specific conditions of 
the patellar tendon, patellofemoral joint and 
Hoffa’s fat pad, but in many cases of retropatellar 
pain there is no identifiable cause, which has led 
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to the use of the term ‘patellofemoral pain syn-
drome’. In most cases of non-specific patellofem-
oral pain, no imaging is required unless there has 
been a poor response to standard conservative 
treatment.

2  Acute Trauma 
to the Extensor Mechanism

The most common acute injury to the anterior 
knee is patellar dislocation. More unusual inju-
ries include patellar and quadriceps tendon rup-
ture and direct trauma may result in patellar 
fractures or haemorrhage into the prepatellar 
bursa. In children, avulsion fractures of the infe-
rior patella and tibial tubercle may occur.

2.1  Patellar Dislocation

Most acute patellar dislocations occur during 
sporting activity. Typically the patient experi-
ences acute pain and swelling following a twist-
ing injury. Examination of the knee is difficult in 
the acute setting and the diagnosis may not be 
suspected before imaging. Radiographic signs 
include patellofemoral dysplasia, displaced 
patella, large haemarthrosis or lipohaemarthrosis 
and osteochondral fragment (Duthon 2015). MR 
is indicated in most patients to assess the extent 
of the soft tissue and bone and to identify and 
quantify any predisposing patellofemoral dyspla-
sia (see below). At the time of injury, the patella 
initially subluxes laterally until the medial patel-
lofemoral ligament ruptures, usually at its femo-
ral or patellar attachments (Cao et al. 2019). The 
patella then dislocates and its medial aspect 
impacts the anterolateral aspect of the lateral 
femoral condyle. This often results in an osteo-
chondral fragment originating from the medial 
patellar facet and/or the lateral femoral condyle. 
The typical MR signs are therefore ruptured 
medial patellofemoral ligament, and subcortical 
oedema/haemorrhage in the anterolateral aspect 
of the lateral femoral condyle with a correspond-
ing ‘kissing’ lesion in the medial aspect of the 

patella, with or without a patellar or femoral 
osteochondral fracture (Fig.  1) (Sanders et  al. 
2006). Sometimes the medial retinaculum and 
medial patellofemoral ligament remain intact 
(Kirsch et al. 1993).

2.2  Patellar Tendon Rupture

Patellar tendon rupture is a rare injury in athletes. 
Predisposing factors are patellar tendinosis, pre-
vious steroid injections, fluoroquinolone therapy, 
previous ACL repair with patellar graft and 
chronic medical disorders. In the immature skel-
eton, tibial tubercle avulsion fractures are more 
common than rupture of the tendon. The patient 
complains of sudden pain and the inability to 
extend the knee. Early surgical repair is indicated 
so it is important to make a timely diagnosis. The 
tear usually involves the proximal or middle parts 
of the tendon. Distal tendon ruptures are usually 
associated with high-energy injuries (Capogna 
et al. 2017). Signs of patellar tendon rupture on 
the lateral radiograph are patella alta and patellar 
avulsion fracture. Ultrasound is the easiest and 
quickest method to make the diagnosis and deter-
mine the site and extent of the tear, although MR 
provides similar information (Fig. 2).

2.3  Quadriceps Tendon Rupture

Rupture of the quadriceps tendon tends to occur 
in older athletes with multiple medical conditions 
that may predispose to quadriceps rupture. The 
quadriceps tendon consists of three layers related 
to the rectus femoris, vastus medialis/lateralis 
and vastus intermedius, respectively. Tears usu-
ally occur close to the tendon insertion at the 
patella and are often partial. Radiographs may 
show avulsion fracture and patella baja. Abnormal 
contour of the tendon and avulsion fracture may 
be seen on the radiograph (Fig. 3). MR is thought 
to be more specific than ultrasound for identify-
ing a tear and more suitable for assessing the 
severity of partial tears (Perfitt et  al. 2013). In 
acute tears, both ultrasound and MR will show 
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a

c

b

Fig. 1 (a–c) Acute patellar dislocation. (a) Coronal and 
(b) axial proton-density fat-saturated MR images. A large 
osteochondral fragment (arrow in a) has been sheared off 
the medial patellar facet (arrow in b). Marrow oedema is 
evident in the medial patellar and lateral femoral condyle 
(arrowheads). The patellar attachment of the MPFL 

(asterisk) is intact. (c) Axial proton-density fat saturation 
MR image shows avulsion of the femoral end of the 
medial patellofemoral ligament (arrowhead). The patellar 
attachment is intact (arrow). Note the dysplastic ‘plateau’ 
of the trochlea (asterisk)

a b

Fig. 2 (a, b) Patellar tendon rupture. (a) Sagittal proton density and (b) ultrasound show a defect in the proximal por-
tion of the tendon (arrows). The asterisks mark the free ends of the tendon
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disruption of the tendon, either partial or com-
plete, with haematoma (Fig. 4). When tears are 
complete the torn quadriceps tendon will retract 
and the patella will migrate inferiorly.

2.4  Prepatellar Bursa

Prepatellar bursitis is a common condition in the 
general population, particularly in occupations 
requiring kneeling. In athletes, the commonest 
problem is an acute haemorrhagic bursitis result-
ing from a direct blow. The diagnosis is usually 
obvious on clinical inspection and can be easily 
confirmed on ultrasound or MR (Fig.  5). The 
bursa is a trilaminate structure overlying the 
patella. The bursa may extend a short distance 
lateral or medial to the patella (Aguiar et  al. 
2007). A Morel-Lavallée lesion of the knee is a 
shearing injury to the soft tissues that can mimic 
haemorrhagic bursitis on imaging. In this condi-
tion, the lesion extends beyond the expected mar-
gins of the bursa (Fig. 6) (Tejwani et al. 2007).

2.5  Fractures

In the adult, patellar fractures may occur second-
ary to a direct blow. In the child, the patellar 
sleeve avulsion fracture is a rare but important 
lesion in which the unossified inferior pole plus a 
small amount of bone is avulsed along with a 
sleeve of retropatellar articular cartilage and peri-
osteum (Hunt and Somashekar 2005). This can 
also occur at the quadriceps insertion (Fig.  7) 
(Gettys et al. 2010). This fracture requires fixa-

Fig. 3 Quadriceps tendon rupture. Lateral X-ray image 
showing patella baja (double arrow) and a retracted quad-
riceps containing a flake of bone (arrowhead) with a resul-
tant soft-tissue gap (arrow)

ba

Fig. 4 (a, b) Partial quadriceps tendon tear. (a) Sagittal ultrasound and (b) sagittal proton-density fat-saturated images 
showing the retracted superficial tendon (arrow) with an intact posterior component (arrowheads)
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tion. Another rare fracture is avulsion of the 
unfused tibial tubercle, which may occur on a 
background of Osgood-Schlatter disease.

3  Anterior Knee Pain Without 
Acute Trauma

Anterior knee pain is a common complaint in ath-
letes and general population. In most cases, symp-
toms are due to pathology of the patellar tendon, 
patellofemoral joint or Hoffa’s fat pad. Most 
patients do not require imaging. In certain circum-
stances, imaging will help to make a diagnosis, 

assess the degree of abnormality or guide therapy. 
MR and ultrasound are the most useful techniques 
in investigating anterior knee pain. Radiographs 
have a limited role and are not required in most 
cases. Ultrasound is the easiest method of investi-

a b

Fig. 5 (a, b) Prepatellar bursitis. (a) Axial ultrasound and (b) sagittal gradient-echo images demonstrate fluid disten-
tion of the prepatellar bursa (asterisks) which normally covers the upper portion of the infrapatellar tendon

Fig. 6 Morel-Lavallée lesion. Axial T2 fat-saturated 
image shows a fluid-filled structure beyond the normal 
confines of the prepatellar bursa (arrows)

Fig. 7 Periosteal sleeve avulsion of the quadriceps ten-
don. Sagittal proton-density fat saturation image. The ten-
don has avulsed periosteum (arrowheads) and cartilage 
(asterisk) from the patella. Incidental ligamentum muco-
sum or infrapatellar plica is shown (star)
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gating suspected patellar tendon pathology. MR is 
used for suspected patellofemoral problems and 
when the symptoms are non-specific.

3.1  Disorders of the Patellar 
Tendon

The patellar tendon is vulnerable to overuse-type 
injuries. In the adolescent, the commonest condi-
tion is Osgood-Schlatter disease, which is a 
chronic traction injury at the tibial tubercle 
apophysis (traction apophysitis). The condition is 
more common in males and is associated with 
running sports. A tender bony swelling at the 
tibial tubercle is found on clinical inspection. 
Imaging is rarely required and is usually 
requested to reassure the patient or their parents 
that there is no sinister pathology. Radiographs 
will show fragmentation of the tibial tubercle, 

accompanied by some soft-tissue swelling repre-
senting thickened tendon and fluid in the deep 
infrapatellar bursa. Ultrasound and MR will dem-
onstrate the fragmentation of the tibial tubercle 
apophysis, tendinosis and infrapatellar bursitis 
(Fig.  8) (Sailly et  al. 2012; Suzue et  al. 2015). 
Early stages of the disease may only show mar-
row oedema in the apophysis and tibia on MR 
(Fig. 9). Osgood-Schlatter disease is considered 
to be a self-limiting condition in most cases with 
symptoms resolving within 1–2 years, although a 
substantial proportion of cases requiring hospital 
assessment suffer from a more chronic course 
(Guldhammer et  al. 2019). Sinding-Larsen-
Johansson syndrome is a similar traction apophy-
sitis that occurs at the proximal end of the tendon. 
The prognosis is better than Osgood-Schlatter 
disease. Radiographs will show fragmentation of 
the inferior pole of the patella. Ultrasound and 
MR will typically demonstrate separation and 

a b

Fig. 8 (a, b) Osgood-Schlatter disease. (a) Sagittal ultra-
sound and (b) proton-density fat-saturated MR images 
show separation and fragmentation of the tibial tuberosity 

apophysis (arrowheads) and hypervascularity on Doppler 
(a). There is associated infrapatellar bursitis (arrow in b). 
Patellar tendon (asterisk in a)
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fragmentation of the secondary apophysis at the 
inferior pole of the patella and a swollen hyper-
vascular tendon (Fig.  10) (Draghi et  al. 2008; 
Suzue et al. 2015). Jumper’s knee (patellar tendi-
nosis) is a chronic overuse injury of the proximal 
patellar tendon seen in young adult athletes. The 
condition may be resistant to treatment. The 
pathology is degeneration of the proximal tendon 
directly adjacent to the inferior pole of the patella. 
The abnormality is typically confined to the deep 
surface of the central portion of the tendon 
(Fig.  11). The diagnosis and management are 
usually based solely on clinical evaluation. When 
imaging is indicated ultrasound is the technique 
of choice. A focal swelling of the tendon with 
hypervascularity is seen adjacent to the inferior 
pole of the patella (Terslev et  al. 2001). 
Calcification is not uncommon. On MR the 
abnormal tendon shows increased signal on all 
sequences (Fig.  12a). Magic-angle effect 
(Fig. 12b) can cause mild or moderate high signal 
within the proximal patellar tendon simulating 
tendinosis on MR, so clinical correlation is 
important (Levin et al. 2019). Less commonly the 

Fig. 9 Early Osgood-Schlatter disease. Sagittal proton-
density fat saturation image shows marrow oedema in the 
apophysis (arrow) and the subjacent tibia and infrapatellar 
fat (arrowheads)

a b

Fig. 10 (a, b) Sinding-Larsen-Johansson syndrome. (a) 
Sagittal proton-density fat saturation and (b) gradient-
echo MR images. In an earlier stage (a) the apophysis is 

partially separated (arrows) with associated oedema. 
Later the apophysis may fragment and ossify (arrow in b)
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tendinosis may be more diffuse (Fig. 13). Imaging 
evidence of patellar tendinosis in asymptomatic 
athletes is a risk factor for developing symptoms 
in the future (McAuliffe et al. 2016).

3.2  Medial Patellar Plica

Impingement of the medial patellar plica between 
the patella and the medial condyle has been 
implicated as a cause of anterior knee pain. The 
patient may experience pain, clicking, pseu-
dolocking and tenderness over the medial plica. 
The normal plica is commonly identified on MR 
when there is an effusion. In medial patellar plica 
syndrome, the plica is seen to be thickened and 
covers the medial side of the medial femoral con-
dyle. There may be an associated chondral defect 
(Fig. 14) (Nixion et al. 2017).

3.3  Hoffa’s Fat Pad

Hoffa’s fat pad lies deep to the patellar tendon and 
has an apex pointing toward the ACL insertion. 
Cysts, neoplasms and inflammatory conditions 
can occur in the fat pad (Saddik et al. 2004). The 

Fig. 11 Jumper’s knee. Sagittal ultrasound image show-
ing the thickened, hypoechoic and hypervascular deep 
portion of the infrapatellar tendon (arrow) with a focus on 
calcification (arrowhead)

a b

Fig. 12 (a, b) Jumper’s knee and magic angle. (a) 
Sagittal proton-density fat saturation MR image shows a 
thickened and hyperintense tendon. Note the adjacent fat 
pad oedema as a supporting sign (asterisk). (b) Sagittal 

proton- density fat-saturated image shows magic-angle 
artefact (arrow) producing hyperintensity in the deep por-
tion of the tendon. The tendon is not thickened and the fat 
is normal
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concept of Hoffa’s fat pad impingement syndrome 
is controversial but oedema is sometimes seen in 
the pad without any obvious explanation. In 
chronic impingement, there may be chondral and 
osseous metaplasia. The normal infrapatellar 
plica (ligamentum mucosum) can be frequently 
identified on MR as it runs through the fat pad and 
attaches to the inferior pole of the patella (Fig. 7). 
Occasionally high signal is seen surrounding the 
plica on MR (Radu et al. 2015). How frequently 
this abnormality itself is related to symptoms is 
open to question. The most common lesion found 
in the fat pad is a ganglion often arising from the 
ACL (Fig. 15). Ganglia are usually diagnosed on 
MR but ultrasound is useful to confirm their cystic 
nature. Ultrasound-guided aspiration and injec-
tion may be beneficial. The commonest solid 
tumours are the nodular form of pigmented villo-
nodular synovitis (PVNS) and synovial osteo-
chondromatosis. Focal PVNS contains 
haemosiderin and fibrosis which is seen as low 
signal intensity on T2-weighted images (Fig. 16). 
Synovial osteochondromatosis is usually calcified 
to a varying degree (Helpert et al. 2004).

Fig. 13 Severe infrapatellar tendinosis. Sagittal proton-den-
sity fat saturation image showing extensive tendinosis 
(arrows). This can lead to tendon shortening and patella baja

a b

Fig. 14 (a, b) Medial patellar plica. Professional foot-
baller. Sequential axial proton-density fat-saturated MR 
images. (a) The medial plica (arrows) has lifted and 

become trapped under a cartilage flap (arrowheads). (b) 
The thickened plica is draped over the medial trochlea 
(arrows)
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a b

Fig. 15 (a, b) Hoffa’s fat pad ganglion. (a, b) Proton-density fat-suppression sagittal MR image showing lobulated 
cystic mass (arrow in a). The mass arises from the ACL (arrows in b)

a b

Fig. 16 (a, b) Focal PVNS. (a) Sagittal T1 and (b) sagit-
tal proton-density fat-suppression MR image shows a 
well-defined mass (arrows) in Hoffa’s fat pad which con-
tains some low signal intensity on the fat-suppression 

images representing haemosiderin and fibrosis (arrow-
heads in b), although this may be absent in the localised 
form
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A common finding on MR is oedema involv-
ing the superolateral Hoffa’s fat pad due to 
impingement of the lateral aspect of the patellar 
tendon on the anterolateral articular margin of the 
lateral femoral condyle. Some minor high signal 
may be detected in the fat that is interposed 
between the tendon and the condyle. Although 
this entity may be seen in patients with anterior 
or anterolateral pain, it is so common a finding on 
routine MR that its significance is open to ques-
tion (Fig. 17). There is evidence of an association 
with patellofemoral dysplasia, in particular with 
patella alta, maltracking and patellofemoral 
osteoarthritis (Li et al. 2019; Kim et al. 2019). Fat 
pad induration may be identified with ultrasound 
and addressed with guided steroid injection 
(Fig. 18).

3.4  Patellofemoral Joint

Definable conditions of the patellofemoral joint 
that cause anterior knee pain are chondromalacia, 
osteochondritis dissecans and patellar maltrack-

ing. ‘Patellofemoral pain syndrome’ is a term 
usually reserved for cases of retropatellar knee 
pain without an identifiable cause.

3.4.1  Patellofemoral Pain Syndrome
The term is usually reserved for patients with 
anterior knee pain without a detectable structural 
abnormality and is common in athletes and non-
athletes alike (Thomeé et  al. 1999). The condi-
tion is much more common in females. Imaging 
is rarely required as achieving a more specific 
diagnosis does not usually alter management. 
Most patients have normal imaging including 
normal patellofemoral anatomy. A proportion of 
patients will have demonstrable chondromalacia 
of the retropatellar cartilage but this is a common 
finding in individuals without pain (van der 
Heijden et al. 2016).

Some patients will have anatomical abnormal-
ity predisposing to maltracking of the patella 
(Drew et al. 2016).

Imaging is indicated if symptoms are atypical 
or persistent, mainly to rule out treatable 
pathology such as osteochondritis dissecans. If 

a b

Fig. 17 (a, b) Superolateral Hoffa’s fat pad impinge-
ment. Axial proton-density fat-saturated MR images. (a) 
Mild oedema (arrows in a) is seen in the fat pad between 

the lateral margin of the tendon (arrowhead) and the lat-
eral condyle (arrowhead). (b) More severe changes
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maltracking is suspected and surgery is being 
considered then MR is useful to document any 
dysplasia. Dynamic imaging may be used to 
detect and quantify maltracking. Imaging is not 
always performed for suspected chondromalacia 
although macroscopic lesions may be reliably 
seen on good-quality MR (Fig. 19). Patients may 
rarely present with acute chondral injuries 
(Fig. 20).

3.4.2  Bipartite Patella
Bipartite patella is a normal variant where there 
is a small separate ossification usually at the 
superolateral aspect of the patella. Bipartite 

patella can be easily identified on radiographs 
and MR. In asymptomatic cases, a layer of high 
signal may be seen in a cleft at the articulation 
but the overlying articular cartilage is intact. 
Symptomatic cases are rare but persistent local-
ised pain following injury has been reported. On 
MR, oedema on either side of the divide between 
the accessory ossification and the main body of 
the patella may be encountered, as well as disrup-
tion of the cartilage (Fig. 21) (Radha et al. 2017).

3.4.3  Osteochondritis Dissecans
Osteochondritis dissecans is a disease of child-
hood and adolescence thought to be due to 

a

b

Fig. 18 (a, b) Fat pad impingement. Axial ultrasound 
images over the proximal, lateral infrapatellar tendon. (a) 
Echogenic oedematous fat (arrows) under the later margin 

of the tendon (asterisk). (b) Needle (arrows) introduced 
into the fat pad for steroid injection

S. Ostlere and G. Thompson



505

localised failure of endosteal ossification result-
ing in a cartilage-filled crater of the subchondral 
bone plate, which is vulnerable to calcification 
and fragmentation. It is more common in athletic 
individuals and is due to repetitive loading on the 
articular surface. In the knee osteochondritis dis-
secans typically involves the lateral aspect of the 
medial femoral condyle or the weight- bearing 
portion of the lateral femoral condyle, but the 
patella and the lateral facet of the trochlea are 

also recognised sites (Fig.  22) (Kramer et  al. 
2015). The patient may present with anterior pain 
when the lesion involves the patellofemoral joint 
or the anterior aspects of the femoral condyles. 
Osteochondritis dissecans can usually be identi-
fied on plain films but MR is more sensitive. 
Radiographically osteochondritis dissecans is 
seen as a subchondral lucency that may contain a 
density representing the osteonecrotic fragment. 
Intra-articular loose bodies may also be seen. On 

a b

Fig. 20 (a, b) Chondral injuries. Axial proton-density fat 
saturation images. (a) Delamination of cartilage at the 
tidemark between calcified and uncalcified cartilage 

(arrows). (b) Acute chondral fracture of the trochlea leav-
ing a well-defined defect (arrows)

Fig. 19 Chondromalacia. Axial T2 fat-suppression 
image showing a full-thickness fissure in the articular car-
tilage (arrow)

Fig. 21 Bipartite patella. Axial proton-density fat satura-
tion MR image showing bipartite patella with oedema in 
the ossicle (arrow). The overlying cartilage is disrupted 
(arrowhead)
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MR the defect may be seen to be filled with 
fibrocartilage or to contain the necrotic fragment. 
The generally accepted criteria for diagnosing an 
unstable lesion is high-signal fluid lying deep to 
the fragment and breach of the articular cartilage 
(De Smet et al. 1997). Multiple cysts at the edge 
of the lesion may also suggest instability (Grimm 
et al. 2014). Accurate staging of osteochondritis 
dissecans usually requires arthroscopy. Normal 
irregularity of the posterior aspect of the medial 
femoral condyle in children may simulate osteo-
chondritis dissecans (Gebarski and Hernandez 
2005).

3.4.4  Patellar Maltracking
Patients with maltracking may present with non-
specific retropatellar pain or symptoms of patel-
lofemoral joint instability including dislocation. 
Imaging is useful in suspected acute patellar dis-
location (see above) and in patients with chronic 
patellofemoral instability who are being consid-
ered for surgery.

Bony factors that predispose to patellofemoral 
instability are a high-riding patella (patella alta), 
a flat or convex trochlear, laterally positioned 
tibial tubercle and genu valgum. The soft tissue 

factors include a deficient vastus medialis and 
medial patellofemoral ligament. The relative 
contribution of each of these factors may influ-
ence clinical management. Most patients are 
managed conservatively. Popular surgical options 
are medial or anteromedial transfer of the tibial 
tubercle and repair of the medial patellofemoral 
ligament (Erickson et al. 2019). Refashioning of 
the trochlear groove (trochleoplasty) is usually 
reserved for severe forms of trochlear dysplasia 
(Balcarek and Zimmermann 2019). Popularity of 
lateral retinaculum release has waned and now 
has a limited role in the treatment of instability 
(da Fonseca et al. 2017).

MRI is the most useful technique for assessing 
the relevant anatomy. The commonest measure-
ment used to diagnose patella alta is the Insall-
Salvati ratio (patellar tendon-patella ratio) which 
can be measured on MR or, more reliably, a lateral 
radiograph (Verhulst et al. 2020). The normal ratio 
should be less than 1.3–1.5 (Shabshin et al. 2004). 
The trochlear groove is best assessed on the axial 
MR. When abnormal, the groove may be shallow, 
or the surface may be flat or even convex in its 
most proximal part (Fig. 23). The relative position 
of the tibial tubercle is clinically estimated by 

a b

Fig. 22 (a, b) Osteochondritis dissecans of the patello-
femoral joint. (a) Sagittal gradient-echo MR image show-
ing an osteochondral lesion in the lateral trochlea 
(arrows). Fluid subtends this unstable lesion (arrow-

heads). (b) Axial proton-density fat saturation MR image 
showing a focus of osteochondritis in the medial patellar 
facet. There is a cystic change below the absent subchon-
dral bone plate, which suggests instability
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measuring the Q angle, which is the angle between 
a line drawn from the anterosuperior iliac spine to 
the centre of the patella and a line drawn from the 
centre of the patella to the tibial tubercle. The MR 
equivalent is the tibial tubercle-trochlear groove 
(TT-TG) distance. This is the distance between the 
deepest point of the trochlear groove and the tibial 
tubercle in the sagittal plane. Two axial slices are 
selected, one at the level of the trochlear groove 
and the other at the level of the attachment of the 
patellar tendon at the tubercle. The two slices are 
superimposed. A baseline is drawn along the back 
of the femoral condyles. Two lines are drawn per-
pendicular to this baseline, one through the tibial 
tubercle and the other through the deepest point of 
the trochlear groove. The TT-TG is the distance 
between these two lines (Fig. 24). The upper limit 
of normal is about 1.7–1.8 cm. In almost all cases 
with a value above 2 cm, maltracking can be dem-
onstrated on dynamic imaging (McNally et  al. 
2000). Patients with high TT-TG distance are 
likely to benefit from tibial tubercle 
medialisation.

In patients with suspected chronic instability, it 
may also be helpful to document whether or not a 
patient is indeed maltracking. In some cases, this 

may be obvious on clinical examination but often 
imaging is required, particularly in obese patients 
and those with relatively minor degrees of mal-
tracking. Lateral subluxation may be demon-
strated on skyline radiographs but this is an 
insensitive test as maltracking is maximal from 
30° of flexion to full extension (Fig. 25). CT and 
MR have the advantage of being able to provide 
axial images of the knee within this range of flex-
ion. Axial images through the centre of the patella 
are obtained while the knee is extended from 30° 
of flexion to full extension. Dynamic imaging 
acquires data while the knee is moving. One MR 
method is to acquire multiple rapid axial images 
through the patella during a slow controlled exten-
sion. A continually repeated series of around five 
axial images and one sagittal image are obtained 
through the patella during extension. For each 
series, the slice through the centre of the patella is 

Fig. 23 Patellofemoral dysplasia. Axial proton-density 
fat suppression MR image through the proximal part of a 
dysplastic convex trochlear ‘groove’ (arrows). There is 
chronic disruption of the medial patellofemoral ligament

Fig. 24 Laterally positioned tibial tubercle. The TT-TG 
distance is measured on axial proton-density fat- saturated 
images at the trochlear notch and tibial tuberosity
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selected and a cine loop created (Fig.  26). True 
real-time dynamic images are now possible with 
the development of new fast acquisition sequences 
or real-time CT (Burke et al. 2018). The degree of 
maltracking correlates with symptoms and TT-TG 
(O’Donnell et al. 2005; Williams et al. 2016).

4  Conclusion

Most cases of anterior knee pain originate from 
the patellar tendon, Hoffa’s fat pad or patellofem-
oral joint. Most cases do not require imaging. 

Acute traumatic pain requires plain films to 
exclude fracture supplemented by MR if patellar 
dislocation is considered a possibility. Soft- tissue 
overuse injuries of the patellar tendon are best 
assessed by ultrasound. MR is the technique of 
choice for assessing the patellofemoral joint and 
abnormalities of Hoffa’s fat pad. Plain films are 
of limited value in the assessment of chronic 
anterior knee pain.

Things to Remember
• The triad of MR findings found in patellar dis-

location is specific for this injury.

a b

Fig. 25 (a, b) Patellar subluxation. (a) Skyline X-ray image shows a normal position. (b) Axial T2 fat saturation MR 
image in the same patient with the knee in slight flexion shows a sublimed patella (asterisk)

a b

Fig. 26 Patellar maltracking. Axial images with 1-s acquisition time in (a) 30o of flexion and (b) full extension. There 
is lateral subluxation and tilt of the patella in extension
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• Ultrasound is an excellent method of assess-
ing the patellar tendon and other superficial 
soft- tissue injuries. No other imaging is 
required in the vast majority of cases.

• Patellofemoral dysplasia, a complex disorder 
involving the position of the patella and the 
tibial tubercle and the shape of the trochlear 
groove, is best assessed by MR.

• True dynamic imaging is possible with MR to 
demonstrate maltracking.
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Abstract

This chapter addresses sports-related injuries 
of ligaments and tendons of the ankle and foot 
with emphasis on trauma mechanisms and 
optimal imaging modalities and findings. The 
ankle is one of the most common sites of 
injury in sports with ankle sprain being the 
most frequent injury. Ligamentous elonga-
tions or tears tend to be acute whereas tendi-
nosis is more typically due to overuse and 
repetitive trauma. Acute tendon tears usually 
occur in an already diseased tendon. Clinical 
diagnosis can be challenging due to the com-
plex anatomy and multiple sites of potential 
injury. Ultrasound is perfectly suited for foot 
and ankle evaluation as most structures are 
located superficially. Moreover it allows 
dynamic assessment of ligaments and tendons 
towards the static CT or MRI. MRI is also an 
ideal modality because of the high soft-tissue 
contrast. It is essential in assessing associated 
intra-articular lesions and bone marrow 
oedema. Radiography and CT are a good com-
plement of MRI for detection of bony avul-
sions and soft-tissue calcifications. Early MRI 
of the sprained ankle in the athlete can help to 
assess the severity of ligament injuries (involv-
ing lateral ligament complex, syndesmotic 
complex, deltoid complex, spring or subtalar 
ligaments as well as Chopart and Lisfranc 
ligaments in the midfoot). MRI is also capable 
to depict the first MTP joint ligamentous inju-
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ries. Tendon disorders can be analysed on US 
and MR images based on the clinical findings 
and the tendon location (peroneal, flexor, 
extensor, plantar and posterior).

1  Ankle Ligament Tears

Ankle sprains are one of the most frequent sports- 
related injuries in both recreational and profes-
sional athletes. They account for up to 5% of all 
emergency department admissions and result in a 
variety of ligamentous injuries (Doherty et  al. 
2014). The trauma mechanism is often inversion 
and adduction with plantar flexion of the foot. 
Depending on the severity of injury, different 
ligaments can be involved. Most ankle sprains 
can be treated conservatively and overall out-
come is excellent (Box 1).

Imaging is often not necessary in the acute 
phase apart from radiographs to rule out fracture 
especially when there is an elective pain at clini-
cal examination. Further imaging studies are 
indicated in cases that are refractory to conserva-
tive treatment. MRI in particular is the modality 
of choice in patients presenting chronic persistent 
ankle pain and/or instability to rule out lesions 
that were initially overlooked and to detect post- 
traumatic complications. Dynamic radiographs 
could assess ligament integrity but have a low 
specificity. Ultrasound (US) is efficient in acute 
ankle sprains and also allows dynamic evaluation 
of ligament integrity. Lateral, syndesmotic and 
medial ligaments are superficial structures, easily 
visualised on US. This method has the advantage 
towards MRI to be cheap and fast. MRI is an 
ideal technique not only for ligament evaluation 
but also for detection of commonly associated 
intra-articular lesions such as osteochondral inju-
ries of the talus or injury of the subtalar ligament, 
which may cause persistent ankle pain or 
 instability (Linklater et al. 2017; Mansour et al. 
2011). In general ligamentous injuries can be 
classified into three categories. Grade I: The liga-
ment is stretched but not torn. Grade 2: The liga-
ment is partially ruptured. Grade III: The ligament 
is completely torn. Imaging findings of different 
ligamentous injuries are addressed in the follow-
ing sections.

1.1  Lateral Ligament Complex

The lateral ligament complex of the ankle con-
sists of the anterior talofibular ligament (ATFL), 
calcaneofibular ligament (CFL), and posterior 
talofibular ligament (PTFL) (Fig.  1). It is the 
most commonly involved in ankle sprains, espe-
cially the ATFL and middle CFL. The ATFL is 
the weakest of the three compounds and is injured 
in up to 85% of ankle sprains. The CFL is 
involved in 50–75% of cases. Tears of the PTFL 
(Fig.  28) are rare, with less than 10% of ankle 
injuries, and occur in severe trauma with ankle 
dislocation (Roemer et al. 2014; Mansour et al. 
2011).

Box 1 Standard Radiography and Computed 
Tomography

Standard Radiography
• Useful in acute setting to rule out frac-

tures and small bone avulsions.
• May show aspecific soft-tissue swelling 

indicative of ligament or tendon injury.
• Ligaments and tendons themselves can-

not be assessed, except on dynamic 
stress radiographs.

Computed Tomography: Same as 
Radiography
• May aid in the assessment of acute 

injuries.
• Helps to evaluate bone alignment and to 

detect tendon/ligament avulsion.
• Useful for preoperative planning of 

complex fractures.
• Good complement to MRI in chronic 

post-traumatic ankle or foot pain to 
detect small bone avulsions.
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Imaging On US the ATFL is a thin hyperechoic 
linear band running from the anterior rim of the 
distal fibula to the anterior lateral border of the 
talus. US has the advantage to show the ligament 
fibres. A normal ATFL is 2 mm thick. A grade I 
injury or sprain shows only mild oedema, fluid and 
a thickened ligament. A grade II or partial tear is 
characterised by a hypoechoic ligament, markedly 
thickened with presence of haematoma at one side. 
In grade III or complete tear, the ligament is dis-
continuous with a complete hypoechoic gap 
extending through the entire ligament with haema-
toma at both sides (Fig. 2). Thanks to the dynamic 
approach, we can state that the torn ligament end 
does not move and explain to the clinician that the 
ligament is incompetent; it cannot keep the ankle 
stable (the ankle being most probably unstable) 
and needs to be treated (first conservatively) 
(Sconfienza et al. 2015; McKiernan et al. 2017).

On MRI the ATFL is a 2 mm thick linear band 
with homogeneous hypointense signal on all 

Fig. 1 Lateral ligament complex on a drawing with 
ATFL, PTFL and CFL as well as inferior tibiofibular liga-
ments ATIFL and PTIFL

a c

b

Fig. 2 (a–c) Normal ATFL and ATFL rupture on trans-
verse US images. (a) Normal ligament (arrows) running 
from the lateral malleolus (F) to the talus (T). (b) Sequel 
of ATFL tear with bony avulsion (callipers) with thick-

ened and hypoechoic ligament (arrows). (c) Complete tear 
of ATFL. Absent ligament (arrow) with fluid effusion pro-
truding out of the joint space (asterisk)
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sequences. It is readily visible in the axial plane 
and runs at the level of the talus body, which has a 
pear-like appearance at this level when the foot is 
in 90° flexion (using the boot-shaped ankle and 
foot coil) (Fig. 3a). In grade I and II acute injuries, 
the ligament has an increased signal intensity on 
fluid-sensitive sequences (such as proton density 
(PD), T2 or fat-suppressed PD). In case of full-
thickness tear the ligament shows a complete dis-
continuity or is poorly visualised with frayed and 
wavy margins. Associated signs include fluid or 
haemorrhage in the anterolateral pouch and 
oedema in the surrounding capsular and fatty 
structures (Linklater et  al. 2017; Mansour et  al. 

2011). In most cases the tears will heal, a process 
that takes up to 6–12 months. After a few days, the 
attenuated ligament infiltrated by granulation tis-
sue will progressively be replaced by scar remodel-
ling into parallel collagen bundles leading to a 
thickened ligament (with intermediate signal on T1 
or PD images and low signal on T2) (Figs. 3b–d 
and 4). And  approximately 1 year after trauma, 
MRI depicts a mature reconstructed low signal 
ligament on all sequences. Similarly on ultrasound, 
a scarred ligament is thickened and hypoechoic 
(Linklater et al. 2017; Mansour et al. 2011).

The CFL runs from the tip of the lateral mal-
leolus to the lateral aspect of the calcaneus. It has 

a b c d

Fig. 3 (a–d) Normal ATFL and chronic tear on axial MR 
images. (a) Normal ATFL demonstrated on PD image 
through the pear-shaped talar body (arrow). (b–d) Chronic 
3-month-old ATFL tear (arrow) with hypointense scar tis-

sue infiltration on T2 (b). The signal intensity is increased 
and appears intermediate on PD (c) and higher on PD fat 
sat (d)

a b c

Fig. 4 (a–c) Chronic ATFL partial tear. Axial MR images 
of a 26-year-old female athlete obtained 6 m after a severe 
ankle sprain. PD (a), T2 (b) and PD fat sat (c) depict an 
attenuated ligament with still some continuous fibres, best 

visualised on c (arrows) and hypointense scar tissue infil-
tration (displayed on b). Slight irregular outline of the 
fibular cortical bone attachment (arrowheads on a)
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an oblique course from anterior to posterior and 
is located deep to the peroneal tendons; it forms a 
hammock for the peroneal tendons. It is more dif-
ficult to visualise than the ATFL on ultrasound 
and MRI. Dorsiflexion of the foot stretches the 
ligament making it more apparent on US 
(McKiernan et al. 2017). On MRI the ligament is 
best evaluated on consecutive coronal images 
when the foot is in 90° flexion (using a boot- 
shaped coil) (Fig. 5). When the foot is in plantar 
flexion, the CFL has a horizontal course and can 
be visualised through the whole length on axial 
images (Fig. 6). Imaging findings of CFL injuries 
are similar to ATFL (Figs. 7 and 8). Because of 
the close relation of the CFL to the peroneal ten-
dons, effusion in the peroneal tendon sheath can 
be present in cases of CFL tear. The PTFL origi-
nates from the posterior rim of the lateral malleo-
lus and inserts on the posterior side of the talus. It 
is composed of different bundles separated by fat 
resulting in an inhomogeneous appearance on 
MRI. Due to its deep location it is very difficult 
to identify on ultrasound (Linklater et al. 2017; 
Madani et al. 2016).

1.2  Distal Syndesmotic 
Tibiofibular Complex

The distal syndesmotic ligament complex con-
sists of the anterior inferior tibiofibular ligament 
(ATIFL), the inferior interosseous ligament 
(IIOL) and the posterior tibiofibular ligament 

(PTIFL). The ATIFL and PTIFL run, respec-
tively, from the anterior and posterior sides of the 
distal tibia and of the distal fibula (McKiernan 
et  al. 2017) (Fig.  1). The distal tibiofibular or 

a b c

Fig. 5 (a–c) Normal CFL. (a) On a long-axis US image 
with the foot in dorsiflexion, the normal CFL (arrows) is 
running from the distal fibula (F) to the calcaneus (C). The 
ligament is positioned deep to the peroneal tendons (P). 

(b, c) Consecutive coronal PD MR images (from anterior 
to posterior) show the proximal (b) and distal (c) attach-
ments of the CFL (arrow) running deep to the hypointense 
(dark) peroneal tendons

Fig. 6 Normal CFL. On the axial PD MR image obtained 
with the foot in plantar flexion (passing through the talo-
calcaneal joint), the CFL (arrows) has a horizontal course 
and can be visualised through its whole length (on a single 
transverse view)

Injuries of the Ligaments and Tendons in Ankle and Foot



516

syndesmotic ligament complex is less frequently 
injured (in up to 18% of cases in athletes). These 
injuries also referred to as “high ankle sprains” 
more typically occur in twisting injuries of the 
ankle and are common in skiing and football. 
The trauma mechanism is external rotation of the 
foot in dorsiflexion combined with internal rota-
tion of the knee. The ATIFL is the first to tear 
followed by the stronger PTIFL. Bone avulsion 
is frequent in syndesmotic injury; a PTIFL tear 
for example will often start at the posterolateral 
tibial insertion. Posterior malleolar fracture is a 
type of syndesmotic injury where the PTIFL 
remains intact. Tibiofibular ligament injury may 
be a cause of persistent pain prolonging absti-
nence of activity. Syndesmotic ligament sprains 
are often overlooked; they are associated with a 
substantially longer recovery time compared 
with current lateral ankle sprains. An early and 
accurate imaging diagnosis is therefore critical to 
guide patient treatment (Nussbaum et  al. 2001; 
Linklater et  al. 2017; Mansour et  al. 2011; 
Roemer et al. 2014).

Imaging Radiographs or CT may depict the 
bony avulsions and fractures as well as widen-
ing of the tibiofibular space. This should not 
exceed 2 mm at the narrowest interval (Fig. 9). 
After scar formation there may be bony hyper-
trophy at the tibial attachment of the PTIFL (De 
Brucker and Shahabpour 2016; Linklater et al. 
2017). On ultrasound the ATIFL is located right 
above the level of the ATFL on the anterior side 

of the ankle (Fig. 1). It appears as a thin hyper-
echoic band with a width of 2  mm, running 
slightly oblique to the axial plane (Döring et al. 
2018) (Fig. 10). When injured it is thickened or 
interrupted with an anechoic cleft. Dorsiflexion 
and external rotation of the ankle during ultra-
sound may help making the diagnosis as it will 
further widen the tibiofibular interval in case of 
tear. On MRI, the chronically injured ATIFL 
can be infiltrated by scar tissue (Fig. 11), some-
times leading to a nodular thickening of the 
fibrous scarred ligament, that may result in 
residual ankle stiffness (McKiernan et al. 2017; 
Linklater et  al. 2017; De Brucker and 
Shahabpour 2016).

The other syndesmotic ligaments are not visi-
ble on ultrasound and have to be assessed on 
MRI. The IIOL is best visualised in the coronal 
plane while the PTIFL can be visualised in both 
axial and coronal planes. Bone marrow oedema 
is often present at the tibial insertion of the 
injured PTIFL (Linklater et al. 2017).

1.3  Deltoid Ligament Complex

The deltoid ligament is a fan-shaped ligamentous 
complex on the medial side of the ankle joint 
which comprises multiple individual ligaments. 
They can be divided into deep and superficial 
ligaments. The deep deltoid ligament is further 
subdivided into an anterior and a posterior tibio-
talar component which runs from the medial mal-
leolus to the medial side of the talus. The 
tibiocalcaneal, tibiospring and tibionavicular lig-
aments make up the superficial deltoid ligament 
(Fig. 12). Tears of the deltoid (or medial collat-
eral) ligament complex occur more often in pro-
nation trauma and fractures of the medial 
malleolus. Injury to the deltoid ligament is less 
common in inversion trauma, where the proposed 
mechanism of injury is contusion. Deltoid liga-
ment lesions secondary to ankle inversion are 
often associated with medial-sided talar dome 
contusions. Injuries of deltoid ligament have a 
significant impact on lateral ankle instability but 

Fig. 7 CFL sprain. Long-axis US image (arrows) demon-
strates a thickened and hypoechoic CFL with increased 
Doppler signal

A. Van Royen et al.



517

a b

c d

Fig. 8 (a, b) CFL tear. Consecutive (anterior to posterior) 
coronal PD (a, b) and PD fat sat (c, d) MR images through 
the posterior and distal part of the fibula show an infiltra-
tion of the submalleolar fat tissues along the normal 

course of the CFL. The CFL and surrounding oedematous 
infiltration (arrow) present an increased signal intensity 
(intermediate on PD and higher on PD fat sat)
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can be overlooked in patients with lateral liga-
ment injuries. The deltoid ligament can be injured 
in isolation, but in more severe injuries, there is a 
fibular fracture or an associated tear of the 
 tibiofibular syndesmosis (Roemer et  al. 2014; 
Crim 2016; Mansour et al. 2011).

Imaging The posterior tibiotalar ligament can 
be visualised on US posterior to the medial mal-
leolus and located deep to the posterior tibial ten-
don. The superficial ligaments are also easily 
demonstrated on US (Fig. 13a). On MRI the nor-
mal deep posterior tibiotalar ligament has a 

a b

Fig. 9 (a, b) Tibiofibular syndesmotic injury. Transverse 
(a) and sagittal (b) plain CT images depict small bony 
avulsion at the tibial attachment of PTIFL (arrow). The 

posterior tibiofibular interval is widened secondary to the 
syndesmotic injury. Tiny bone avulsions (short arrows on 
a) are also seen at the ATIFL

F T

Fig. 10 Normal ATIFL (arrows) on a transverse US image with oblique positioning of the probe with the foot in dor-
siflexion (F fibula, T tibia)
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a b

Fig. 11 (a, b) ATIFL and PTIFL sprain. Transverse PD 
fat sat (a) and PD (b) MR images show thickened and 
infiltrated fibular insertion of both ligaments with slight 
inhomogeneous signal increase (ATIFL, white arrow; 

PTIFL, arrowheads on b). This is associated to irregular 
anterior and posteromedial cortical outline of the fibula 
(dark arrows on b)

a b

FHL
FDL

PTT

Fig. 12 (a, b) Deltoid ligament complex on (a) sagittal 
drawing demonstrating the deep posterior tibiotalar liga-
ment (pTTL) and the superficial bundles: tibionavicular 
ligament (TNL), tibiospring ligament (TSL) and tibiocal-
caneal ligament (TCL). The main superomedial calcaneo-
navicular portion (smCNL) of the spring ligament 
complex is also displayed. (b) is a coronal drawing show-
ing the deep anterior tibiotalar ligament (aTTL) and the 

more superficial TSL originating from the anterior seg-
ment of the medial malleolus and inserting on the 
smCNL. Between the smCNL and the distal portion of the 
posterior tibial tendon (PTT), there is a gliding zone (gl) 
for the PTT which is covered by the FR (flexor retinacu-
lum). FDL flexor digitorum longus, FHL flexor hallucis 
longus. (Redrawn from Mengiardi)
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striated appearance with multiple hyperintense 
fatty bands running through the ligament. The 
normal superficial bundles are thinner with a 
 homogeneous low signal intensity (Fig.  13b). 
Loss of striated appearance of the deep posterior 
tibiotalar ligament or interruption of the fibres 

indicates ligament injury (Fig.  14). Chronic 
lesions of the thinner superficial bands appear as 
periligamentous infiltration with a thickened 
appearance due to scar tissue infiltration (Fig. 14). 
After ligament repair, the deltoid ligament may 
be hypertrophic causing medial-sided 

a b

Fig. 13 (a, b) Normal deltoid ligament on (a) coronal US 
image and (b) coronal PD MR image. The deeper tibiota-
lar bundle (arrows) has a fan-like striated appearance with 
fatty interdigitations. This should not be mistaken for 

injury. The tibiocalcaneal bundle is more superficial and 
thinner with a homogeneous low signal intensity on MRI 
(arrowheads)

a b

Fig. 14 (a, b) Partial tear of the deltoid ligament on coro-
nal T2 (a) and PD fat-sat (b) MR images. The focal mark-
edly hyperintense gap (arrows) corresponds to the 
interrupted fibres of the deep tibiotalar bundle. The still 
continuous fibres of this bundle demonstrate a slightly 
oedematous infiltration with increased signal (especially 

on PD fat sat) with loss of striated appearance. The super-
ficial tibiocalcaneal bundle (arrowheads on a) has a thick-
ened appearance with irregular outline and inhomogeneous 
signal on PD fat sat (b) and low signal on T2 (a) corre-
sponding to chronic elongation (sprain)
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impingement. Focal ossification within the 
scarred ligament is also described after healing 
(Linklater et al. 2017; Mansour et al. 2011; Crim 
2016) (Fig. 15).

1.4  Subtalar Ligaments

The intrinsic ligaments of the sinus tarsi are the 
interosseous talocalcaneal ligament and the cer-
vical ligament. They prevent inversion and pre-
serve ankle alignment. The medial root of the 
inferior extensor retinaculum runs above these 
two ligaments covering the sinus tarsi. The inter-
osseous talocalcaneal ligament runs from the tar-
sal sulcus to the calcaneal sulcus and is found 
posteromedially in the sinus tarsi. The cervical 
ligament is positioned more anterolaterally con-
necting the superior surface of the calcaneus to 
the inferolateral aspect of the talar neck (Fig. 16). 
Damage to these ligaments occurs after forced 
inversion of the ankle resulting in sinus tarsi syn-
drome. Patients present an elective pain and ten-
derness in the subtalar area, usually without signs 
of tibiotalar instability. They complain of a feel-
ing of walking insecurity with pure subtalar 
instability aggravated by weight-bearing activity. 
The symptoms are often responsive to injection 
of local anaesthetic. Most cases arise following 
trauma, but the syndrome can be associated with 
inflammatory arthritis or foot deformities such as 

pes planus. Associated features include lateral 
ligament tears, posterior tibial tendon tears and 
ganglia arising from the posterior subtalar joint. 
Conservative treatment consists of corticosteroid 
injections, along with physiotherapy and correc-
tion of foot biomechanics. Sinus tarsectomy or 
subtalar joint synovectomy is reserved for persis-
tent symptoms (Teh et al. 2011).

Imaging US does not allow visualisation of the 
ligaments themselves but fluid or scar tissue in 
the sinus tarsi may be indirect signs of ligament 
injury. MRI is the modality of choice to evaluate 
sinus tarsi syndrome. T1 and PD images can 
demonstrate replacement of the normal fatty tis-
sue present in the sinus tarsi with fluid or inflam-
matory tissue, resulting in decrease of signal 
intensity on T1 and increase on T2. Tear of the 
cervical ligament is best seen on sagittal images 
while tear of the interosseous ligament is better 
visualised on coronal images. Chronic cystic dis-
tension or secondary osteoarthritis may also 
develop in an unstable joint (Döring et al. 2018; 
Mansour et  al. 2011; Nazarenko et  al. 2013) 
(Fig. 17).

1.5  Spring Ligament

The spring ligament, together with the posterior 
tibial tendon, is an important stabiliser of the 

a b c

Fig. 15 (a–c) Sequela of deltoid ligament tear. Coronal 
CT reconstruction (a) detects an osseous fragment at the 
talar insertion of the deep fibres of the deltoid ligament 
(arrow). Coronal PD fat sat (b) and PD (c) demonstrate 
loss of the striated pattern of the tibiotalar bundle (arrow 

on b) and the bony avulsion on the medial side of the talus 
which has the same signal intensity as the other bone 
structures (short arrow). The tibiocalcaneal bundle looks 
partially fissured on PD (arrowheads on c)
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medial plantar arch of the foot. Three different 
ligaments make up the spring ligament: the 
superomedial calcaneonavicular, medioplantar 
calcaneonavicular and inferoplantar calcaneona-

vicular ligaments. Acute injury of the spring liga-
ment is uncommon and usually involves the 
superomedial calcaneonavicular ligament, which 
is also functionally the most important. The 

a

c

b

Fig. 16 (a–c) Subtalar ligaments. (a) Coronal PD MR 
image through the posterior part of the sinus tarsi demon-
strates the interosseous talocalcaneal ligament (arrow) 
running posteromedially. (b) Coronal PD MR through the 

anterior part of the sinus tarsi shows the cervical ligament 
coursing anterolaterally (arrow). (c) Sagittal PD MR 
through the sinus tarsi also depicts the cervical ligament 
(arrow)
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superomedial bundle connects the superomedial 
edge of the sustentaculum tali and anterior facet 
of the calcaneus with the navicular bone. Such 
injuries can result in pes planovalgus deformity; 
they are often associated with posterior tibial ten-
dinopathy (Mengiardi et al. 2016).

Imaging US allows imaging of the superome-
dial calcaneonavicular ligament which is a 
slightly hyperechoic structure deep to the pos-
terior tibial tendon (Fig.  18). Abduction and 

pronation of the foot may help to visualise it. 
Os naviculare accessorius may obscure the lig-
ament. On MRI discontinuity of the superome-
dial bundle is best visualised on coronal and 
axial images. Periligamentous infiltration of the 
ligament is nonspecific as it may also indicate a 
chronic stress response in an intact ligament. 
The other two bundles are best demonstrated on 
axial images (Linklater et  al. 2017; Mansour 
et  al. 2011; Crim 2016). Abnormality of the 
spring ligament is often associated with 

a b c

Fig. 17 (a–c) Sinus tarsi syndrome. Coronal PD fat-sat 
(a) and PD (b) MR images of a patient complaining 
2 years after an ankle sprain of persisting elective pain at 
the opening of the sinus tarsi with pure hindfoot instabil-
ity. MR images (through the anterior part of the medial 
malleolus) show an abnormal multiloculated high signal 
collection (small arrows) corresponding to a ganglion cyst 

pushing down the horizontalised cervical ligament (long 
arrow). The cyst extends outside the inferior extensor reti-
naculum which appears thickened with irregular outlines 
(thick arrow). c shows a normal sinus tarsi (with fat signal 
on PD) and cervical ligament (thin low signal oblique 
band)

a b c

Fig. 18 (a–c) Chronic spring ligament tear associated 
with posterior tibial (pt) tendinopathy and tenosynovitis. 
Axial T1 (a) and anterior coronal PD (b) and T2 (c) MR 
images show a chronic thickening and infiltration of 
spring (s) ligament (smCNL). Associated thickening of 

PT tendon is detected on axial T1 behind the spring liga-
ment. The PT tendon sheath is distended by fluid (arrow*) 
on coronal PD (b) and T2 (c). The spring ligament is in 
continuity with and beneath the tibiospring (ts) bundle of 
the deltoid ligament
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advanced posterior tibial tendon injury (Balen 
and Helms 2001) (Box 2).

2  Midfoot Ligament Injuries

2.1  Chopart Joint Ligaments

The Chopart ligament complex is located between 
the hindfoot and midfoot. It consists of the talona-
vicular and calcaneocuboid joints. The talonavic-

ular joint is stabilised by the bifurcate ligament, 
the dorsal talonavicular ligament and the spring 
ligament. The dorsal talonavicular ligament is a 
capsular thickening on the dorsal side of the joint 
(Fig. 19). The bifurcate ligament has two bundles: 
a lateral calcaneocuboid bundle and a medial cal-
caneonavicular bundle supporting both joints 
(Fig. 20). Dorsal and plantar calcaneocuboid liga-
ments further stabilise the calcaneocuboid joint. 
The dorsal calcaneocuboid ligament is a broad 
band on the lateral side of the midfoot, inferior to 
the bifurcate ligament (Döring et al. 2018).

Half of the midfoot sprains are due to sports 
injuries, and females are generally at higher risk 
than males. They commonly occur after low- 
energy inversion injury (such as a missed step) 
causing distraction of the dorsolateral side of the 
calcaneocuboid joint. Inversion results in injury 
of the bifurcate and dorsal calcaneocuboid liga-
ments. When inversion happens with the ankle in 
plantar flexion (as in ballet dancing or when 
wearing high heels) the dorsal talonavicular liga-
ment is often involved. Osseous avulsions are fre-
quent in these kinds of sprain. Typical sites of 
avulsion are the anterior process of the calcaneum 
in case of dorsal calcaneocuboid or bifurcate lig-
ament injury and dorsal navicular or talar avul-
sion in case of dorsal talonavicular ligament tear. 
Eversion of the foot (less common mechanism) 
may lead to compressive impaction injury of the 
calcaneocuboid joint, producing impaction frac-
tures of the anterior process of the calcaneus and 
posterolateral cuboid, referred to as “nutcracker” 
injuries (Walter et al. 2018; Linklater et al. 2017).

Imaging On MRI both the bifurcate (Fig.  20) 
and calcaneocuboid ligaments are well visualised 
in different planes while the dorsal talonavicular 
ligament is best seen on sagittal images (Fig. 19). 
These superficial ligaments can easily be assessed 
with ultrasound. On MRI bone marrow oedema 
at the site of avulsion is indicative of ligamentous 
injury. Subchondral bone oedema along the 
Chopart joint may be present following bone 
contusion. Small avulsion fracture fragments 
detected at typical locations on standard radio-
graphs and CT provide the first clue to the diag-
nosis (Walter et al. 2018; Linklater et al. 2017).

Box 2 US and MRI for Ligaments

Ultrasound
• Excellent for superficial soft-tissue inju-

ries of ankle and foot.
• Dynamic ultrasound (US) helps differ-

entiate partial from complete tears in 
acute setting and assess ankle stability.

• Deep ligaments cannot be visualised 
(e.g. in sinus tarsi).

• In persisting pain after ankle sprain, 
dynamic US can detect peroneal tendon 
dislocation (missed on static MRI).

• No radiation, cheap, quick and accessi-
ble but user dependant.

MRI
• High sensitivity and specificity for liga-

ment injuries.
• Allows visualisation of associated intra- 

articular lesions and bone abnormalities 
(including BME).

• Advantage of MRI is the detection of 
painful unstable fragments (showing 
BME).

• Useful in workup of chronic post- 
traumatic pain caused by synovitis, 
impingement or OCL.

• May be necessary to assess structures 
that cannot be imaged with ultrasound 
(as for subtalar ligaments).

• Allows imaging with a larger field of 
view than ultrasound with assessment of 
adjacent structures.

• But is a static imaging modality.
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2.2  Lisfranc Ligament Injuries

The Lisfranc ligament complex runs obliquely 
from the medial cuneiform to the base of the 
second metatarsal and has three components: 
an interosseous ligament, as well as a plantar 
and a dorsal ligament (Döring et  al. 2018) 
(Fig. 21).

Lisfranc sprains are low-energy injuries com-
monly seen in football, basketball, gymnastics and 
ballet dancing. Injuries result from axial loading to 
the foot with the foot in plantar flexion. These kind 
of sprains can be very subtle injuries, easily over-
looked on imaging. Early detection is important as 
they can result in midfoot instability and early 
osteoarthritis (Linklater et al. 2017).

a b c

Fig. 19 (a–c) Dorsal talonavicular ligament. (a, b) 
Sagittal T1 and STIR MR images display a normal dorsal 
talonavicular ligament (arrow). The ligament is thin and 
hypointense on both sequences. (c) Sagittal STIR of 
another patient demonstrates a dorsal talonavicular liga-

ment sprain. The ligament is markedly thickened and has 
an increased signal intensity. This is associated with a 
focal fluid distension of the dorsal talonavicular joint 
recess (arrow)

a b

Fig. 20 (a, b) Bifurcate ligament. (a) Sagittal PD MR image depicts the calcaneonavicular component (arrow). (b) 
Axial PD shows the calcaneocuboid component (arrow)
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Imaging Lisfranc sprains can be suspected on 
radiographs when there is abnormal midfoot 
alignment or widening of the interval between 
the base of the first and second metatarsals or 
between the medial cuneiform and second meta-
tarsal. Comparative weight-bearing radiographs 
increase sensitivity. Bony avulsions between the 
medial cuneiform and second metatarsal are also 
indicative of a sprain. Preoperative CT is often 
performed to assess complex fractures or to rule 
out occult fractures. MRI allows interpretation of 
the different components of the Lisfranc ligament 
complex which are best visualised in axial 
oblique plane along the axis of the foot or in cor-
onal plane (Fig. 21). Bone marrow oedema may 
be present in cases of bony avulsion, indicating 
that the avulsed fragment might be unstable 
(Kitsukawa et  al. 2015; Llopis et  al. 2016; 
Linklater et al. 2017) (Fig. 22).

3  Forefoot Ligament Tears

3.1  First Metatarsophalangeal 
Joint Ligaments

Much stress is exerted on the first metatarso-
phalangeal (MTP I) joint during running and 
jumping. Consequently injury of the MTP I 
joint ligaments is frequent in sports. Ligaments 

withstanding these forces include the medial 
and lateral sesamophalangeal ligaments and the 
medial and lateral collateral ligaments. The col-
lateral ligaments are formed by a proper collat-
eral ligament (metatarsophalangeal) more 
anteriorly and a metatarsosesamoid ligament 
more posteriorly. The intersesamoid ligament 
connects both sesamoid bones. These ligaments 
together with other fibrocartilaginous structures 
form the “plantar plate” of the hallux. The plan-
tar plate is a stabiliser on the plantar side of the 
joint with a strong distal attachment on the base 
of the proximal phalanx and a looser proximal 
attachment to the metacarpal head (De 
Maeseneer et  al. 2018a; Linklater et  al. 2017; 
Srinivasan 2016).

Injury to any component of the plantar plate is 
termed “turf toe”. The term turf toe was intro-
duced as a forced hyperextension injury on artifi-
cial turf surface. The most common type of injury 
mechanism is valgus and hyperextension result-
ing in bony avulsion at the metatarsal insertion or 
tear of the medial collateral ligament. Isolated 
injury to the plantar plate is frequent after trau-
matic hyperextension (De Maeseneer et  al. 
2018a; Linklater et al. 2017).

Imaging Radiography is often normal in MTP I 
ligament injury. Comparative radiographs may 
show subtle differences in sesamoid position or 

a b c

Fig. 21 (a–c) Normal Lisfranc ligament (arrow) detected 
on transverse PD MR images along the midfoot (a, 
zoomed on b) extending from the medial cuneiform (MC) 
to the base of the second metatarsal (MT II). Coronal T2 

(c) proximal to the tarsometatarsal I joint demonstrates 
the three components of the Lisfranc ligament: dorsal 
(short arrow), interosseous (arrow) and plantar (dashed 
arrow) ligaments
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alignment as well as bony avulsion. Medial col-
lateral ligament tear may also result in acute hal-
lux valgus. On MRI plantar ligaments are readily 
visualised in the sagittal plane. The metatarso-
sesamoid ligament is best demonstrated in a cor-
onal plane perpendicular to the hallux whereas 
the proper collateral ligament is better seen in a 
longitudinal (axial) plane along the foot axis. 
Partial ligament tear results in intermediate sig-
nal changes while complete tear causes disrup-
tion with hyperintense signal on fluid-sensitive 
images. Full-thickness tears appear as disconti-
nuity of the plantar plate with a fluid signal in the 
defect (Srinivasan 2016; Linklater et  al. 2017; 
Burge et al. 2012) (Fig. 23).

4  Tendon Disorders

4.1  Lateral Tendons: Peroneal 
Tendons

The peroneus brevis (PB) and peroneus longus 
(PL) tendons arise in the lateral compartment. 
The PB is anterosuperior to the PL tendon and 
passes beneath the fibula within the bony retro-
malleolar groove where the peroneal tendons are 
covered by the superior peroneal retinaculum 
(SPR). Distally, the PL tendon courses medially 
in the peroneal groove of the cuboid to insert into 
the first metatarsal and the medial cuneiform. 
The PB tendon courses laterally to insert into the 

a c

b d

e

Fig. 22 (a–e) Lisfranc injury. Axial CT images at the 
level of the midportion (a) and plantar side (b) of the sec-
ond metatarsal base depict bony avulsions (arrow). On the 
corresponding axial PD fat-sat MR images obtained at the 
same levels (c, d), the bone fragment appears as a central 
hypointense zone (arrow on c) and the plantar Lisfranc 
ligament presents an increased signal (arrow on d). Bone 

marrow oedema is detected in the base of metatarsal II 
(short arrows on c and d) as well as in the medial and 
middle cuneiforms (short arrows on c). Coronal T2 
through the tarsometatarsal I and II joints shows the 
Lisfranc ligaments infiltrated by hypointense scar tissue 
(arrows on e). The short arrow displays the bony fragment 
with fat signal
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base of the fifth metatarsal. The peroneal tendons 
are surrounded by a common synovial tendon 
sheath containing a small amount of synovial 
fluid. The sheath allows smooth gliding of the 
two tendons against the bone structures and 
inside the osteofibrous tunnels during contrac-
tions of the muscles and movements of the foot 
(Bianchi et al. 2010).

Peroneal tendon injuries are common after 
ankle trauma or sports-related activities with 
repetitive microtrauma. Acute peroneal disloca-
tions are misdiagnosed in up to 40% of cases, 
often mistaken for lateral ankle ligament sprains. 
Therefore, they should be considered in every 
patient who presents with chronic persistent lateral 
pain and instability after severe ankle sprain. 
Chronic lateral ankle pain can also be associated 
with pathologic conditions such as peroneal tendi-
nosis or tendinopathy, tenosynovitis, partial- and 
full-thickness tendon tears, peroneal retinaculum 
injuries and tendon subluxations and dislocations. 
These disorders are associated with traumatic inju-
ries (typically inversion), and several chronic dis-
eases. Often patients cannot recall a specific 
traumatic event. They typically present with 
chronic lateral ankle or hindfoot pain that worsens 

with activity. Often several peroneal tendon disor-
ders occur simultaneously, such as a combination 
of tenosynovitis, tendon tear and ankle instability. 
Spontaneous tendon ruptures are typically associ-
ated with pre-existing tendinopathy (Taljanovic 
et al. 2015; Wang et al. 2005; Lee et al. 2013).

Careful clinical examination and imaging 
studies are critical to accurate diagnosis. The ini-
tial imaging evaluation of patients with lateral 
ankle and hindfoot pain and/or injury usually 
consists of radiographs and/or CT, which are 
helpful in diagnosing osseous abnormalities, 
such as avulsion injuries and fractures. CT may 
also show tendinopathy as loss of normal dense 
appearance of peroneal tendons, tendon entrap-
ment at calcaneal or fibular fracture site or tendon 
dislocation from the peroneal groove (Demehri 
et al. 2014). Imaging with high-resolution ultra-
sound and high-field MRI provide superior soft- 
tissue contrast evaluation and ability to perform 
kinematic assessment (Kumar et al. 2017). A nor-
mal tendon has a homogeneous low signal inten-
sity on MRI. It appears hyperechoic on ultrasound 
due to its dense collagen and fibrillar structure 
(Taljanovic et  al. 2015; Wang et  al. 2005; Lee 
et al. 2013; Bianchi et al. 2010).

a b

Fig. 23 (a, b) Turf toe. Coronal (a) and sagittal (b) PD 
fat-sat MR images obtained at the level of the MTP I joint 
detect increased signal in the plantar plate corresponding 
to a partial tear (white arrow). The medial collateral liga-
ment complex has an intermediate signal, characteristic of 

a partial tear (white dashed arrow). Bone marrow oedema 
is depicted in the medial sesamoid (black arrow). The torn 
plantar plate is absent at the distal insertion (black dashed 
arrow)
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4.1.1  Peroneal Tendinosis, 
Tendinopathy 
and Tenosynovitis

Tendinosis (or tendinopathy) of the peroneal ten-
dons represents a noninflammatory degenerative 
process that is most commonly caused by repeti-
tive stress on the lateral ankle tendons in athletes. 
Sporting activities include running, competitive 
walking, ballet dancing, etc. However, the condi-
tion has also been described in older individuals 
with subfibular impingement (as patients with 
diabetic foot, inflammatory or metabolic arthritis 
and individuals with displaced fractures of the lat-
eral malleolus and calcaneus) (Wang et al. 2005; 
Lee et al. 2013; Taljanovic et al. 2015). Patients 
typically present with posterolateral ankle pain 
increasing with activity and improving with rest. 
Clinical examination can reveal tenderness over 
the peroneal tendons; a palpable mass that moves 
with the tendon is suggestive of tendinosis. The 
condition is characterised by thickening and focal 
tendon degeneration and swelling, more com-
monly seen in the inframalleolar portion. There is 
often associated nodular thickening, splits or tears 
of the tendon (Davda et al. 2017).

Imaging Peroneal tendinosis (or tendinopathy) 
is well depicted on both MRI and ultrasound 

(US). It appears on MRI as a tendon thickening 
with intermediate or slightly increased intratendi-
nous signal intensity on proton density (PD) and 
fat-saturated PD.  US depicts a hypoechoic and 
thickened tendon without discontinuity 
(Taljanovic et  al. 2015; Lee et  al. 2013). 
Tendinosis can be associated to a tenosynovitis 
characterised on MRI by an increased signal 
intensity within the distended common peroneal 
tendon sheath. Although a small amount of fluid 
within the tendon sheath could be seen in asymp-
tomatic ankles, a circumferential fluid, more than 
2 mm thick, is commonly seen in symptomatic 
subjects with tenosynovitis (Fig. 24). T1-weighted 
images after administration of intravenous con-
trast or T2-weighted images without fat satura-
tion could help to differentiate mechanical fluid 
(with low signal intensity on T1 with intravenous 
contrast and high and homogeneous signal inten-
sity on T2 without fat saturation) from inflamed 
synovium within the tendon sheath (showing 
contrast enhancement on T1). On US, synovial 
fluid is anechoic, while the thickened and fre-
quently irregular synovium and the inflamed ten-
don appear hypoechoic. Colour Doppler can help 
to determine the degree of activity of the tendon 
sheath inflammation and can detect increased 
vascularity and hyperaemia inside the inflamed 

a b c d

Fig. 24 (a–d) Partial longitudinal peroneus brevis (PB) 
tendon tear and tenosynovitis on axial PD fat-sat MR 
image at retromalleolar (a) and at inframalleolar (b) level 
and on coronal (c) and sagittal (d) PD fat-sat images. The 
PB tendon is split up into two parts (arrowheads on a–c) 

with anterior displacement of the peroneus longus tendon 
between the PB fragments. Associated tenosynovitis 
appears as a distension of the peroneal tendon sheath with 
hyperintense fluid
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synovium or pathological tendon. However, in 
ankle sprain with calcaneofibular ligament tear, 
fluid may accumulate in the common peroneal 
tendon sheath (because of the intimate relation-
ship between the calcaneofibular ligament and 
the common peroneal tendon sheath) and may 
mimic tenosynovitis (Taljanovic et al. 2015; Lee 
et al. 2013; Kijowski et al. 2007).

Stenosing tenosynovitis is due to chronic fric-
tion of the peroneal tendons inside a narrowed 
inferior osteofibrous tunnel. It can be associated 
to a thickening of the peroneal retinaculum, espe-
cially in the presence of hypertrophy of the pero-
neal tubercle or an os peroneum or when the 
patient has undergone ligament repair (Vuillemin 
et al. 2012; Bianchi et al. 2010; Saupe et al. 2007; 
Kijowski et al. 2007; Wang et al. 2005).

4.1.2  Peroneal Tendon Tears
Peroneal tendon tears should be considered in 
every patient who presents with chronic lateral 
ankle pain. Tears occur as a result of trauma 
(including ankle sprains), in tendons with pre- 
existing tendinopathy and in repetitive micro-
trauma due to instability in recurrent subluxation. 
Longitudinal split tears of the PB tendon are 
common in young athletes and in the elderly. PL 
tears are less common than PB tears (Lee et al. 
2013; Taljanovic et  al. 2015; Hallinan et  al. 
2019).

Imaging In full-thickness tears, complete dis-
continuity of the fibres can be depicted with a 
high signal intensity gap. In partial-thickness 
tears, the tendons can be attenuated with frayed 
outlines or thickened with irregular intermediate 
or high signal intensity on MRI (Figs. 24 and 25). 
On US, the tendons appear hypoechoic or 
anechoic, with fluid seen at the site of tearing and 
loss of the normal fibrillar appearance. When it is 
associated with tendon thickening, a partial- 
thickness tear is difficult to distinguish from ten-
dinopathy while tendon thinning is always 
associated with partial-thickness tears. For the 
diagnosis of acute peroneal tendon tears (caused 
by direct trauma or sports-related injury), US is 
proved to be highly effective, and colour Doppler 

can also show hyperaemia when the synovial 
membrane is inflamed (Taljanovic et al. 2015).

Peroneus brevis tendon is located between the 
bony retromalleolar groove and the PL tendon, 
thereby being susceptible to degenerative tears. 
When a tear is initiated, the PL tendon can migrate 
forward into the tendon cleft of the PB (Philbin 
et  al. 2009). Associated conditions of PB tears 
include a decreased space in the retromalleolar 
groove due to a low-lying PB muscle belly, pres-
ence of a peroneus quartus muscle and insuffi-
ciency of the superior peroneal retinaculum 
(SPR). Tears of the PB can also be associated to 
an avulsion fracture of the distal attachment on 
the fifth metatarsal base during ankle inversion 
injury (Lee et al. 2013; Roster et al. 2015).

Imaging On US, key findings include complete 
cleft with the formation of two distinct hemi- 

Fig. 25 Partial longitudinal peroneus brevis (PB) tendon 
tear associated to a slightly convex margin of the posterior 
aspect of the fibula. On axial T1 MR image obtained at the 
retromalleolar level the PB tendon has an abnormal boo-
merang shape with central thinning (arrow) associated to 
anterior displacement of the peroneus longus tendon 
between the PB fragments
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tendons, irregularities of the tendon, or signs of 
associated tenosynovitis. An early form of PB 
longitudinal tear can present a boomerang-shape 
appearance, corresponding to weakening and 
thinning of the central part of the tendon. On 
axial MRI, a longitudinal split of the PB tendon is 
defined as chevron shaped or boomerang shaped, 
partially enveloping the PL tendon (Lee et  al. 
2013) (Fig.  25). Thin 0.5  mm sagittal images 
obtained with 3D sequences can help to delineate 
the full longitudinal extent of peroneal tendon 
tears. Because the peroneal tendons have a curved 
course around the lateral malleolus, magic angle 
artifact and partial volume effect can cause 
falsely increased signal intensity. These could be 
avoided using coronal oblique images (perpen-
dicular to the peroneal tendon course) with 
T2-weighted sequences with longer echo times 
and STIR which are less disturbed than T1 (Wang 
et al. 2005).

Peroneus longus tendon tears (less common 
than PB tendon tears) are most commonly caused 
by acute direct trauma or sports-related injuries. 
They can be partial- or full-thickness tears. 
Isolated PL tendon tears are uncommon. 
Predisposing factors increasing mechanical fric-
tion upon the PL tendon include peroneal tuber-
cle hypertrophy, cavovarus foot deformity and 
peroneus quartus muscle. PL tendon tears most 
frequently occur at the level of the cuboid tunnel 
in the midfoot or the os peroneum (or either distal 
or proximal to the os peroneum) (Wang et  al. 
2005; Lee et  al. 2013; Bianchi et  al. 2010; 
Schubert 2013; Roster et al. 2015) (Fig. 27).

Imaging US or MRI findings of PL tendon 
partial- thickness tears include irregularity of the 
tendon contour, longitudinal split and shredded 
appearance with multiple splits with or without 
fluid gap. Full-thickness tears may be seen as ten-
don discontinuity with retraction of the tendon 
fragments or an empty fluid-filled peroneal ten-
don sheath. Proximal retraction (migration) of an 
os peroneum (which is normally located at the 
level of the calcaneocuboid joint) is a clue for the 
diagnosis of PL complete tear. Associated signs 
of PL tears include hypertrophied peroneal tuber-

cle and subtendinous bone marrow oedema on 
MRI in the tubercle, at the lateral aspect of the 
calcaneus or cuboid (Wang et al. 2005; Taljanovic 
et  al. 2015; Kumar et  al. 2017; Hallinan et  al. 
2019) (Fig. 27) (Box 3).

4.1.3  Anatomical Muscle 
and Osseous Variants 
and Pitfalls

Accurate diagnosis of pathology requires good 
knowledge of the various anatomical variants 
present in the muscles, tendons and osseous 
structures of the ankle and midfoot that may 
mimic pathologies.

• Peroneus quartus muscle (PQ) is the most fre-
quent accessory muscle of the ankle, seen in 
7–22% of patients (Saupe et al. 2007; Hallinan 
et  al. 2019). Its origin includes the posterior 
surface of the fibula or the PL or PB muscle. It 
courses medial and posterior to the peroneal 
tendons. The insertion site includes the ret-
rotrochlear eminence of the calcaneus (most 
common) (Bianchi et al. 2010). Although gen-
erally asymptomatic, the PQ muscle may 
cause crowding and tendon friction in the ret-
romalleolar groove and lead to peroneal tendi-
nopathy or tenosynovitis and to subsequent 
PB tendon partial-thickness and longitudinal 
split tears. Patients can present retromalleolar 
pain and oedema.

Box 3 US and MRI for Tendons
• Dynamic ultrasound (US) aids in diag-

nosis of tendon tears.
• Colour Doppler US can detect neovas-

cularisation in chronically damaged 
tendons.

• MRI can demonstrate all tendons and 
also detect deep tendon injuries.

• Tendon discontinuity is evaluated on 
axial or coronal MR images perpendicu-
lar to the tendon course.

• MRI may show causes of unexplained 
pain.
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Imaging This muscle can be seen on MRI and 
US posteromedial to the peroneus longus and 
brevis and can appear as a small muscle or tendon 
structure, separated from the adjacent peroneus 
muscles by a fat plane (Hallinan et al. 2019).

• Low-lying peroneus brevis muscle belly is an 
anomalous extension of the PB muscle into 
and distal to the retromalleolar fibular groove. 
It may also cause crowding of the groove and 
the same peroneal tendon pathologies as for 
the PQ (Lee et al. 2013; Taljanovic et al. 2015; 
Cheung 2017; Hallinan et al. 2019).

• Peroneus tertius is another accessory muscle 
which lies anterior to the lateral malleolus and 
belongs to the anterior tendon group (see 
below) (Choudhary and McNally 2011).

• Hypertrophy of the peroneal tubercle (a 
bony protuberance located at the lateral 
aspect of the calcaneus) is seen in 40% of 
individuals and separates the PL from the PB 
tendon. A bony prominence greater than 
5  mm is more likely to be symptomatic; it 
may irritate the peroneal tendons and tendon 
sheath and lead to tenosynovitis and rupture 
or development of an adventitial bursa that 
may be inflamed and symptomatic (Wang 
et al. 2005; Lee et al. 2013; Taljanovic et al. 
2015) (Fig. 26).

• Os peroneum is a sesamoid bone within the PL 
tendon, located in the region of the cuboid tun-
nel at the lateral aspect of the cuboid bone. It is 
present in approximately 20% of individuals 
(Choudhary and McNally 2011). An ossified os 
peroneum is seen on up to 30% of foot radio-
graphs and is bilateral in nearly 60% of indi-
viduals. The ossicle may be bipartite or 
multipartite. The term “painful os peroneum 
syndrome” (POPS) includes an acute or chronic 
os peroneum fracture or diastasis of a bipartite 
or multipartite os peroneum (with possible cal-
lus formation), attrition or partial rupture of the 
PL tendon (either distal or proximal to the os 
peroneum) and os peroneum entrapment sec-
ondary to peroneal tubercle hypertrophy. 
Healing of os peroneum fracture or diastasis of 
multipartite os peroneum with callus formation 
can result in a stenosing PL tenosynovitis. 
Patients with POPS present with tenderness 
along the lateral side of the foot at the level of 
the calcaneocuboid joint (Sobel et  al. 1994; 
Roster et al. 2015; Hallinan et al. 2019).

Imaging Os peroneum and POPS are well docu-
mented on standard radiographs, plain CT, US 
and MRI. On radiographs and plain CT, os pero-
neum fragment separation of 6 mm or more sug-
gests an os peroneum fracture and associated 

a b c d

Fig. 26 (a–d) Prominent peroneal tubercle associated to 
longitudinal splitting of the peroneus brevis (PB) tendon. 
Coronal PD fat-sat (a) and PD (b), axial T1 (c) and PD 
fat-sat (d) MR images show a large peroneal tubercle at 

the lateral aspect of the calcaneum (asterisk on a–c). The 
PB tendon is attenuated with longitudinal splitting (short 
arrow on a, b, d) with increased signal of the peroneal 
tendon sheath (long arrow on d)
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full-thickness PL tendon tear. Separation of 
2 mm or less may be seen in undisplaced os pero-
neum fracture and bipartite os peroneum. Bony 
fragments with non- corticated irregular margins 
on radiographs or CT are indicative of a fracture 
(rather than a variant). Os peroneum should also 
be distinguished from avulsion fractures of the 
fifth metatarsal or the cuboid (Sobel et al. 1994; 
Brigido et  al. 2005; Choudhary and McNally 
2011). On US, an ossified os peroneum appears 
hyperechoic with posterior acoustic shadowing 
within the PL tendon. On MRI, an ossified os 
peroneum appears as a small structure with bone 
marrow signal intensity on all sequences and 
should not be confused with PL tendinosis or 

intrasubstance tear. Presence of oedematous 
changes within the ossicle and the surrounding 
soft tissues would be more suggestive of an acute 
fracture or an unstable ossicle (Wang et al. 2005; 
Lee et al. 2013; Donovan et al. 2013; Taljanovic 
et al. 2015) (Fig. 27).

4.1.4  Peroneal Retinaculum Injuries 
and Tendon Dislocation

Peroneal tendon subluxation and dislocation are 
usually from post-traumatic origin and may be 
acute or chronic recurrent. Most dislocations fol-
low sport trauma (typically in skiing, soccer or 
skating). The mechanism of injury is a forceful 

a c

b

Fig. 27 (a–c) Painful os peroneum syndrome (POPS) in 
a female with lateral tenderness at the midfoot level. 
Sagittal PD fat-sat MR image (a) shows hyperintense 
bone marrow signal within the os peroneum (arrowhead) 
indicating fractured or unstable ossicle. A very subtle soft- 

tissue oedema is also displayed along the distal aspect of 
the peroneus longus tendon. Sagittal (b) and axial (c) CT 
images depict inhomogeneous sclerosis and subtle frag-
mentation of the os peroneum (arrowhead)
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dorsiflexion and eversion of the ankle (with con-
comitant reflex forceful contraction of the pero-
neal muscles) causing disruption of the superior 
peroneal retinaculum (SPR) or an avulsion of the 
bone insertion. A convex retromalleolar groove 
and a varus heel are risk factors causing instabil-
ity and tendon pathology (Davda et  al. 2017) 
(Figs. 28 and 29). Patients present with a swollen 
ankle and elective pain at the posterolateral 
aspect of the ankle and sometimes a popping or 
snapping sensation. The clinical diagnosis can be 
difficult in the acute patient, while early surgical 
treatment is warranted, particularly in young ath-
letes, to restore an optimal function of the ankle 
(Bianchi et  al. 2010; Khoury et  al. 2007). 
Peroneus brevis (most commonly), peroneus lon-
gus or both tendons may dislocate anteriorly. The 
tendons may also remain in the fibular groove but 
sublux and reverse their anatomic location within 
the peroneal groove (snapping over one another 
with an audible click and retromalleolar pain), a 

condition termed “retromalleolar intrasheath 
subluxation” (Khoury et al. 2007; Bianchi et al. 
2010; Taljanovic et al. 2015).

The diagnosis of peroneal retinaculum tear 
associated with tendon subluxation or dislocation 
and lateral ankle instability is frequently missed 
after acute ankle sprains and should be consid-
ered in patients presenting chronic persistent lat-
eral ankle pain and instability. Repeated 
subluxations often lead to PB tendon damage. 
The sharp posterolateral edge of the fibula can 
create a small hole in the tendon as it repeatedly 
subluxes over the ridge that can result into a lon-
gitudinal tear. The presence of a peroneus quartus 
muscle can also increase SPR laxity, which in 
turn can increase the risk for subluxation (Roster 
et al. 2015).

Imaging Because of the dynamic approach, US 
is the imaging method of choice. The foot should 
be actively dorsiflexed and everted while the 

a b

Fig. 28 (a, b) Peroneal tendon dislocation in a netball 
player with a previous history of fibula fracture. The 
patient felt a sudden “pop” at the lateral ankle after a fall 
during a game. Axial T1 (a) and PD fat-sat (b) MR images 
show anterior dislocation of the peroneal tendons (arrow) 
underneath the peroneal retinaculum. The retinacular tear 

appears as a hypointense infiltration of the perimalleolar 
fat on T1-WI with heterogeneous signal increase (on PD 
fat sat). Chronic post-traumatic deformity of the distal 
fibula is also demonstrated with subtle bone marrow 
oedema (intense on b). Note also sprain of the fibular 
attachment of PTF ligament
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radiologist applies an opposing force on the lat-
eral aspect of the hindfoot. MRI only shows asso-
ciated signs as peritendinous oedematous 
infiltration of the peroneal retinaculum (Fig. 29) 
and most often misses the diagnosis (Taljanovic 
et al. 2015).

4.2  Medial Flexor Tendons

The medial tendons are flexor tendons located on 
the medial side of the ankle behind the medial 
malleolus. They consist of the posterior tibial 
tendon (PTT), the flexor digitorum longus tendon 
(FDL) and the flexor hallucis longus tendon 
(FHL), respectively, from medial to lateral and 
from anterior to posterior (to remind as “Tom”, 
“Dick” and “Harry”). All tendons are surrounded 
by individual tendon sheaths and pass through 
the tarsal tunnel limited by the posteromedial 
aspect of the distal tibia and the overlying flexor 
retinaculum (Bianchi et  al. 2005; Crim 2016) 
(Fig. 12).

4.2.1  Posterior Tibial Tendon 
Dysfunction

The PTT is the largest tendon of the group (twice 
larger than the FDL). The posterior tibial muscle 
is the most important dynamic stabiliser of the 

medial longitudinal arch of the foot (together 
with the spring ligament complex). Sports-related 
PTT injury most commonly presents as acute 
tenosynovitis related to overuse. Tenosynovitis 
may develop in sports with high stress or repeti-
tive activities as soccer, basketball, running, ice 
hockey, gymnastics and ballet dancing. PTT rup-
ture is rare in this younger athletic population and 
is usually acute and typically located near the 
navicular insertion (Soliman et al. 2019; Khoury 
et  al. 2007). Most PTT pathologies are chronic 
degenerative abnormalities; they occur most 
commonly in middle-aged women over weight 
presenting pre-existing or progressive flatfoot 
deformity with chronic stress on the tendon. 
Degenerative PTT tears are located at the level of 
the medial malleolus and are a common cause of 
chronic medial ankle pain, almost always associ-
ated with abnormalities of the spring or deltoid 
ligament or flexor retinaculum (Gluck et  al. 
2010). Tears follow a predictable progression, 
starting with tenosynovitis, tendinosis with mild- 
to- severe degeneration progressing to intrasu-
bstance splitting, and partial and complete tear. 
As the tendon abnormalities progress, the patients 
also develop elongation and insufficiency of the 
spring ligament and finally the deltoid ligament 
(Balen and Helms 2001; Crim 2016). PTT inju-
ries are common but often missed; however early 

a b
Fig. 29 (a, b) Chronic 
peroneus brevis tendon 
dislocation in an 
18-year-old wall climber 
on axial T1 (a) and PD 
fat-sat (b) MR images 
(arrow). The patient fell 
down with forceful 
dorsiflexion and 
eversion of the ankle
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detection of PTT injuries and appropriate treat-
ment are necessary to prevent disease progres-
sion to flatfoot deformity, chronic foot and ankle 
dysfunction and subsequent severe disability 
(Khoury et al. 2007).

Using a combination of the clinical stages 
described by Johnson and Strom and the imag-
ing findings (on radiographs, US and MRI), 
PTT dysfunction can be subdivided into four 
stages:

• In stage I, patients may present medial foot 
and ankle pain, swelling and mild weakness 
but no deformity. Stage I is characterised by 
tendinosis or tenosynovitis (the last may be 
acute and symptomatic particularly in the 
younger athletic population).

Imaging On US, a small amount of compress-
ible, anechoic, physiological fluid can normally 
be seen in the PTT sheath; however, this should 
be less than 1–2 mm thick and never circumfer-
ential. Tenosynovitis is described when a circum-
ferential amount of fluid with more than 2 mm 
thickness is detected. The sheath often has an 
irregular, lobulated outline and there may be syn-
echiae visible within the fluid (Donovan and 
Rosenberg 2009; Crim 2016). Tenosynovitis may 
appear as a hypoechoic ring surrounding the ten-
don within the PTT sheath, corresponding to 
complex fluid with associated hyperechoic debris 
or thickened synovium. This may occur with or 
without hyperaemia on colour Doppler (Soliman 
et al. 2019). Tendinosis appears hypoechoic and 
can lose its normal defined fibrillar architecture. 
On MRI, tendinosis is characterised by slightly 
increased signal intensity on T2 (less than fluid). 
In degenerative tears, longitudinal splits (with 
high signal intensity streaks between the tendon 
fibres) can develop and the tendon becomes 
thickened with a fusiform enlargement (Fig. 30). 
Increased signal on short TE sequences (as T1 
and proton density) seen in early degeneration 
may be difficult to differentiate from magic angle 
effect. Some authors perform MRI in the prone 
position with the ankle in plantar flexion to avoid 
this effect. Coronal oblique planes perpendicular 
to the oblique PTT course can be obtained to 

decrease partial volume effect (Crim 2016; 
Mengiardi et al. 2016).

• In stage II, patients have difficulty and pain 
when standing on their toes, with inability to 
perform a single heel rise test. It is described 
as tendon elongation with tendon lengthening 
and laxity in Johnson and Strom clinical 
staging.

Imaging A fixed pes planus can be demon-
strated on weight-bearing radiographs. US and 
MRI can detect a significant PTT attenuation 
(Fig. 30) corresponding to severe PT tendinosis, 
partial-thickness tear or partial rupture. Partial-
thickness tears and longitudinal split tears pres-
ent on US as linear hypoechoic or anechoic clefts 
(Soliman et  al. 2019; Mengiardi et  al. 2016; 
Cheung et  al. 1992; Schweitzer and Karasick 
2000).

• In stage III, patients develop a clinically rigid 
and radiographically fixed hindfoot planoval-
gus deformity and subtalar joint osteoarthrosis 
and talocalcaneal impingement.

Imaging A PTT rupture is demonstrated on US 
and MRI as a tendon gap filled with fluid and 
with associated proximal and distal retraction of 
the opposing tendon stumps. The differential 
diagnosis with partial-thickness tear can be vali-
dated by the dynamic manoeuvres of US (Soliman 
et al. 2019) (Figs. 30 and 31).

• Stage IV introduced by Myerson occurs when 
the rigid and fixed hindfoot planovalgus pro-
gresses to extra-articular lateral hindfoot 
impingement with talocalcaneal impingement 
and progressively subfibular impingement 
(that can also affect the adjacent peroneal ten-
dons) (Mengiardi et  al. 2016; Soliman et  al. 
2019; Donovan and Rosenberg 2009; Gluck 
et al. 2010).

4.2.2  Flexor Retinaculum Injuries 
and Dislocation of PTT

The flexor retinaculum is an important structure 
for preventing subluxation, dislocation and 
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bowstringing of the flexor tendons of the ankle. It 
maintains the position of the flexor tendons pos-
terior to the medial malleolus. It is located proxi-
mal and superficial, forming a roof to the tarsal 
tunnel. It is immediately superior to the medial 
malleolus and attaches on the posteromedial cor-
ner of the tibia. The PTT continues inferiorly dis-
tally to the medial malleolus within the tarsal 
tunnel (Soliman et al. 2019).

Flexor retinaculum injuries are often associ-
ated with a tear of the superficial deltoid ligament 
or with ankle fractures. Tears of the flexor reti-
naculum are uncommon but important because 
they result in PTT subluxation or dislocation. 
This is the second most common dislocation of 
ankle tendons after peroneal tendons. An isolated 
tear of the flexor retinaculum is rare and may 
occur because of a twisting injury often with dor-
siflexion. It is often lately diagnosed. The PTT is 
often but not always subluxed medially. The ret-
romalleolar groove is usually shallow in patients 
who dislocate the PTT (Crim 2016; Schweitzer 
and Karasick 2000). Acute dislocation or recur-

rent subluxation of the PTT is most commonly 
seen in athletes and is often the result of a trau-
matic event or repetitive microtrauma. It may 
destabilise the PTT resulting in abrasion against 
the sharp posteromedial border of the tibia and 
development of interstitial tears, which can prog-
ress to complete tear. It is rare for the tendon to 
dislocate in the absence of ankle fracture (Gluck 
et al. 2010; Khoury et al. 2007).

Imaging A small avulsion fracture at the inser-
tion of the flexor retinaculum on the medial mal-
leolus can be visualised on radiographs or 
CT.  Dynamic ultrasound is superior to MRI in 
diagnosing PTT dislocation. On US, the normal 
flexor retinaculum appears uniformly thin and 
hyperechoic. In PTT dislocation, the flexor reti-
naculum may appear thickened, hypoechoic or 
absent. Occasionally, an associated cortical avul-
sion can be seen as an adjacent, usually linear, 
hyperechoic osseous fragment. In chronic inju-
ries of the flexor retinaculum, chronic sublux-
ation or chronic tenosynovitis, the sonographic 
finding of cortical irregularity may be seen along 
the distal medial tibia corresponding to the 
hypertrophic ridge or associated periosteal reac-
tion. MRI of isolated flexor retinaculum injury 
shows focal discontinuity of the retinaculum, 
reliably occurring at its insertion on the postero-
medial corner of the tibia (Soliman et al. 2019; 
Crim 2016).

4.2.3  Accessory Navicular Syndrome 
and PTT Injuries

The accessory navicular bone (also called os tib-
iale externum) is the second most common 
accessory bone of the foot with reported preva-
lence from 4% to 21%. It is bilateral in 50% of 
cases and best detected on anteroposterior (AP) 
radiographs of the foot. Three types have been 
reported based on morphology with their own 
characteristic imaging appearance and clinical 
significance. Although most patients with an 
accessory navicular do not have symptoms, both 
types II and III increase the risk of PTT dysfunc-
tion and resultant pes planus. Symptomatic 
accessory navicular typically develops in young 
athletes and like previously mentioned, PTT 

Fig. 30 Classification of PT tendon ruptures: partial 
(type I hypertrophic; type II atrophic) and complete (type 
III) rupture. (Redrawn from Rosenberg)
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tears in young athletes are usually located at the 
navicular insertion (Chan et  al. 2019; Aparisi 
Gómez et  al. 2019; Nwawka et  al. 2013; Jegal 
et al. 2016; Khoury et al. 2007).

• Type I (30%) is a small ossicle located within 
the distal portion of PTT. It has no cartilagi-
nous or fibrous connection to the medially 
located navicular tuberosity and is not associ-
ated with tendon abnormalities; it is usually 
asymptomatic.

Imaging Type I shows normal bone marrow sig-
nal with a thin hypointense cortical outline on 
MRI (Aparisi Gómez et al. 2019; Nwawka et al. 
2013).

• Type II is the most common variant (50%) 
and is also called os naviculare with an esti-
mated prevalence of 2–12%. It consists of a 
triangular or heart-shaped unfused accessory 
ossification centre separated from the navicu-
lar tubercle by a 1–2 mm thick synchondro-
sis. The ossicle has a broad articulating facet 
with the navicular tuberosity. The PTT 

attaches at least partly to the ossicle. Type II 
accessory navicular is the most commonly 
symptomatic. Clinical symptoms (medial-
sided midfoot pain and shoe irritation) may 
be attributed to repetitive shearing stress in 
the synchondrosis transmitted through the 
powerful PTT, resulting in disruption of the 
synchondrosis. The biomechanical stress on 
the PTT fibres will increase the risk of chronic 
PTT tendinosis and tears followed by flat foot 
deformity.

Imaging The “accessory navicular syndrome” 
(also called “painful os naviculare syndrome” or 
PONS) is characterised by irregularity or widen-
ing of the synchondrosis and subjacent sclerosis 
well demonstrated on radiographs or CT. CT may 
also show degenerative changes at the synchon-
drosis and increased bone density and fragmenta-
tion of the ossicle. Either MRI or US can assess 
the condition of PTT and its attachment site rela-
tive to the accessory ossicle. A major advantage 
of MRI over US and radiographs is the ability to 
detect associated bone marrow oedema within 
the ossicle (which may  indicate instability) and/
or the navicular tuberosity (Fig.  32). Be aware 

a b
Fig. 31 (a, b) Complete 
rupture of posterior 
tibial tendon (PTT) in a 
50-year-old female 
presenting an acquired 
flatfoot. Coronal (a) and 
axial (b) PD fat-sat MR 
images show absence of 
the PTT at 
inframalleolar level with 
increased fluid in the 
tendon sheath (asterisk) 
and surrounding fat 
tissues
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that when bone marrow oedema is present, a 
small type II ossicle is easily overlooked on fat-
saturated sequences (and sometimes on T1). 
Therefore a gradient echo sequence could be per-
formed in the same plane to detect increased tra-
beculations due to increased susceptibility 
artefacts. Besides, MRI should be interpreted 
together with radiographs or CT.  The synchon-
drosis is often only mildly widened (or is normal 
in width) but contains fluid signal on 
MRI. Oedematous infiltration can also be demon-
strated within the adjacent soft tissues and in the 
PTT (Nwawka et al. 2013; Aparisi Gómez et al. 
2019; Chan et  al. 2019; Gluck et  al. 2010) 
(Fig. 32).

• Type III also known as a cornuate navicular 
(20%) is an often horn-shaped prominent 
navicular tuberosity, resulting from fusion of 
the ossification centre with the navicular bone. 
It may become symptomatic by irritation of 
the surrounding tissues, with possible adventi-
tial bursa formation and flat foot deformity 
(Nwawka et al. 2013) (Fig. 33).

4.2.4  Flexor Hallucis Longus 
Disorders

The FHL tendon arises from the inferior two- 
thirds of the posterior fibula. It crosses the ankle 
adjacent to the posterior surface of the susten-
taculum tali where it is covered by a retinaculum. 
More distally, it courses under the sustentaculum 
tali. At the level of the knot of Henry, it crosses 
over the FDL tendon. In this area tenosynovitis 
may occur and when this increases, it may com-
press the adjacent medial plantar nerve. Fluid in 
the retromalleolar part of FHL is seen in 54% and 
in the inframalleolar part in 40% of normal indi-
viduals (De Maeseneer et  al. 2018b; Willekens 
et al. 2019).

• FHL tendinopathy, tenosynovitis and tears 
usually occur either at the posterior groove 
between the lateral and medial tubercles of the 
talus or just distal to the groove or at the knot 
of Henry. These are typically seen in athletes, 
especially runners and classical ballet dancers 
performing repetitive forceful push-offs with 
the forefoot (Rosenberg et  al. 2000; Tuite 

a b c

Fig. 32 (a–c) Painful type II accessory navicular bone 
with tenosynovitis of posterior tibial tendon (PTT) in a 
50-year-old male with medial foot pain during walking. 
Axial T1 MR image better demonstrates the accessory 
navicular bone (arrow on a) with a slightly decreased sig-

nal. Axial (b) and sagittal (c) PD fat-sat images detect 
bone marrow oedema in the accessory bone and adjacent 
navicular bone (asterisk) with slight irregularity of the 
articular margins. Subtle thickening with adjacent fluid is 
seen at the distal PTT (small arrows on c)
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2002; Wong and Tan 2016). The FHL is also 
vulnerable to entrapment at the level of the 
posterior talus. This condition is usually seen 
in patients with a large os trigonum (Tuite 
2002; Kelikian et al. 2011; Lo et al. 2001).
Patients (especially ballet dancers and high 
jumpers) can present clinical signs of poste-
rior impingement with painful limitation of 
movements along the course of the FHL, from 
the posterior ankle down to the base of the dis-
tal phalanx of the hallux between the two ses-
amoids (Vuillemin et  al. 2012). Clinical 
examination may demonstrate swelling, ten-
derness and crepitus with pain elicited by 
resisted plantar flexion of the hallux (Tenforde 
et al. 2016). When conservative treatment fails 
to improve symptoms, surgical intervention is 
considered to restore mobility of the hallux 
and provide improvement of the articular 
function (Sanhudo 2002).

• Tenosynovitis refers to an inflammatory condi-
tion involving the synovial sheath of the ten-
don. It should be taken into consideration in 

the differential diagnosis of FHL rupture 
(Sanhudo 2002).

Imaging The diagnosis can be made on 
T2-weighted MR images if there is a large 
amount of high signal fluid behind the talus 
within the tendon sheath in the absence of ankle 
joint effusion (Rosenberg et al. 2000; Tuite 2002) 
(Fig. 34).

• Stenosing tenosynovitis may complicate an 
untreated FHL tenosynovitis; it can result 
from overuse, repetitive movements, and 
sports-related and professional activities.

Imaging On MRI, the FHL tendon sheath will 
appear thickened with decreased signal on both 
T1 and T2 (Tuite 2002; Wong and Tan 2016). A 
typical sonographic finding is a thickened reti-
naculum that constricts the osteofibrous tunnel 
through which the tendon runs and that reduces 
movements of the tendon during dynamic 
manoeuvres (Vuillemin et al. 2012).

a b

Fig. 33 (a, b) Accessory type III navicular bone in a 
12-year-old sportive female presenting a prominent bone 
deformity at the medial aspect of the foot. Sagittal (a) and 

axial (b) reformatted CT images confirm the osseous 
excrescence at the proximal aspect of the navicular bone 
with a horn-like morphology (arrows)
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• FHL rupture or laceration is uncommon in 
healthy young athletes; the most common 
mechanism is direct trauma. FHL rupture 
occurs at various anatomic locations, includ-
ing posterior to the talus and at the knot of 
Henry (as it traverses the medial plantar foot). 
Physical examination is important in 
 determining complete versus partial rupture 
and whether there is an associated injury of 
the flexor hallucis brevis tendon (Hunt et  al. 
2013).

4.3  Anterior Extensor Tendons

The anterior group consists from medial to lateral 
of the anterior tibial (AT), extensor hallucis lon-
gus (EHL), extensor digitorum longus (EDL) (to 
remind as “Tom” Hates “Dick”) and peroneus 
tertius tendons. All anterior tendons are covered 
by the extensor retinaculum, a fibrous band that 
stabilises the tendons in the anterior aspect of the 
ankle and foot and prevents tendon bowstringing 
during dorsal flexion (De Maeseneer et al. 2018b; 
Sarrafian 1983) (Fig. 35).

Pathology of the anterior tendons is uncom-
mon, since they are usually only exposed to 
minor mechanical stress owing to their straight 
course. Overuse and traumatic lesions of the 
anterior tendons include tendinosis, tenosynovi-
tis, stenosing tenosynovitis, rupture and disloca-
tion, and they have the same sonographic features 
as elsewhere in the body (Mengiardi et al. 2005; 
Khoury et al. 2007).

4.3.1  Anterior Tibial Tendon Injuries
The AT is the largest and strongest of the extensor 
tendons. It begins at the junction of the middle 
and lower thirds of the tibia and courses at the 
anteromedial aspect of the ankle. It descends 
obliquely to insert into the medial aspect of the 
first cuneiform and the base of the first metatar-
sal. The tendon passes beneath two retinacula, 
the superior extensor retinaculum above the ankle 
joint and the inferior extensor retinaculum below 
it. The tendon sheath around the AT forms several 
centimetres above the ankle joint. Unlike the 
Achilles and PT tendons, the AT tendon is well 
vascularised throughout its course. It is responsi-
ble for 80% of dorsiflexion and inversion of the 
foot. It prevents the forefoot slapping and 
 scraping of the ground and helps support the lon-
gitudinal arch (De Maeseneer et al. 2018b; Tuite 
2002).

Closed injuries of the AT tendon are uncom-
mon because of the straight course and the strong 
vascular supply of the anterior tibia. But the AT 
tendon can be injured by friction against the infe-
rior extensor retinaculum, talonavicular osteo-
phytes or bony excrescences; the mechanical 
wear could lead to tenosynovitis or rupture. The 
most common pathology is tenosynovitis seen in 
downhill runners, football players and skiers who 
are subject to forced plantar flexion. Tenosynovitis 
and tendinosis of the AT tendon are more preva-
lent than tendon tears, and they are an underesti-
mated cause of dorsomedial chronic pain of the 
foot in older individuals (Teh et  al. 2011; 
Mengiardi et al. 2005).

Tendinopathy may cause anterior leg or ankle 
pain in a runner. Weakness and pain with dorsi-
flexion are the primary clinical finding. And pain 

Fig. 34 Tenosynovitis of flexor hallucis longus (FHL) in 
a high jumper of high level with clinical signs of posterior 
ankle impingement with swelling, tenderness and painful 
limitation of movements. The pain is present along the 
course of the FHL and is elicited by resisted plantar flex-
ion of the hallux. Sagittal image from a 3D gradient echo 
DESS sequence reveals a large amount of high signal fluid 
within the tendon sheath behind the talus and in the 
midfoot

Injuries of the Ligaments and Tendons in Ankle and Foot



542

along the AT tendon with resisted dorsiflexion 
can be helpful to distinguish this condition from 
pain originating from the tibiotalar joint (Tenforde 
et al. 2016).

Tendon ruptures are rare and commonly 
caused by direct trauma. The classic mechanism 
of AT tendon rupture is sudden eversion and 
plantar flexion of a dorsiflexed foot with buckling 
of the tendon against the sharp edge of the reti-
naculum like when missing a stair step. The dis-
ruption usually occurs 0.5–3.0  cm proximal to 
the tendon insertion site, where the tendon passes 
deep to the inferior extensor retinaculum (Ng 
et  al. 2013). Patients may have a history of a 
minor trauma with forceful plantar flexion 
(Khoury et  al. 2007). The injury may be over-
looked by the patient which often presents rela-
tively mild symptoms. However the clinical 

presentation of a tender bulbous mass on the dor-
sum of the foot (due to the thickened retracted 
stump of the tendon) without awareness of func-
tional impairment may cause concern for a neo-
plasm (Lee et al. 2006). Although some patients 
have localised pain with a foot drop, dorsiflexion 
is often preserved by the EHL and EDL muscles; 
therefore the diagnosis of an AT tendon tear may 
be missed. Delayed diagnosis may hamper pri-
mary surgical repair. There is no consensus on 
the management of AT tendinopathy and tear. 
Conservative management is reasonable for ten-
dinopathy without significant tear; surgical man-
agement seems to provide good outcomes for 
many patients with AT tendon rupture (Tenforde 
et  al. 2016). Spontaneous rupture of the AT is 
rare; it has been reported in systemic diseases 
such as gout, rheumatoid arthritis and diabetes 
mellitus (Tuite 2002; Mengiardi et al. 2005; Teh 
et al. 2011).

Distal insertional tendinopathy is a less 
frequent abnormality, rather encountered in 
middle- aged women who complain of swelling 
and pain over the AT insertion. It typically occurs 
as an overuse injury, also secondary to irritation 
due to tight shoes or ski boots. The medial cunei-
form is the most common site of distal pathology 
including tendinopathy and partial tears of the 
tendon. The presence of multiple tendon slips at 
the distal insertion into the base of the first meta-
tarsal and medial cuneiform (variant) should not 
be mistaken with longitudinal split tears (De 
Maeseneer et al. 2018b; Mengiardi et al. 2005).

Imaging Characteristic MRI findings of AT 
injuries include fusiform tendon thickening 
(more or equal to 5  mm) with intrasubstance 
increase of signal intensity indicating tendinosis 
or partial rupture. The intratendinous signal 
abnormalities are usually located within the deep 
fibres of the AT distal attachment (or more dif-
fuse) on coronal sections perpendicular to the 
tendon course (Mengiardi et al. 2005) (Fig. 36). 
Partial rupture may be seen as longitudinal split-
ting (Fig. 37). MRI can demonstrate the presence 
of occasionally associated bone marrow oedema 
at the distal insertion site; it could be correlated 

Fig. 35 Coronal drawing of anterior ankle tendons cov-
ered by the inferior extensor retinaculum (ER). AT ante-
rior tibial, EHL extensor hallucis longus, EDL extensor 
digitorum longus, PTe peroneus tertius, MM medial 
malleolus

A. Van Royen et al.



543

with pain and used as a marker for adjacent ten-
don injury (Ng et  al. 2013; Tuite 2002). 

Circumferential fluid distension of the tendon 
sheath is highly specific of tenosynovitis when 
greater than 3 mm (Kijowski et al. 2007; Zember 
et al. 2016). In complete rupture, the torn proxi-
mal tendon stump commonly retracts above the 
level of the ankle joint; a focal segment of empty 
tendon sheath filled with fluid may be seen. 
Depending on the age of the rupture, the  tendinous 
gap can be filled with fluid, fat or scar tissue (Lee 
et  al. 2006; Khoury et  al. 1996; Cheung et  al. 
1992). MRI allows evaluation of the extent of 
injury and tendon retraction (Fig. 38). It can iden-
tify predisposing factors and it provides preoper-
ative information in cases that require surgical 
repair (Khoury et al. 1996; Tuite 2002; Mengiardi 
et al. 2005; Ng et al. 2013).

On US, the extensor tendons are easily evalu-
ated because of their superficial location. Besides, 
US is a cost-effective method for dynamic evalu-
ation of the tendons and it also allows the injec-
tion of diagnostic or therapeutic steroids and 
platelet-rich plasma into the site of pain (Ng et al. 
2013). Ultrasound allows excellent depiction of 
AT tendinopathy. Signs of tendinosis include 
thickening of the tendon, focal or diffuse 
hypoechoic areas with loss of fibrillar appearance 
in the longitudinal plane. It may occasionally be 
difficult to differentiate an area of tendinosis 
from a small partial-thickness tear. A partial- 
thickness tendon tear usually manifests as an 
incomplete discontinuity or focal defect within 

a b

Fig. 36 (a, b) Tendinopathy of the distal attachment of 
the anterior tibial tendon in a downhill runner presenting 
chronic medial cuneometatarsal pain. Coronal PD MR 
image (a) shows an enlarged tendon (arrow) with inhomo-

geneous signal, increased at the medial attachment (thin 
arrow) corresponding to intratendinous fissures within the 
deep fibres. Compare with the normal contralateral side 
(b)

Fig. 37 Partial rupture of the anterior tibial tendon due to 
tight ski boots. The sagittal PD MR image demonstrates a 
fusiform tendon thickening with a diffuse intrasubstance 
increase of signal intensity corresponding to longitudinal 
splits (arrow)
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the fibrillar architecture. Tenosynovitis appears 
as anechoic fluid in the tendon sheath with a “tar-
get sign” in the transverse plane and a “rail track” 
appearance in the longitudinal plane (Khoury 
et al. 2007). Complete rupture appears as a dis-
crete gap within the tendon, filled with either 
haematoma in acute injury or scar and granula-
tion tissue in chronic injury, with associated 
retraction of the proximal and distal tendon 
stumps. US is useful for marking the extent of 
tendon retraction before surgery (Mengiardi et al. 
2005; Teh et al. 2011; Ng et al. 2013). US is also 
well suited to demonstrate tendon impingement 
during tendon motion and underlying osseous 
abnormality (Khoury et al. 2007).

4.3.2  Extensor Hallucis Longus, 
Digitorum Longus 
and Peroneus Tertius Tendon 
Injuries

The EHL tendon is thinner and runs parallel to 
the AT lateral to it. The EDL and the peroneus 
tertius are located more laterally (Fig. 35). The 

EHL is a thin muscle arising from the anterior 
surface of the fibula and the interosseous mem-
brane. The EDL arises from the lateral condyle of 
the tibia, the anterior surface of the fibula and the 
interosseous membrane. At the level of the ankle, 
the EDL muscle is held in position along the dor-
sum of the ankle by both the superior and inferior 
extensor retinaculum and is subdivided into four 
tendons coursing over the dorsal aspect of the 
foot (De Maeseneer et al. 2018b; Ng et al. 2013; 
Zember et al. 2016). The EDL muscle (situated 
along the lateral aspect of the leg and ankle) aids 
in extension of the second through fifth toes.

The peroneus tertius (as mentioned above in 
the lateral peroneal tendon group—Sect. 4.1.3 on 
anatomical muscle variants and pitfalls) is an 
accessory muscle/tendon (present in 10% of 
 individuals) which lies anterior to the lateral mal-
leolus and also belongs to the anterior tendon 
group. The peroneus tertius muscle originates 
from the distal anterior fibula and ends proximal 
to the inferior extensor retinaculum. The pero-
neus tertius tendon courses beneath the retinacu-
lum and is inserted dorsally onto the base of the 
fifth metatarsal (De Maeseneer et al. 2018b).

Lesions of EHL and EDL tendons are quite 
uncommon because these tendons are subject to 
low mechanical stress (as for the AT). Friction 
with shoes or impingement with underlying 
degenerative or post-traumatic osseous remodel-
ling is reported to be a cause of tenosynovitis. 
One of the more common injuries in ultramara-
thoners has been reported at the EDL tendon 
whether related to repetitive friction of the ten-
don against the retinaculum or a talar head exos-
tosis (Zember et al. 2016).

The peroneus tertius rarely could cause 
anterolateral and hindfoot pain (Iceman et  al. 
2020; Choudhary and McNally 2011) (Fig. 39).

Imaging Dynamic sonography with plantar 
flexion may show an impingement between EDL 
tendon and a dorsal talar ridge (Khoury et  al. 
2007). Visualisation of peroneus tertius tendon 
with US is easier than with MRI, as the probe 
can be placed exactly along the long axis of the 

Fig. 38 Complete rupture of the anterior tibial tendon 
with retraction of the torn proximal tendon stump (arrow). 
The sagittal STIR MR image shows a focal segment of 
empty tendon sheath filled with fluid
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tendon (De Maeseneer et al. 2018b). MRI find-
ings of the EHL and EDL tears are similar to AT 
injuries (Fig. 40).

4.4  Plantar Fascia

The plantar fascia (PF) or plantar aponeurosis is 
made up of different bands of connective tissue. It 
helps maintain the longitudinal arch of the foot. 
The PF is subdivided into a medial, central and lat-
eral bundle. The central bundle is the thickest one 
and is most frequently involved in PF  pathology. 
This bundle is thick at the proximal insertion on 
the medial tubercle of the calcaneum and becomes 
thinner as it progresses distally into a fan-shaped 
structure with different slips attaching to the base 
of the proximal phalanx of each toe. The fascia 
overlies the central band of the flexor digitorum 
brevis. A normal PF has a thickness of 2–4 mm 

and is seen as a striated hyperechoic band on ultra-
sound and a uniform hypointense structure on all 
MRI sequences (Draghi et  al. 2017; Lawrence 
et al. 2013; Khoury et al. 2007).

4.4.1  Plantar Fasciitis
Plantar fasciitis is an overuse injury typically 
seen in runners and patients over weight. It is the 
result of repetitive trauma leading to microtears 
most commonly at the proximal insertion of the 
fascia. It is the most frequent common cause of 
heel pain and can be associated with swelling and 
local tenderness. It can be associated to bone ero-
sions in seronegative inflammatory spondylar-
thropathies (as ankylosing spondylitis, Reiter and 
psoriatic arthritis) (Lawrence et al. 2013).

Imaging Although it is a clinical diagnosis, 
imaging is sometimes needed in unclear cases to 
rule out other causes of heel pain. Lateral radio-

a

b c

Fig. 39 (a–c) Subcutaneous cyst of the dorsolateral mid-
foot associated to a degenerative peroneus tertius tendon 
in a 37-year-old man with swelling and difficulty to close 
his right shoe. (a) Axial US (thick arrow) image shows a 
subcutaneous lobulated anechoic mass connected to a 
degenerative tendon (thin arrow) that courses lateral to the 

EDL and is inserted distally between the base of metatar-
sals 4 and 5. The cyst presents on coronal T2 fat sat and 
sagittal PD MR images a small pedicle to the peroneus 
tertius (arrow on b and c). The tendon has an irregular 
outline on b (arrow). (Courtesy of A. Baetslé and T. Jager)
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graph of the ankle can demonstrate proximal sub-
calcaneal soft-tissue swelling as well as bone 
erosions or spur (also known as enthesophyte) at 
the calcaneal insertion. This is indicative of plan-
tar fasciitis, but the definitive diagnosis needs US 
(or MRI). On ultrasound the injured FP is 
hypoechoic and markedly thickened, the cut-off 
being more than 4 mm (Fig. 41). There is a loss 
of the fibrillar structure and hypervascularisation 
can be present on colour Doppler. MRI character-
istics include thickening over 3 mm and hetero-
geneous increased signal on fluid-sensitive 
sequences and oedema in the surrounding soft 
tissues, sometimes associated to bone marrow 
oedema in the calcaneal tuberosity (Draghi et al. 
2017; Lawrence et al. 2013; Khoury et al. 2007) 
(Fig. 42).

4.4.2  Plantar Fascia Tear
Tears of the PF can occur at the proximal or mid-
dle portion of the aponeurosis. They are uncom-

Fig. 41 Plantar fasciitis on longitudinal US image. The 
fascia is markedly thickened and hypoechoic (arrows) 
with loss of the fibrillar pattern

a b

Fig. 40 (a, b) Complete rupture of the extensor hallucis 
longus (EHL) tendon in a 55-year-old female presenting a 
soft-tissue swelling at the anterior aspect of the distal 
tibia. (a) Sagittal PD fat-sat MR image shows discontinu-
ity of the EHL with tendon retraction above the tibiotalar 
joint (arrow). (b) Axial PD fat-sat image depicts a thick-

ening with increased signal of the retracted EHL tendon 
stump (located lateral to the still low-signal anterior tibial 
tendon) causing a pseudotumoral mass (arrow). High sig-
nal fluid is detected around the EHL tendon stump on a 
and b
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mon compared to plantar fasciitis and can be 
partial or complete. Mechanism of injury is a 
forced plantar flexion of the foot in competitive 
athletes, generally runners and jumpers. Patients 
with chronic plantar fasciitis receiving local cor-
ticosteroid injections could develop a spontane-
ous proximal rupture; they could present acute 
pain and swelling accompanied by an audible 
“snap” (Lawrence et  al. 2013; Draghi et  al. 
2017).

Imaging US and MRI are the modality of 
choice. On US a tear is characterised by disrup-
tion of the fibres with a hypoechoic cleft repre-
senting fluid and haematoma. Dorsiflexion of the 
toes can increase conspicuity of PF tears. 

Similarly to US, MRI shows complete or partial 
interruption of the PF which is replaced by a 
hyperintense signal on fluid-sensitive images 
(Fig.  43). Tear of the flexor digitorum brevis 
muscle underlying the FP is often associated with 
FP tears. This should also be ruled out when FP 
tear is suspected (Draghi et al. 2017; Lawrence 
et al. 2013; Khoury et al. 2007).

4.5  Achilles Tendon

The Achilles tendon is the thickest, strongest as 
well as longest tendon in the body. The tendon is 
the distal insertion of the triceps surae, which 
consists of the gastrocnemius and soleus mus-

a c

b

Fig. 42 (a–c) Plantar fasciitis in a 50-year-old female 
complaining of plantar pain during walking. Sagittal PD 
fat-sat (a) and T1 (b) MR images and coronal PD fat sat 
show a proximal thickening of the middle and medial 

bundles of the plantar fascia (arrow) and underlying bone 
marrow oedema at the plantar aspect of the calcaneum 
(asterisk on a and c). There is also subtle soft-tissue 
oedema in the perifascial fat pad of the heel
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cles. Both contribute to form the Achilles ten-
don. Distally the tendon inserts onto the 
calcaneum. The insertion is bordered anteriorly 
and superiorly by the retrocalcaneal bursa and 
posteriorly by the retro-Achilles bursa. In 
healthy subjects these should barely be visible 
on imaging studies. Along its course from proxi-
mal to distal, the shape of the tendon changes; it 
is important to appreciate these changes when 
evaluating Achilles tendon on imaging. The 
proximal part of the tendon is flat while the 
descending part of the tendon has a concave sur-
face anteriorly and a flat surface posteriorly. Just 
above the distal insertion, the anterior margin of 
the tendon is convex rather than concave (Chew 
et al. 2010).

Contrarily to other tendons the Achilles ten-
don does not have a synovial sheath. It is rather 
surrounded by a thin membrane called the 
paratenon, which is richly vascularised and 
largely responsible for the tendon’s blood supply. 
Kager’s fat pad is a triangular shaped area of adi-
pose tissue anterior to the Achilles tendon. Injury 

of the tendon may result in oedema in Kager’s fat 
pad (Calleja and Connell 2010).

4.5.1  Achilles Tendinopathy
Achilles tendinopathy is very common in athletes 
participating in running, track and field, soccer 
and racquet sports. The mechanism responsible 
for tendon injury is sudden dorsiflexion of a plan-
tar flexed foot. Direct blow to the tendon is less 
common. The spectrum of injury includes tendi-
nosis, insertional tendinopathy, bursitis and para-
tendonitis (Khoury et  al. 2007; Calleja and 
Connell 2010).

Both ultrasound and MRI are ideal imaging 
modalities for evaluating Achilles tendon injury 
(Weinfeld 2014). Radiography may demonstrate 
tendon swelling or calcification, but has a low 
specificity.

Achilles tendinosis is an overuse-type injury 
secondary to excessive loading. Midsubstance 
involvement is most common, occurring at 
around 5—8  cm proximal to the insertion. 
Patients complain of pain and difficulty doing 

a b

Fig. 43 (a, b) Complete rupture of the plantar fascia in a 
62-year-old female over weight with sudden onset of heel 
pain during walking. Sagittal STIR (a) and coronal PD 

fat-sat MR images (b) disclose discontinuity with a small 
fluid-filled gap at the proximal attachment (arrow)
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steps. Swelling and local tenderness are often 
present (Weinfeld 2014).

Imaging Tendinosis is usually characterised by 
a fusiform swelling of the tendon on a longitudi-
nal view. The tendon is thickened in transverse 
plane with loss of the concave anterior border in 
the mid portion of the tendon. The affected ten-
don is hypoechoic on US (Fig. 44) and can dem-
onstrate patchy increased signal intensity on 
fluid-sensitive MR sequences (Fig. 45). In con-
trast to the more common fusiform involvement, 
tendinosis can also be nodular resulting in smaller 
hypoechoic areas on US. Associated abnormali-
ties include oedema in Kager’s fat pad, peritendi-
nous fluid and possible intratendinous tears 
(Khoury et al. 2007; Calleja and Connell 2010).

Insertional tendinosis is another type of over-
use injury secondary to excessive use of the calf 
muscles. It is most frequently seen in runners, 
ballet dancers and in jumping sports. Another 
common cause of posterior heel pain is retrocal-
caneal or retrotendinous bursitis. These condi-
tions are associated with Haglund deformity (a 
bony prominence on superior posterior aspect of 
the calcaneal tuberosity), rheumatoid and sero-
negative arthritis. The combination of soft-tissue 
abnormalities and a Haglund deformity is termed 
“Haglund syndrome” (Lawrence et  al. 2013; 
Calleja and Connell 2010) (Fig. 45).

Imaging For insertional tendinosis, US and 
MRI findings are those of tendinosis but at the 
level of the calcaneal insertion. There may be 
bony erosions present on plain films and oedema 
in the calcaneal tuberosity on MRI both second-
ary to local inflammation, as well as calcifica-
tions (Fig.  45). In case of bursitis, fluid 
accumulation may be visible anterior or posterior 
to the tendon, depending on which bursa is 
involved. The retrocalcaneal bursa sometimes 
has a physiological amount of fluid but should 
not exceed an anteroposterior width of 1 mm on 
MRI and 1.5  mm on US.  In case of bursitis, 
involvement of the surrounding soft tissues is 
expected (Lawrence et  al. 2013; Calleja and 

Connell 2010; Khoury et al. 2007). Paratenonitis 
is an inflammation of the paratenon that often 
occurs in conjunction with tendinosis, but may 
also be isolated. It is an acute inflammation most 
prevalent in long-distance runners. Like in tendi-
nosis there is swelling and palpation can be 
extremely painful. This condition may result in 
scar formation and adhesions around the Achilles 
tendon which can cause impingement (Weinfeld 
2014; Calleja and Connell 2010).

Imaging Ultrasound reveals hypoechoic thicken-
ing of the paratenon, most frequently posteriorly. 
Fluid accumulation between the tendon and the 
paratenon as well as increased vascularity on 
Doppler ultrasound may also be present (Fig. 44). 
On fluid-sensitive MRI the paratenon is thickened 
and hyperintense; this is best visualised in the axial 
and sagittal plane. The paratenon also enhances 
after gadolinium administration. Oedema in the 
surrounding soft tissues may be present. In patients 
with chronic paratendonitis irregular signal inten-
sity changes extending into Kager’s fat pad repre-
sent adhesions (Weinfeld 2014; Calleja and 
Connell 2010; Chew et al. 2010).

4.5.2  Achilles Tendon Rupture
Tears almost always occur in an already diseased 
tendon. Rupture results from a sudden contraction 
of the gastrocnemius and soleus muscles and most 
often occurs in sports such as tennis, badminton, 
football or basketball. Corticosteroid injection is 
another cause of Achilles tendon tear. Symptoms 
include acute pain and swelling and the inability to 
walk. Tears are localised either at the hypovascular 
mid portion of the tendon, about 6 cm proximal to 
the insertion, or at the myotendinous junction. 
They can be either partial or complete. Plantar 
flexion of the foot may be preserved when the 
plantaris tendon is still intact (Weinfeld 2014; 
Calleja and Connell 2010; Chew et al. 2010).

Imaging It helps to determine the severity of a 
tendon tear and may help planning surgical treat-
ment. On US a complete tear has a hypoechoic 
defect along the tendon representing haematoma. 
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a

c

b

Fig. 44 (a–c) Achilles tendinosis and paratenonitis on 
axial US images. The diseased tendon (b) is markedly 
thickened with a rounded shape in the axial plane and dif-
fuse hypoechoic foci. Compare with a normal Achilles 
tendon (a). In addition to tendinosis, the paratenon is also 

thickened (arrow on b) characteristic for paratenonitis. 
There is loss of fibrillar structure on the longitudinal view 
(c). Doppler US image demonstrates increased vasculari-
sation in and around the tendon (c)

A. Van Royen et al.
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Torn ends of the tendon are visible on each side 
of the gap. The distance of the gap should be 
measured with the foot in plantar flexion 
(Fig. 46). Herniation of the anterior fat can also 
be present. Depending on the age of the haema-
toma it may be more isoechoic obscuring the tear. 
In these cases dynamic ultrasound with dorsiflex-
ion of the foot is very helpful as this will reveal 
separation of the tendon. A partial tear demon-
strates a focal hypoechoic area with loss of fibril-
lation parallel to the tendon fibres. MRI is helpful 
especially in cases where US is equivocal. 
Complete tears are identified by discontinuity of 
the tendon with a fluid intensity gap interposed 
between the torn ends (Fig. 47). A partial tear on 
MRI demonstrates a more heterogeneous 
increased signal on fluid-sensitive images and 
partial disruption of the tendon fibres. After heal-
ing, scar formation results in a tendon with inter-
mediate signal intensity (Weinfeld 2014; Chew 
et  al. 2010; Lawrence et  al. 2013; Calleja and 
Connell 2010; Khoury et al. 2007).

4.6  Plantaris Tendon

The plantaris tendon is the longest tendon in 
the human body, but has a much smaller diam-
eter than the adjacent Achilles tendon. The 
plantaris muscle originates from the posterior 
knee capsule and the lateral posterior femur 
below the linea aspera. The tendon runs 
between the gastrocnemius and soleus muscles 
and crosses medially to run anteromedially to 
the Achilles tendon. In 20% of individuals the 
tendon merges distally with the Achilles ten-
don. The site where the tendons merge can 
mimic a tear on MRI, so it is important to con-
sider and localise the plantaris tendon when 
this is suspected (Fig. 47).

Plantaris tendon tears are classically seen in 
tennis players, who complain of pain in the pos-
terior lower leg after an injury. The tendon may 
retract, and patients will typically have oedema 
between the soleus and gastrocnemius muscles in 
the calf on MRI (Tuite 2002).

a b

Fig. 45 (a, b) Insertion Achilles tendinopathy with 
Haglund deformity of the calcaneal tuberosity (arrow) in 
a 55-year-old recreative triathlon athlete. Sagittal PD fat- 
sat (a) and T1 (b) MR images show thickening of the dis-

tal Achilles tendon with intratendinous increased signal, 
bone marrow oedema in the calcaneal tuberosity (asterisk 
on a) and irregular posterior and inferior calcaneal bone 
outline on b
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a

b

c

Fig. 46 (a–c) Complete 
Achilles tendon tear on 
dynamic US in a 
31-year-old male. (a) 
Longitudinal US image 
near the calcaneal 
insertion shows 
thickening of the tendon 
characteristic for 
tendinosis (arrows). (b) 
Longitudinal US image 
obtained more proximal 
demonstrates 
interruption of the fibres 
with a hypoechoic cleft 
(callipers) corresponding 
to an Achilles tendon 
tear. (c) On the same 
image as b but with the 
foot in dorsiflexion, the 
gap between the tendon 
fibres increases 
confirming a complete 
tear
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Things to Remember
• Ankle and foot are common sites of sports- 

related injuries; ankle inversion injuries are 
most prevalent.

• Although ankle sprains usually have a good 
outcome, unrecognised lesions can delay 
return to play.

• Ankle inversion can involve most frequently 
the anterior talofibular ligament followed by 
the calcaneofibular ligament.

• Medial collateral (deltoid) ligaments and dis-
tal tibiofibular syndesmosis are involved in 
more severe ankle sprains.

• Osteochondral lesions of the talus and pero-
neal tendon injury can be associated to ankle 
sprain.

• The most commonly injured tendon in sports 
is the Achilles tendon.

• Ultrasound (US) is an ideal modality to assess 
soft-tissue injury of ankle and foot in acute 
setting.

• MRI may be necessary to rule out intra- 
articular lesions and bone abnormalities or to 
assess deep structures that cannot be imaged 
with US.
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Abstract
This chapter focuses on subchondral bone 
injuries related to sports. Ankle sprains are the 
most common ankle injury which can result in 
an osteochondral defect. The diagnosis of 
osteochondral pathology is often confirmed 
by imaging. The different modalities all have 
advantages and disadvantages. This chapter 
examines in detail the pathophysiology of 
osteochondral defects and foot injuries and the 
added value of different imaging modalities.
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1  Introduction: Specific 
Anatomy and Incidence

This chapter describes the sport-related osteo-
chondral injuries of the ankle. Since the sports- 
related biomechanics of osteochondral injuries 
of the ankle is closely related to osteochondral 
defects (OCDs) we will discuss the pathology 
extensively. Osteochondral defects are defined 
as injuries involving both articular cartilage and 
subchondral bone. The term covers a wide spec-
trum of pathologies including (sub)chondral 
contusion, osteochondritis dissecans, osteochon-
dral fracture, and osteoarthritis. Osteochondral 
injuries of the ankle often coincide with liga-
mentous ankle injuries and ankle sprains, which 
are discussed in (Van Royen et al. 2020). The 
entire anatomy of the ankle will not be described, 
but to have a better understanding about osteo-
chondral injury we will describe the cartilagi-
nous anatomy briefly.

1.1  Cartilage Anatomy

Osteochondral injuries in the ankle often occur 
in the tibiotalar joint. Cartilage is found on top 
of the talar dome and on the medial and lateral 
facets facing the medial malleolus and the fib-
ula. Sugimato et  al. examined the thickness of 
the cartilage at the talar surface. Specific inter-
est was paid to those regions where osteochon-
dral injuries predominantly occur (Sugimoto 
et al. 2005). The average cartilage thickness of 
the total area was 1.35 mm (±0.22) in males and 
1.11 mm (±0.28) in females. The difference was 
considered statistically significant between the 
sexes (p = 0.025). The mean thickest area was 
found in the medial talar corner (1.56  mm in 
males, 1.42 mm in females). The thinnest carti-
lage was found in the lateral fibular surface 
(1.00  mm in males, 0.86  mm in females). 
Compared to the knee, the cartilage in the ankle 
is thin. This is thought to be due to the fact that 
the ankle joint is a congruent joint, compared to 
the knee.

2  Historical Background 
and Terminology

An osteochondral defect (OCD) is an idiopathic 
lesion of the cartilage and adjacent subchondral 
bone. The first documentation of an OCD dates 
back to 1560 when Ambroise Paré wrote about a 
surgical intervention were he removed loose bod-
ies from the inside of a joint cavity (Paré and 
Malgaigne 1560). In 1738, surgeon and anatomist 
Alexander Monro was probably the first to describe 
the disease called “cartilaginous bodies of the 
joint” (Monro 1752). A couple of years later, 
Hunter (1743) described it as cartilaginous ulcer-
ations and stated the following regarding treat-
ment: “From Hippocrates down to the present age, 
ulcerated cartilage is a troublesome disease; when 
destroyed, it is not recovered” (Hunter 1743). It 
was König (1888) who first introduced the term 
osteochondritis dissecans and since Kappis (1922) 
the disease became known as the osteochondral 
lesion of the talus (König 1888; Kappis 1922).

In 1932 a paper was reported by Rendu, 
describing an intra-articular fracture of the talus 
which appeared similar to an osteochondral 
lesion (Rendu 1932). Then Rödén et  al. (1953) 
were the first to describe a series of 55 cases 
which looked like osteochondritis dissecans 
lesions of the talus (Rödén et al. 1953).

Different aliases are known in the literature 
such as osteochondritis dissecans, osteochondral 
lesions of the talus (OLT), flake fracture, 
 osteochondral fracture, and osteochondral defect. 
Currently the most accepted term is osteochon-
dral defects or osteochondral lesions (van Bergen 
et al. 2015; Murphy et al. 2019).

3  Incidence

OCDs are often described as sequelae of inver-
sion sprains. Ankle sprains are a common phe-
nomenon among athletes with >300,000 injuries 
per year reported in the USA, and an estimated 
52.3 ankle injuries per 1000 athletic exposures in 
high school-aged athletes (Delco et  al. 2017). 
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Indoor sport athletes are particularly prone to 
ankle sprains (Doherty et  al. 2014). Especially 
basketball, handball, and volleyball players have 
a high incidence of ankle sprains. In outdoor 
sports, soccer players are most prone to an ankle 
sprain. Although most patients with an ankle 
sprain have an uncomplicated recovery a small 
percentage will develop an OCD. It is not entirely 
clear what the overall incidence of OCD in the 
ankle is. Based on the literature, the incidence is 
approximately 0.09% with a prevalence of 
0.002/100.000 person/year. OCD is usually diag-
nosed between the age of 10 and 30  years 
(Loomer et al. 1993; Bauer et al. 1987; Orr et al. 
2011; Weiss et  al. 2016). Second to inversion 
sprains, ankle fractures seem to be related to the 
formation of an ankle OCD in 10–40% of the 
cases (Nosewicz et al. 2016). Although no clear 
association has been established, displaced frac-
tures Lauge-Hansen stage III/IV seem to be most 
prone to forming an OCD of the talar joint 
(Nosewicz et  al. 2016; Regier et  al. 2016; 
Lambers et al. 2019).

4  Etiology

4.1  Biomechanical Etiology

Traumatic events are regarded as the predomi-
nant cause of an OCD, as research indicated that 
in up to 70% of acute ankle fractures and sprains 
osteochondral defects can occur (Hintermann 
et al. 2000; Saxena and Eakin 2007; Blom et al. 
2019). Repetitive trauma may also play a role, 
especially in athletes. Research indicates that 
these repetitive traumas occur, in 55–60% of 
patients with an OCD, during sport activities (Tol 
et al. 2000; Aichroth 1971). Nevertheless, trauma 
does not explain all cases of OCD.

4.2  Biological Etiology

Other etiologies mentioned in the literature are 
ischemic, inflammatory, and hereditary factors; 
osteonecrosis and gradual development follow-

ing an injury to the endochondral epiphyseal 
growth plate; and idiopathic, potentially making 
it a multifactorial disease (Bruns et  al. 2018; 
Robertson et al. 2003; Tóth et al. 2015; Krishnan 
and Grodzinsky 2018). OCDs occur in both chil-
dren and adults. The distinction between children 
and adults is based on whether the growth plates 
are open or closed (Uppstrom et  al. 2016; 
Schenck and Goodnight 1996).

Next to the traumatic and ischemic hypothe-
ses, several authors have indicated that a genetic 
component might play a factor as well (Gorter 
and van Raay 2015; Stattin et al. 2010; Gornitzky 
et al. 2017). Mutations of the aggrecan (ACAN) 
and COL9A2 gene have been associated with 
familial OCD (Stattin et al. 2010; Jackson et al. 
2010). The ACAN genes are proteins involved in 
the development of the aggrecan network. 
Mutation of the ACAN gene causes an inade-
quate formation of the aggrecan network leading 
to a disruption of the extracellular matrix interac-
tions within the cartilage (Stattin et al. 2010).

5  Pathophysiology

The pathophysiological mechanism behind 
OCDs remains unknown. There are several 
hypotheses proposed (van Dijk et al. 2010).

Biomechanical trauma mechanisms have 
gained the most attention. The trauma hypothesis 
assumes that an inversion trauma or fracture of 
the ankle causes a flake or fissure of the cartilage 
and microfractures of the subchondral bone. 
Continuous loading will eventually lead to 
 pressurized synovial and/or cartilage fluid 
between the cartilage and into the subchondral 
bone. The continuous high fluid pressure induces 
osteolysis of the subchondral bone, resulting in 
cysts (Reilingh et  al. 2013; Cox et  al. 2011; 
Posadzy et al. 2017).

A second hypothesis is based on current ani-
mal literature in which ischemia might play an 
important role in the development of OCD 
(Ytrehus et al. 2004; Olstad et al. 2008). During 
the endochondral ossification process cartilage 
channels are formed. These channels arise from 
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the perichondrium into the epiphyseal cartilage. 
As the patient becomes of age the channels 
regress and cartilage is formed by the process 
called chondrification. Premature cessation of 
these channels results in disintegration of the 
endothelial cells and transformation of perivascu-
lar cells. As a consequence the subchondral bone 
progresses to avascular necrosis (Ytrehus et  al. 
2004; Olstad et al. 2008). If the overlying articu-
lar cartilage is intact, spontaneous healing may 
occur. On the other hand, detachment of the sub-
chondral bone could result in an osteochondral 
fragment (Zanon et al. 2014).

6  Location of Osteochondral 
Defects

Several studies described the location of OCDs in 
the ankle (Dahmen et al. 2018). Based on a nine- 
piece grid, between 63 and 77% of the lesions 

were found on the medial talar dome (zones 1, 4, 
and 7); 21 and 33% originated in the lateral talar 
dome (zones 3, 6, and 9); and 2 and 3.7% of the 
OCDs were localized to the center third of the 
dome (zones 2, 5, and 8) (Raikin et  al. 2007; 
Dahmen et al. 2018). In addition to OCD of the 
talus in 5% of the cases an OCD is observed in the 
tibial plafond. A kissing lesion is found on both 
sides. Osteochondral defects of the tibial plafond 
account for approximately 2.6% of all lesions of 
the ankle with less than 20–35% being a kissing 
lesion (Mologne and Ferkel 2007; Cuttica et  al. 
2012; Irwin et  al. 2018). Zone six (20%), zone 
two (16%), zone five (13%), and zone eight (13%) 
are the most frequent tibial plafond locations(Elias 
et  al. 2009; Irwin et  al. 2018). Common lesion 
locations are illustrated in Fig. 1 (Elias et al. 2009; 
Raikin et al. 2007). Furthermore, one case report 
has described an OCD of the distal fibula (Riaz 
et al. 2012). Clinical implications of an OCD in 
this location remain unknown.

a b

Fig. 1 (a) Nine-grid scheme grid of the talar cartilage. (b) The ten-piece grid of the tibial bone on the right
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7  Diagnostic Imaging

7.1  Conventional Radiography

7.1.1  Hardware and Positioning
A conventional radiograph of the ankle should 
consist of an AP view, a mortise view, and a lat-
eral view (Reilingh et al. 2010).

7.1.2  Scan Protocol 
and Post-processing

7.1.2.1 AP View
In AP view the patient should be sitting upright 
in supine position with a straight leg. The foot 
is in dorsal flexion with the toes facing the 
ceiling. In the right position this should result 
in an image where the tibia, distal fibula, and 

lateral and medial malleolus are in profile 
(Fig. 2).

7.1.2.2 Mortise View
The mortise view is an AP view in a 15–25° of 
endorotation. This view enables visualization of 
the lateral and medial joint spaces and is neces-
sary because a part of the talus overlaps a part of 
the lateral malleolus in AP view, concealing the 
lateral aspect of the ankle (Fig. 2).

7.1.2.3 Lateral View
The lateral view is obtained with the patient in 
lateral recumbent position. The lateral part of the 
knee and ankle should make contact with the 
table with the foot still in dorsal flexion. The talar 
dome should be open, uniform, and without over-
projection for adequate assessment (Fig. 3).

Fig. 2 (a) Anteroposterior view (AP view) of the ankle. 
Note that the midpoint of the AP view is in the center of 
the lateral and medial malleoli. The tibiotalar joint should 
be open, without revealing the mortise, and the distal fib-

ula should be slightly overlaying the distal fibula. (b) 
Mortise view of the ankle with a 15° angle visualizing the 
lateral and medial joint space illustrating a hypointense 
lesion can be seen at the medial side of the talus
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7.1.3  Conventional Radiography 
of an OCD

Conventional radiography is the first step in the 
diagnostic process of ankle pain. It has a sensi-
tivity of 59% and a specificity of 91%. It is 
important to remember that conventional radi-
ography underestimates the incidence and size 
of osteochondral defects and fails to detect an 
OCD in 30–60% of the cases (Magee and Hinson 
1998; van Bergen et  al. 2015; Nosewicz et  al. 
2016). The AP and mortise view provides subtle 
clues such as flattening of the joint space or 
indistinct radiolucency of the subchondral bone. 
The lateral view provides no additional informa-
tion with regard to OCD but could be helpful in 
the detection of other pathologies. In case of a 
more advanced OCD, additional anomalies 
could be seen such as fragmentation of the sub-
chondral bone, more pronounced flattening/
abnormalities of the joint space, or larger radio-
lucent and sclerotic areas (Resnick and 
Kransdorf 2005).

7.2  Computed Tomography

7.2.1  Hardware and Positioning 
Multi-Helical Systems

Modern computed tomography (CT) scanners are 
multi-slice helical systems. These systems are 
equipped with multiple detector arrays to simul-
taneously collect data at different slice locations. 
Patients need to be scanned in a supine position, 
with extended legs flat on the table, and the foot 
should be in dorsal flexion with the toes facing 
the ceiling (Johnson and Timins 1998).

7.2.2  Hardware Dual-Energy Systems
The latest edition of CT scanners is dual-energy 
system. There are currently three dual-energy CT 
imaging methods: (1) two separate sequential 
scans with single energy sources with different 
energy levels: the hardware is the same as the 
multi-slice helical systems; (2) dual-source imag-
ing which uses two X-ray tubes and two detector 
plates: each of the tubes uses a different energy 
level to obtain an image simultaneously; and (3) 
rapid kilovoltage (kV) switching which uses a 
single tube with rapidly changing energy levels 
(Mallinson et al. 2016).

7.2.3  Scan Protocol and Post- 
processing Software Multi- 
Helical Systems

For adequate assessment of an OCD, a suitable 
scan protocol is recommended. X-ray beam set-
tings for an ankle CT are 120 kV with 80 mAs 
with an exposure time of approximately 1 s. The 
field of view (FOV) should cover both ankles. A 
slice thickness of 0.3 is recommended with a 
maximum of 1 mm.

Post-processing reconstruction software 
makes it possible to create both 2D and 3D recon-
structions with matching filters such as soft- 
tissue setting and bone setting in axial plane.

7.2.4  Scan Protocol and Post- 
processing Software Dual- 
Energy Systems

The X-beam settings for a dual-energy CT are 
150 Kv and 80 Kv with 85 mAs and 125 mAs, 
respectively. The exposure time should be the 

Fig. 3 Lateral view of the talar joint. Note that the talar 
dome is open and uniform for adequate assessment. As 
can be seen, the hypointense lesion that can be seen in 
Fig. 2b is not visible in a lateral view
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same (1 s) as for a multi-helical system with the 
same FOV and slice thickness. Dual-energy CT 
scanning can make a substantial difference con-
cerning the post-processing capabilities 
(Mallinson et  al. 2016). Material-specific and 
energy-specific post-processing techniques are 
the most valuable for OCD pathology. Material- 
specific post-processing compares the attenua-
tion values between low- and high-kV datasets 
allowing specific materials to be color coded. 
Especially virtual non-calcium images could be 
useful for the assessment of bone marrow edema 
(Kaup et  al. 2016). Energy-specific post- 
processing enables reconstruction algorithms to 
generate virtual monochromatic images forming 
the basis for metal artifact reduction (Wellenberg 
et al. 2018).

7.2.5  CT Imaging of an OCD
CT imaging has a sensitivity of 81% and a speci-
ficity of 99% in detecting OCDs. OCDs can have 
numerous dimensions. Assessment concerning 
the size should be performed in all three dimen-
sions, namely anteroposterior, mediolateral, as 
well as depth. The smallest OCD size which can 

be imagined is 0.3–1.0  mm, depending on the 
scan resolution. An OCD can contain cortical 
irregularities, osteophytes, and/or cystic changes 
of the subchondral bone (Fig. 4). These changes 
are depicted on a CT scan as irregular borders, 
with white cortical lines or dentate appearances 
of the talus or tibia. The cortical irregularities are 
suggestive of adjacent cartilaginous lesions. 
Lucent and dark gray areas of the irregular cortex 
are indicative of a cyst. In more advanced and 
larger OCDs the cartilage will disappear and the 
cortex will become more profound on CT. Larger 
defects are sometimes accompanied by loose 
bodies of the joint. In case of large defects, the 
joint should be scrutinized for loose body at a 
remote location from the defect (Korteweg et al. 
2014).

New imaging techniques such as cone beam 
CT are currently being researched. Several stud-
ies have shown that cone beam has added value in 
terms of fissures, fractures, and osteomyelitis in 
the upper and lower extremities compared to con-
ventional radiography (De Smet et  al. 2015). 
Cone beam CT might also offer added value in 
the field of staging for OCD pathology (Posadzy 

a b c

Fig. 4 Appearance of an OCD on CT. (a) Coronal, (b) 
sagittal, (c) axial. A huge defect at the posteromedial part 
of the talus is seen (white arrows), while standard radiog-
raphy was negative. A large osteochondral lesion is seen 

with multiple cysts in the subchondral bone (arrows) (a, 
b). The axial images show that the lesion is located at the 
lateral talar dome (arrow) (c)
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et  al. 2017). In particular, weight-bearing cone 
beam CT may be a better illustration of the actual 
stage of the disease. However, further compara-
tive research is needed.

7.3  Single-Photon Emission 
Computed Tomography

7.3.1  Hardware and Positioning
Single-photon emission computed tomography 
(SPECT-CT) is a combination of a 3-dimensional 
scintigraphy bone scan and a CT scan. SPECT 
has a sensitivity of 94% and a specificity of 57% 
(Claassen et al. 2014). SPECT-CT is a combina-
tion of CT and gamma radiation distribution 
radioactive isotopes. The CT provides anatomi-
cal information regarding the injury and the 
radioactive isotope provides information in terms 
of biological activity. The patient should be posi-
tioned the same as on a CT scanner.

7.3.2  Scan Protocol and Post- 
processing Software

A triple-phase bone scan is accomplished with a 
dose of 500  MBq Technetium-99 (99Tc), an iso-
tope derived from Rubidium-99 (99Ru). The 
radioactive tracer should be administered directly 
and followed by a blood pool-phase scan and a 
diffusion-phase scan. Afterwards, an intermis-
sion of two and a half–three hours should be 
accounted for before preforming a late-phase 
scan. A high-resolution image protocol should be 
acquired in order to compete with MRI. Therefore, 
an adequate scan protocol for SPECT-CT has the 
same X-ray beam settings as a regular CT of 
120 kv and 80 mA.

To analyze the images a post-processing soft-
ware program with fusion capabilities enables 
assessment by a nuclear medicine specialist.

7.3.3  SPECT-CT of an OCD
SPECT-CT provides additional information with 
regard to biological activity of an osteochondral 
defect. It enhances regions of increased bone 
turnover due to a more profound vascularity and 
osteoblastic activity. In addition to the CT scan 
SPECT provides additional information on the 

activity of the subchondral bone (Leumann et al. 
2011). The CT scan can be assessed as described 
in the previous section. The advantage of SPECT 
in comparison to MRI can be found in a more 
accurate lesion size estimation. However, SPECT 
has a lower specificity and high radiation burden 
and is therefore only of additional value in com-
plex cases with coexisting pathology where MRI 
or CT does not provide enough information on 
the status of the subchondral bone (van Bergen 
et al. 2015; Leumann et al. 2011).

7.4  Magnetic Resonance Imaging

7.4.1  Hardware and Positioning
Magnetic resonance imaging (MRI) of the ankle 
is considered challenging. For adequate assess-
ment of an OCD high-field scanners at 1.5 or 
3.0  T are required. 3.0  T systems are preferred 
considering their superior image contrast and car-
tilage visualization (Barr et al. 2007; Bauer et al. 
1987). Second, adequate multichannel surface 
coils are recommended with parallel imaging and/
or compressed sensing capability. In the literature 
knee coils have been used as well; however posi-
tioning of the ankle can be challenging and repro-
ducibility is questionable (Muhle et al. 1999). The 
patient should be positioned in supine position 
with extended legs on the table and the foot should 
be in dorsal flexion with the toes facing the ceiling 
in case of a regular foot and ankle coil.

7.4.2  Scan Protocol and Post- 
processing Software

In addition to the hardware, adequate imaging 
sequences are mandatory to detect OCDs of the 
ankle. Most imaging protocols consist of multi-
ple spin-echo sequences, including fluid- sensitive 
intermediate-weighted fast spin-echo sequences 
as well as nonfat-saturated T1-weighted and pro-
ton density-weighted sequences. Fat-saturated 
intermediate-weighted fast spin-echo sequences 
are used for tendon, ligament, cartilage, and bone 
marrow assessment (Link et  al. 2014). This 
sequence reduces chemical shift artifacts between 
the subchondral bone and the cartilage for better 
assessment of the OCD and the bone marrow 
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edema surrounding the defect. It remains hard to 
accurately assess subtle articular cartilage defects 
of the ankle due to the lack of spatial resolution, 
and partial volume effects of 2D sequences. 
Studies with 3D fast spin-echo sequences may be 
superior in the visualization of these subtle carti-
lage defects and subchondral bone changes (Chen 
et  al. 2010). To better depict the subchondral 
bone, bone marrow abnormalities, and tendons a 
short-tau inversion recovery (STIR) sequence 
might be considered, as this sequence reduces the 
amount of magic angle effects (Srikhum et  al. 
2013).

7.4.3  MR Imaging of an OCD
MRI is considered the best available option for 
the detection of OCDs. It has a sensitivity of 96% 
and a high specificity of 96% in detecting OCDs 
of the ankle (van Bergen et  al. 2015; Verhagen 
et al. 2005). Adequate assessment includes lesion 
location, size in three planes, subchondral bone 
marrow edema, subchondral sclerosis and/or cyst 
formation, general state of talar and tibial carti-
lage, and amount of delineation of the articular 

bone plate (Fig. 5). However, due to the presence 
of bone marrow edema the lesion size is known 
to be overestimated. The usefulness of MRI in 
determining the lesion size for preoperative plan-
ning is therefore controversial. Nevertheless, the 
degree of bone marrow edema (BME) has been 
associated with a worse clinical outcome, 
 following a microfracture procedure, than 
patients that did not have BME (Shimozono et al. 
2018). The added value of MRI for postoperative 
evaluation is less controversial and is gaining 
popularity, especially in the assessment of OCD 
repair tissue. For postoperative evaluation quanti-
tative imaging sequences such as T1rho, T2 map-
ping, and delayed gadolinium-enhanced MR 
imaging of cartilage (dGEMRIC) are being used 
to evaluate the success of the procedure.

7.5  Imaging ACR Appropriateness 
Criteria

An Expert Panel of Musculoskeletal Imaging 
published the ACR Appropriateness Criteria for 

a b c

Fig. 5 OCD appearance on various MR sequences. (a) 
Pd-TSE-Dixon, coronal in phase image, (b) Pd-TSE- 
Dixon, axial, water-only image, (c) T2W-TSE-Dixon, 
sagittal, water-only image. On the Pd-Dixon in phase 
images the cystic changes within the lesion are hyperin-

tense, whereas the sclerosis is hypointense (arrow).On the 
Pd- and T2w-Dixon water-only images the edema sur-
rounding the cystic lesions is seen (arrow). The true extent 
of the lesion is not clearly delineated
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chronic ankle pain to select the appropriate imag-
ing technique (Chang et  al. 2018). It is recom-
mended to follow these guidelines concerning 
ankle OCD pathology (Table 1).

8  Imaging Assessment

8.1  Alignment

Alignment of the ankle should be described as it 
influences joint biomechanics, and may play a 
role in decision-making. An orthopedic surgeon 
may choose to perform a concomitant osteotomy 
of the calcaneus or the distal tibia (supramalleo-
lar) in order to correct a varus or valgus malalign-
ment. It is therefore advised that radiologist 
assess hindfoot alignment through a bilateral 
long axial view or a “conventional” hindfoot 
alignment view (Reilingh et al. 2010).

8.2  Morphology

Concerning the morphology of the defect, a sys-
tematic approach is recommended. It should be 
emphasized that a good description of the sub-
chondral bone plate, size of the fragments, and 
overall size is most essential for the choice of 
treatment (Fig. 6). The following characteristics 

that should be assessed are summarized in 
Table 2.

8.3  Location

The location of the defect is important, as this 
influences whether the treatment of choice can be 
performed arthroscopically or should be done in 
an open manner. One could consider using a CT 
or MRI in (full) plantar flexion in order to assess 
accessibility of an anterior ankle arthroscopy 
(van Bergen et al. 2012). Reporting of the loca-
tion guided by the nine-grid scheme as presented 
by Raikin and Elias et  al. can standardize the 
location reporting as illustrated in Fig.  1 (Elias 
et al. 2009; Raikin et al. 2007).

8.4  Size

Assessment concerning lesion size should be per-
formed in all three dimensions, namely antero-
posterior, mediolateral, as well as depth (Fig. 7). 
In case of multiple assessments in time, any 
change in morphology as well as sizes (in all 
dimensions) should be described. Previous 
research has shown that bone marrow stimulation 
may be best suitable for defects with sizes less 
than 107.4 mm2 in area and/or 10.2 mm in diam-

Table 1 Table of the ACR appropriateness criteria for chronic ankle pain specified to osteochondral lesions

ACR Appropriateness Criteria osteochondral defects

Procedure

Appropriateness category Relative 
radiation 
level

MRI ankle without IV contrast Usually appropriate O
CT arthrography ankle May be appropriate ⊛
MR arthrography ankle May be appropriate O
Bone scan with SPECT or SPECT/CT ankle May be appropriate (disagreement) ⊛⊛⊛
CT ankle without IV contrast May be appropriate ⊛
MRI ankle without and with IV contrast Usually not appropriate O
CT ankle with IV contrast Usually not appropriate ⊛
CT ankle without and with IV contrast Usually not appropriate ⊛
X-ray ankle stress views Usually not appropriate ⊛
Ultrasound ankle Usually not appropriate O
X-ray arthrography ankle Usually not appropriate ⊛
Image-guided anesthetic injection ankle Usually not appropriate Varies
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eter (Ramponi et al. 2017). In case fixation of a 
defect is considered, a clear description of the 
defect is recommended. Fixation procedures are 
considered to be technically “more” amenable 
(Lambers et al. 2020).

8.5  Bone Marrow Edema (BME)

Subchondral bone marrow edema and its extent 
should be assessed on fat-suppressed T2-weighted 
(coronal or sagittal) sequences of the MRI. The 
extent of the BME can be determined by relating 
the volume of the BME to the total volume of the 
talar bone, in order to make an estimate of the 

involved area of interest. This can be done in the 
following manner: 0 accounts for absence of 
BME, 1 accounts for involved BME area less 
than 25% of talar volume, 2 accounts for an area 
between 25 and 50% of the talar volume, and 3 
should be referred to when more than 50% of the 
talar volume contains BME (Shimozono et  al. 
2018).

It should be mentioned that subchondral bone 
marrow edema should be interpreted in conjunc-
tion with the clinical complaints of the patient. 
The presence of BME should always be related to 
time-nature of an injury, i.e., whether the injury is 
acute or chronic (mostly referred to as <6 weeks 
or >6 weeks, respectively), as the timing of the 

Fig. 6 Description of the subchondral bone plate: presence of a bare area, sometimes referred to as a crater

Radiologic description of an osteochondral defect
• Number of osteochondral defects
• Fragmentation of cartilage*
• Sclerosis around the lesion
• Subchondral bone plate quality
• Description of cysts**

*  Fragmentation

• Size of fragment
• Attachment: loose
 or stable

** Cysts

• Number of cysts
• Size of cysts (three
 dimensions
• Open or enclosed
 cyst

Table 2 A description the 
radiological report must 
comply with for a targeted 
osteochondral defect 
treatment plan
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injury correlates largely with BME presence. 
However, it can certainly occur in later stages of 
the injury corresponding to damage of the sub-
chondral bone, subchondral collapse, (ongoing) 
cyst formation, cartilage loss, and, in later stages, 
osteoarthritis (Rios et  al. 2011; Weishaupt and 
Schweitzer 2002).

8.6  Staging

Staging of an OCD in the ankle is important and 
can contribute to the choice of treatment.

The purpose of a classification system should 
be to include the currently available diagnostic 
tools, address the etiology of the OCD, and direct 
treatment. However, it should be noted that the 
majority of the classification systems currently 

being used are of importance in creating (sub)
groups for scientific research rather than having a 
decisive role in treatment choice. The first clas-
sification system that was introduced for 
 osteochondral defects of the ankle was the one by 
Berndt and Harty (1959). The staging system is 
based on the radiological appearance of an OCD 
and assesses an OCD as a fracture, where the 
fracture model focuses on bone rather than carti-
lage. Although the classification system is fre-
quently used in practice, it does not direct 
treatment and is not based on current imaging 
(CT, MRI). The four stages as mentioned by 
Berndt and Harty are listed in Table 3.

In 1993, Loomer et al. adjusted the classifica-
tion system by Berndt and Harty through the 
addition of a fifth stage indicating a cystic com-
ponent of the lesion (Loomer et al. 1993).

Fig. 7 OCD measurements should be described in all three planes. Adequate measurements should be assessed perpen-
dicular to the other direction as illustrated. Note subchondral cyst formation and surrounding sclerosis

Berndt and Harty classification for osteochondral defects

Stage 1: Small area of compression of the subchondral bone.
Stage 2: Subchondral bone becomes partially avulsed
Stage 3: Complete avulsion of the subchondral bone without displacement
Stage 4: Subchondral bone is completely avulsed and displaced

Table 3 Berndt and Harty 
classification based on CT 
and MRI imaging
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Due to the fact that the aforementioned classi-
fication does not incorporate any currently applied 
radiological assessment (through MRI or CT), 
different MRI classification systems were intro-
duced in the late 1990s, by Dipaola et al. (1991), 
Taranow et al. (1999), and Hepple et al. (1999).

In 2003, Mintz et al. proposed a novel classifi-
cation system based on MRI with arthroscopic 
correlation with the aim to introduce a classifica-
tion system applicable to both MRI and ankle 
arthroscopy. The classification system is similar to 
the one by Hepple et al. with both having involve-
ment of the osseous part of the osteochondral 
defect from stage 3 onwards (Mintz et al. 2003).

The majority of the classification systems are 
based on MRI (Table 4); solely one classification 
system has been proposed based on CT (Table 5) 
(Ferkel et al. 2008).

9  Pitfalls in Imaging

The presence of kissing lesions, both in the talus 
and tibia, is a well-known entity. The literature 
states that kissing lesions are found in about 5% 
of the cases (Verhagen et al. 2005; Labovitz and 
Schweitzer 1998). Kissing lesions may be missed 
due to a phenomenon known as “satisfaction of 
search” (Samuel et  al. 1995) (Verhagen et  al. 
2005). Kissing lesions should not be confused 

with osteoarthritis, especially when other signs 
such as sclerosis, joint space narrowing, and 
osteophytes are lacking (Fig. 8).

With MR imaging bone marrow edema might 
be present and obscure the accuracy of size mea-
surements (Yasui et  al. 2019). One should be 
aware of this inaccuracy and consider making a 
CT preoperatively if there is any doubt about the 
treatment decision based on the OCD size.

10  Osseous Injury

In any sports an unexpected movement may 
cause acute osseous injury. The trauma mecha-
nism will easily explain the fracture extension. 
The more frequent encountered fractures in the 
ankle are beyond the scope of this chapter. 
However a specific sports-related fracture is dis-
cussed below.

10.1  Snowboarder’s Fracture

A well-documented sports-related fracture is the 
fracture of the lateral process of the talus. In a pro-
spective study of foot and ankle injuries in snow-
boarders a very high incidence of these fractures 
was found (Kirkpatrick  1998). It should be noted 
that many of these fractures are not visible on 

Magnetic resonance imaging osteochondral defect classification system

Stage 0: normal cartilage;
Stage 1: intact cartilage but abnormal MRI signal;
Stage 2: fibrous cartilaginous fissures or lesions but bone intact;
Stage 3: cartilaginous flap or subchondral bone exposed;
Stage 4: free but nondisplaced cartilaginous fragment;
Stage 5: free displaced fragment.

Table 4 Osteochondral 
defect classification system 
by Mintz et al. based on 
MRI imaging

Computed tomography osteochondral defect classification system 

Stage 1: Cystic lesion within dome of talus, intact roof on all views
Stage 2A: Cystic lesion with communication to talardome surface
Stage 2B: Open articular surface lesion with overlying nondisplaced fragment
Stage 3: Non-displaced lesion with lucent area
Stage 4: Displaced fragment 

Table 5 Osteochondral 
defect classification system 
by Ferkel et al. based on 
CT imaging
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standard radiography. When MRI is performed, 
usually in a later stage, when the patient is com-
plaining of chronic lateral ankle pain, bone marrow 
edema is seen. However it may still be hard to diag-
nose the fracture. MDCT will aid in diagnosing this 
lesion and can help the surgeon to tailor therapy.

11  The Foot

11.1  Osteochondral Injuries

Osteochondral defects of the foot can occur in the 
toes, especially in the first toe. It has been 
described in adolescent population, beach soccer 
players, soccer players, and elite ballet dancers 
and is characterized by pain, swelling, and ten-
derness at the interphalangeal joint (Kinoshita 
et  al. 1998; Altman et  al. 2008). Radiographic 
appearance is similar to an OCD of the ankle. 
Therapy often consists of microfracturing.

11.2  Skimboarder’s Toe

An injury of the dorsal aspect of the first metatar-
sophalangeal joint is described as a skimboard-
er’s toe (Donnelly et al. 2005). In this beachside 
sport a hyperdorsal flexion of the MTP joint 
causes injury to the extensor muscle, and the 
extensor expansion. On MRI a soft-tissue swell-

ing with edema is seen. The dorsal aspect of the 
extensor expansion is disrupted, while the plantar 
plate is intact. Bone marrow edema or joint effu-
sion can accompany the lesion.

12  Overuse Injury of the Foot

12.1  Navicular Stress Fracture

Stress fractures of the navicular bone are familiar 
lesions in athletes (Pećina 2004). They most 
often occur in explosive athletic activities, involv-
ing jumping, sprinting, and hurdling. Chronic 
stress usually produces sagittal fractures of the 
navicular bone. Patients typically present with 
complaints of poorly localized, midfoot tender-
ness or ill-defined soreness/cramping sensation 
in the foot that is aggravated by weight bearing 
and initiation of activity (Shakked et  al. 2017). 
On physical examination a localized painful 
point may be found on the proximal dorsal bor-
der. The navicular stress fracture will generally 
not be detected by plain radiology. As a rule of 
thumb, conventional radiography is not sensitive 
enough to detect these stress fractures (Gross and 
Nunley 2015). When there is a high clinical sus-
picion, further modalities can be used. Bone mar-
row edema is the key finding in diagnosing stress 
fractures with MRI.  A linear hypointense con-
figuration on T1-weighted MR sequences should 

a b

Fig. 8 Osteochondral defect with multiple cysts, irregular cortical subchondral bone plate, and osteophyte on the pos-
terior side of the talar joint (arrow, right image)
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be present when diagnosing a true fracture 
(Fig.  9). The use of high-resolution CT with 
0.6  mm axial source images and MPR in any 
given plane aids in making a final diagnosis and 

is useful for preoperative planning purposes and 
follow-up (Fig. 10). Dorsal cortical proliferation 
can be expected as early as 6 weeks following the 
injury using CT (Hossain et al. 2015).

Fig. 9 Stress fracture of the navicular bone. The fracture 
line (arrow) can be seen on a coronal Pd-TSE-Dixon, fat- 
only image. Diffuse edema surrounding the fracture line is 

seen (arrow) on the axial Pd-TSE-Dixon, water-only 
image. To visualize the extent of the fracture an additional 
CT scan is recommended as illustrated in Fig. 10

Fig. 10 Stress fracture of the navicular bone. CT scan shows the precise extent of stress fracture of the navicular bone
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12.2  Sesamoid Overuse Injury

Stress-related injury to the sesamoid bones, also 
known as sesamoiditis, is a common problem in 
athletes, who require maximum dorsiflexion of 
the great toe. Athletes at risk are joggers, sprint-
ers, figure skaters, ballet dancers, basketball 
players, football players, and tennis players. It is 
a painful condition increased with weight bearing 
under the first metatarsal head, usually in the 
region of the medial rather than the lateral 
sesamoid.

Sesamoiditis may have a variable appearance 
on imaging (Fig. 11). Sesamoiditis can be repre-
sented as a stress fracture of the sesamoid bone. 
However this has to be differentiated from bipar-
tite sesamoids, which can occur in up to 75% of 
patients (Biedert and Hintermann 2003; 
Robertson et  al. 2017). Other findings include 

bone marrow edema without a fracture line, reac-
tive soft-tissue edema, and tendinosis of the 
flexor hallucis tendon. Synovitis and bursitis are 
frequently associated. Some authors state that 
when edema is seen on TSTIR or fat-suppressed 
T2-weighted MR images with absence of abnor-
malities on T1-weighted MR images, this is 
favorable for sesamoiditis (Schein et al. 2015).

Things to Remember
 1. Think about an osteochondral defect of the 

ankle in a patient with chronic ankle pain.
 2. Standard radiography may detect but cannot 

exclude osteochondral defects.
 3. The most important features of the osteochon-

dral defect of the talus are the exact location, 
size, and extent. This is the surgical question 
that imaging needs to address.

 4. Both MRI and CT imaging with MPR may 
document an osteochondral defect.

a b

c

Fig. 11 Sesamoid stress fracture. (a) Sagittal reformatted 
CT images show sclerosis, collapse, and fragmentation of 
the medial sesamoid bone (black arrows) of the right foot. 
(b) Short-axis T1- and (c) FS T2-WI shows fragmenta-

tion, collapse, and abnormal signal of the medial sesa-
moid (white arrow) compared to the normal lateral 
sesamoid (case courtesy F.M. Vanhoenacker)
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Imaging Boxes

Standard Radiography

Used for initial survey and to define addi-
tional pathology.

AP view most helpful, lateral not in detect-
ing OCD.

When negative, OCD is not ruled out.
Additional AP view with 4  cm heel rise 

may be beneficial.

MRI

Golden standard in detecting OCD.
Bone marrow edema detection is impor-

tant, yet hampering adequate true lesion 
demarcation.
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Abstract

Lower limb injuries are extremely common in 
sports, particularly contact sports. The injuries 
can be divided into acute and chronic causes. 
It is important for the radiologist to be aware 
of all the possible causes of both acute and 
chronic symptoms within the lower leg and 
also any subsequent complications so that the 
correct imaging modalities can be selected 
and the possible range of pathologies consid-
ered. This chapter discusses the biomechanics 
of lower limb injury as well as the most com-
mon acute and chronic causes seen in sports 
and also any potential complications and their 
characteristic imaging findings. The most 
appropriate imaging modalities for each of the 
conditions are also described.
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1  Introduction

The lower limb is subject to marked biomechani-
cal stresses during the majority of athletic activ-
ity (Dvorak and Junge 2000). This region is the 
most frequently injured area in a number of 
sports with audits in professional football dem-
onstrating 87% of all injuries occurring here, in 
particular the thigh (23%), ankle (14%), knee 
(18%), leg (11%) and groin (14%). Among acute 
lower extremity injuries, ankle sprain occurred in 
7% and thigh strain in 17% (Ekstrand et al. 2011).

This chapter discusses the biomechanics of 
lower limb injuries and also the role of imaging 
in their management, highlighting specific acute 
and chronic osseous, muscle and tendon injuries 
commonly encountered in athletes. Injuries relat-
ing to the pelvis, knee, ankle and foot will not be 
discussed in detail as these areas are covered in 
their specific chapters.

2  Acute Osseous Injury

Biomechanically the cortex provides the majority 
of a bone’s strength for force absorption (Nordin 
and Frankel 2001a). The trabecular bone and 
marrow contribute relatively little to the overall 
strength but do determine the bone’s cross- 
sectional area influencing the distribution of 
applied forces, important for resisting chronic 
stress and explaining the subsequent distribution 
of injuries particularly seen in the tibia.

Acute trauma in the context of sporting inju-
ries frequently results in soft-tissue injury; how-
ever, in contact sports acute fractures may also 
occur on tackling or player collision (Hawkins 
et  al. 2001; Fuller et  al. 2004; Chomiak et  al. 
2000). In the context of sports injuries, acute 
fractures of the femur and hip are rare but injuries 
of the tibia, fibula, ankle and foot are more 
frequent.

In contrast to chronic osseous injuries where 
concomitant injuries and local muscle imbalance 
are important for injury development, in acute 
injury the forces applied are usually sudden and 
excessive leading to acute structural failure (frac-

ture) not dependent on concomitant injuries 
(Nordin and Frankel 2001a). The rate of force 
application is also important, as forces applied at 
a high rate induce increased bone stiffness result-
ing in shattering if the bone strength limit is 
exceeded. As bone fails, the energy producing the 
fracture is dissipated into the soft tissues result-
ing in significant associated injury due to the high 
energies involved (Nordin and Frankel 2001a).

The forces applied to the tibia and fibula can 
be direct, torsional or bending which influence 
the subsequent fracture configuration. The major-
ity of fractures of the tibia and fibula usually have 
an oblique orientation in the mid to distal shaft 
resulting from the lateral or medial oblique forces 
produced from a direct blow during a fall, from 
tackling or from falling players (Figs. 1, 2, 3, and 
4) (Giza et al. 2003; Fuller et al. 2004). This par-
ticular fracture pattern involving a direct blow 
and low velocity is sometimes termed ‘foot-
baller’s fracture’ (Boden et al. 1999; Chang et al. 
2007).

2.1  Imaging Strategy 
and Management

For fractures of the tibia and fibula radiographs 
are usually sufficient to confirm the diagnosis 
and fracture configuration (Figs. 1 and 2). CT and 
MR imaging can be used to confirm fractures 
when radiographs are negative and an undis-
placed fracture rather than just soft-tissue contu-
sion is suspected (Figs.  3 and 4) (Jarraya et  al. 
2013).

CT is the method of choice in detecting 
osteopenia, one of the earliest imaging findings 
in fatigue cortical bone injury (Gaeta et  al. 
2005). Moreover, CT utilising dual energy via 
the virtual non-calcium-subtraction technique 
can be used for the detection of bone marrow 
oedema after trauma, especially in cases when 
MR imaging is contraindicated (Nicolaou et al. 
2012).

MR imaging demonstrates soft-tissue oedema 
in the area of impact but also allows evaluation of 
the cortical and trabecular bone for oedema and 
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low-signal fracture lines. Cortical abnormalities 
include buckling or increased thickness with high 
T2-weighted signal due to periosteal haematoma 
(Fig. 3).

Treatment for tibia and fibula fractures is often 
conservative with casting, but if the injury is of 
high velocity resulting in bone comminution and 
soft-tissue disruption, internal fixation and soft- 
tissue reconstruction will be required. In these 
cases, CT examination can be useful to define the 
exact fracture configuration and extent for surgi-
cal treatment. Despite the soft-tissue damage 
subsequent reconstruction (primary or grafting) 
does not require MR or ultrasound imaging 
unless there are specific vascular complications.

The recovery time for these injuries will 
depend on the fracture position and severity of 

associated injuries. While the majority of patients 
sustaining a lower limb fracture will return to 
their sport, fracture of the tibia and fibula can be 
career ending for athletes involved in contact 
sports (Chomiak et al. 2000). One series on 357 
soccer players presenting with fractures reported 
that 83% of players made a full return to sport 
taking a mean of 15 ± 17 weeks with fractures of 
the distal tibial diaphysis having the highest rate 
of morbidity and non-return to soccer (Robertson 
and Wood 2017). Non-union is the most signifi-
cant complication and if appearances are indeter-
minate on radiographs ultrasound or CT can be 
used to give a more accurate assessment of callus 
formation. If non-union is confirmed internal 
fixation and bone grafting may be required, 
which is not without complication (Fig. 2).

a bFig. 1 (a, b) Footballer 
with acute severe leg 
pain after a tackle. (a) 
Anteroposterior (AP) 
and (b) lateral 
radiographs, both 
showing a comminuted 
oblique displaced 
fracture through the 
diaphysis of the tibia 
and an oblique fracture 
of the distal fibula. The 
player went on to have 
plate fixation of the 
fractures
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a b

Fig. 2 (a) AP radiograph of a tibial fracture and a proxi-
mal fibular fracture in a professional footballer treated 
with intramedullary nail. There is persistent non-union 
across the fracture site. (b) The intramedullary nail had to 

be removed and a circular frame was applied due to non- 
union secondary to infection. Antibiotic beads were 
implanted providing a method for antibiotic delivery

a b c

Fig. 3 (a–c) Professional footballer with severe lower leg 
pain after stamping; radiographs showed some cortical 
irregularity. (a) Coronal T1-weighted and (b) T2-weighted 
fat- suppressed MR images show depression of the distal 
medial tibial cortex (arrows) with associated bone marrow 

oedema. (c) Corresponding axial T1-weighted MR image 
shows the main cortex (arrows) with periosteal haema-
toma and elevation (arrowheads). Note the defect in the 
elevated periosteum with haematoma (*)
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3  Chronic Exertional Leg Pain

The commonest causes of chronic exertional ath-
letic lower extremity pain include medial tibial 
stress syndrome, stress fractures, chronic exer-
tional compartment syndrome and popliteal 
artery and nerve entrapment (Gaeta et al. 2008). 
Several series have found slightly different inci-
dences for each type of injury but together these 
processes most frequently occurr in athletes 

(Kaufman et  al. 2000; Edwards Jr. et  al. 2005; 
Bonasia et al. 2015).

3.1  Chronic Osseous Stress 
Response and Injury

Overuse injuries occur when the ability of corti-
cal bone to remodel and compensate is exceeded 
by chronic excessive forces not individually 

a

b

c

Fig. 4 (a–c) Footballer with lateral leg pain following a 
tackle. (a) Plain-film radiograph—lateral view of the right 
fibula fracture. (b) Coronal T1-weighted MR image show-
ing a cortical defect in the mid- shaft of the fibula (arrow). 

(c) Axial T2-weighted fat-suppressed MR image showing 
muscle contusion and a fibular fracture with associated 
bone marrow oedema
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reaching acute overload (Nordin and Frankel 
2001a; Anderson et al. 1997). Causes of increased 
stress normally relate to a sustained increase in 
training and more commonly present in athletes 
who are female, have suffered prior osseous 
injury and have concomitant lower limb injuries 
(e.g., muscle strain) and especially in the lower 
leg, if there is ankle pronation (Anderson et  al. 
1997; Batt et  al. 1998; Fredericson et  al. 1995; 
Gaeta et  al. 2008). Causes of increased stress 
include low bone mineral density, hormone 
imbalance, low-fat diet, high-mileage running, 
leg length discrepancy, high longitudinal arch of 
the foot and excessive forefoot varus (Bonasia 
et al. 2015).

Studies of military recruits have shown that 
stress injuries and fractures most commonly 
affect the calcaneus and metatarsals (Jarraya 
et  al. 2013). In the femur stress reactions most 
frequently occur in the femoral neck and are 
important to detect early as the consequences for 
osteonecrosis or complete fracture are serious 
(Robertson and Wood 2017).

3.1.1  Tibia and Fibula
In the tibia the fracture position can vary accord-
ing to sporting activity, with runners experienc-
ing middle to distal third, dancers middle third 
and jumping athletes (e.g., tennis, basketball and 
volleyball) proximal third injuries (Batt et  al. 
1998). The mid and distal diaphysis of the tibia is 
thought to be the most vulnerable region as this is 
the narrowest cross-sectional area of the bone 
and has relatively little surrounding musculature 
to dissipate applied forces. In the tibia, compres-
sive forces concentrate medially and fractures 
can present here or be part of medial tibial stress 
syndrome (MTSS, see below) (Gaeta et al. 2008). 
Fractures that develop on the anterolateral tibia 
occur as a result of tensile forces and subse-
quently have a higher risk of non-union, espe-
cially if the orientation is longitudinal and not 
perpendicular to the cortex (Fredericson et  al. 
1995; Edwards Jr. et al. 2005; Green et al. 1985). 
Fibular stress fractures are much less frequent 
and usually occur at the distal shaft, 5–6 cm prox-
imal to the lateral malleolus (Bonasia et al. 2015).

Symptoms are usually of insidious onset, 
occurring on exertion, and are a differential diag-
nosis for chronic exercise-induced pain. However, 

if allowed to progress pain can be present at rest 
or on weight bearing (Fredericson et  al. 1995; 
Edwards Jr. et al. 2005). In contrast, in chronic 
exertional compartment syndrome pain subsides 
after cessation of exercise (Ringler et al. 2013).

Clinical findings include localised tenderness 
and indirect pain produced by tibial percussion at 
a distant site (Batt et al. 1998; Yates and White 
2004; Bonasia et al. 2015). This latter finding is 
thought to correlate well with more severe clini-
cal and imaging extent (Fredericson et al. 1995).

3.2  Medial Tibial Stress Syndrome 
(MTSS)

This is an overuse syndrome in running and 
jumping athletes which is defined as involving 
the posteromedial tibial periosteum (Batt et  al. 
1998; Yates and White 2004). There has been pre-
vious controversy concerning the aetiology of 
this condition with initial theories suggesting a 
chronic periosteal traction injury from adjacent 
muscles (Anderson et al. 1997; Batt et al. 1998; 
Fredericson et al. 1995; Yates and White 2004). 
However, the osseous changes are usually distal 
to the main muscle origins and it is now thought 
to be the beginning of the spectrum of osseous 
stress reaction of the tibia (Figs. 5 and 6). This 
condition is interchangeable with posterior ‘shin 
splints’ and some clinicians define both terms as 
lower leg exertional pain not due to a compart-
ment syndrome, fracture or muscle hernia (Batt 
et al. 1998; Edwards Jr. et al. 2005).

Compressive stresses are concentrated on the 
concave aspect of the posteromedial tibial cortex 
stimulating osteoblastic and osteoclastic activity 
as the bone remodels (Anderson et al. 1997, Batt 
et  al. 1998, Fredericson et  al. 1995, Yates and 
White 2004). As with other osseous stress reac-
tions, as the repetitive loading continues, trabecu-
lar failure may occur, ultimately resulting in 
cortical fracture (Fig. 7).

MTSS is a very common cause of overuse leg 
injury, with an incidence ranging from 4% to 
35% in athletic and military recruits (Bonasia 
et al. 2015). As in other osseous stress injuries the 
development of this condition is increased in ath-
letes that are female, have a pronated foot or have 
injury elsewhere within the lower limb kinetic 
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chain (Batt et al. 1998; Yates and White 2004). It 
is bilateral in over 70% of cases which is thought 
to relate to running and jumping (e.g., basketball 
and tennis) being the most common underlying 

mechanisms of injury. The area of diaphysis 
affected can vary depending on sporting activity 
but the majority of injuries involve the mid and 
distal diaphyseal region where the cross-sectional 

a b

c

Fig. 5 (a–c) Long-distance runner with recurrent anterior 
lower leg pain. (a) Coronal proton-density MR image of 
the tibia showing a fracture line (arrow) in the anterior 
tibial cortex and associated marrow oedema-like signal 
intensity in keeping with a stress fracture. (b) Axial 
proton- density-weighted MR image of the tibia showing 

marrow oedema-like signal intensity (arrow) in the ante-
rior cortex of the tibia. (c) Lateral radiograph shows corti-
cal hypertrophy and a ‘black line’ defect on the anterior 
cortex of the middle third of the tibia. Persistent fracture 
in this case resulted in the need for IM nail insertion in 
order to aid healing

Acute and Overuse Lesions of the Leg and Calf



584

area is smallest (Batt et al. 1998; Anderson et al. 
1997; Fredericson et  al. 1995; Yates and White 
2004). Clinical findings include diffuse postero-
medial tibial tenderness which is unaffected by 
ankle or knee movement (Batt et  al. 1998; 
Edwards Jr. et al. 2005; Bonasia et al. 2015).

3.2.1  Imaging and Management 
of Osseous Stress Reaction

In athletes it is especially important to make an 
early diagnosis and determine the extent of osse-
ous damage to give prognostic information (Ohta-
Fukushima et al. 2002). Radiographs are insensitive 
and can be negative in up to 85% of cases but are 
usually performed initially to exclude a complete 
fracture (Fig.  6) (Anderson et  al. 1997; Ohta-
Fukushima et al. 2002; Batt et al. 1998; Fredericson 
et al. 1995; Gaeta et al. 2005; Bonasia et al. 2015). 
MR imaging has been repeatedly shown to be an 
accurate, sensitive and specific technique com-
pared to CT and isotope scanning (Anderson et al. 
1997; Milgrom et  al. 1984; Batt et  al. 1998; 
Fredericson et al. 1995; Gaeta et al. 2005).

T2-weighted (fat-suppressed) MR sequences 
are most sensitive for detecting periosteal, corti-
cal and bone marrow oedema (Fig. 8) (Anderson 
et al. 1997; Batt et al. 1998; Gaeta et al. 2005). 
Isotope bone scans show increased activity but 

a b

Fig. 6 (a, b) Professional athlete with persistent anterior 
lower leg pain. (a) Axial T1-weighted MR image and (b) 
axial proton-density-weighted fat-suppressed MR image 

reveal bone marrow and endosteal oedema (arrow) involv-
ing the anterior aspect of the mid diaphysis of the tibia, in 
keeping with a stress reaction, but no fracture is seen here

Fig. 7 Female marathon runner presenting at major 
games with continuous anterior tibial pain. Lateral radio-
graph of the tibia shows anterior cortical thickening and 
multiple stress fractures. The athlete had to withdraw 
from competition
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lack spatial resolution (Fig. 9) and can be nega-
tive if osteoblastic activity is markedly reduced 
(Milgrom et al. 1984).

The MR classification and the management of 
osseous stress reaction are summarised in Table 1. 
Further discussion is beyond the scope of this 
chapter (see Lefere et al. 2021 and Karantanas 
2021, respectively).

3.3  Chronic Exertional 
Compartment Syndrome 
(CECS)

Compartment syndrome is defined as increased 
interstitial pressure within an anatomically con-
fined compartment that interferes with neurovas-
cular function. Normal pressures within a muscle 
compartment are between 0 and 4 mmHg and can 
peak above 60  mmHg on exercise but quickly 
dissipate on cessation. However, if this pressure 
is sustained above 15 mmHg blood flow is com-
promised and muscle ischaemia can occur 
(Zabetakis 1986). The pathophysiology of 
increased tissue pressures is not yet fully under-
stood (Guermazi et al. 2017).

Chronic exertional compartment syndrome 
commonly affects the anterior and lateral calf 
lower leg muscular compartments (Peterson and 
Renstrom 1986; Zabetakis 1986; Martens et  al. 
1984; Gaeta et  al. 2008). It is thought to occur 
because of abnormally increased pressure within 
muscle compartments enclosed by relatively 
noncompliant fasciae. Potentially any athlete can 
be affected but it is particularly common in dis-
tance runners, cyclists and cross-country skiers. 
The athlete usually presents with crescendo pain 

Fig. 8 Running athlete with clinical diagnosis of anterior 
shin splints. Axial T2-weighted fat-suppressed MR image 
shows marked anterolateral periosteal oedema of the tibia 
with no associated intracortical or bone marrow change

a cb

Fig. 9 (a–c) Running athlete with tibial pain. (a) Lateral 
radiograph shows diffuse anterior cortical thickening 
(arrowheads) with an ill-defined lucency in the superficial 
cortex (arrow). (b) Isotope bone scan image shows 

increased uptake (arrow) in the region. (c) Corresponding 
axial CT shows diffuse resorption through the anterior 
cortex but also a linear fracture (arrows)
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and paraesthesia after exercise which eases on 
ceasing activity and unlike popliteal artery syn-
drome is not posture dependant (Martens et  al. 
1984; Nicholas and Hershman 1986). There may 
also be muscle swelling and it is important to rule 
out an underlying muscle hernia which usually 
exists in 40–60% of patients (Bonasia et  al. 
2015). The diagnosis can sometimes be made 
with history alone but intracompartmental pres-
sure monitoring, MRI and near-infrared spectros-
copy are useful to establish a diagnosis (Bonasia 
et al. 2015). Recent work has demonstrated that 
the sensitivity of MRI in the diagnosis of chronic 

exertional compartment syndrome was compara-
ble to measuring compartment pressure with a 
slit or weak catheter (Gaeta et al. 2008).

3.3.1  Imaging
The role of near-infrared spectroscopy and MRI 
is yet to be established in the diagnosis of chronic 
exertional compartment syndrome (Bonasia et al. 
2015) and it is not routinely used in clinical prac-
tice at present.

On ultrasound the muscle can appear echo-
genic with relative sparing of periseptal areas 
which are still receiving sufficient blood flow 
from the adjacent fascia (Van Holsbeeck and 
Introcasco 2001). Studies evaluating muscle 
cross-sectional area on ultrasound both before 
and after exercise describe two different patterns 
in symptomatic patients. In one group the muscle 
compartment cannot expand with a relatively 
rigid fascia compared to normal subjects (where 
muscle volume can increase by 10–15%). In the 
other symptomatic group, although the muscle 
compartment does expand during exercise, there 
is a slow reduction in volume post-exercise com-
pared to normal subjects (Van Holsbeeck and 
Introcasco 2001).

Post-exercise MR imaging can show oedema 
in the clinically affected muscles confirming the 
diagnosis (Fig.  10). However, this technique 

Table 1 Summary of MR imaging classification and 
potential relationship with return to weight bearing for 
osseous stress injuries (Fredericson et al. 1995)

MR grade
Grade 
1

Grade 
2

Grade 
3 Grade 4

Periosteal and 
adjacent 
soft-tissue 
oedema

− + + +

Bone marrow 
oedema

− − + +

Cortical 
fracture

− − − +

Typical time to 
weight bearing 
(weeks)

2–3 3–6 6–9 12+ 
(including 
6 weeks in 
cast)

a b

Fig. 10 (a, b) Running athlete with chronic exertional 
right-leg pain. Axial T2-weighted fat-suppressed MR 
image post- exercise shows persisting soleus oedema 

(arrowheads) (a), on right right side, and (b) normal 
appearances on the left asymptomatic side. The athlete 
underwent fasciotomy
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despite being sensitive post-exercise is not com-
pletely specific with oedema being found in 
asymptomatic athletes and normal muscle 
appearances occurring in athletes with objective 
clinical features (Fig. 11) (Tucker 2010).

The initial treatment of chronic exertional 
compartment syndrome includes training modifi-
cations and assessment for orthotics; however, if 
symptoms persist fasciotomy of the muscle com-
partment is performed. Morbidity can potentially 
result if there is subsequent muscle herniation or 
scarring (Van Holsbeeck and Introcasco 2001).

3.4  Vascular and Nerve 
Compression

3.4.1  Vascular
Popliteal artery entrapment is an uncommon 
cause of chronic exertional calf pain which can 
occur during exercise or on particular postural 
changes (Atilla et al. 1998; Elias et al. 2003). The 
condition is usually precipitated in young male 
athletes by a change in muscle bulk due to ado-
lescent growth or increased training (Atilla et al. 
1998; Collins et al. 1989; Edwards Jr. et al. 2005). 
This most commonly occurs in sports which 
involve high-intensity repetitive plantar and dor-
siflexion such as soccer, basketball and running. 

Repeated knee flexion resulting in microtrauma 
and intimal fibrosis of the artery resulting in this 
condition have been described in a skier (Toorop 
et al. 2004).

Symptoms occur due to muscle ischaemia 
from compression of the popliteal artery (and 
occasionally vein) at the level of the medial head 
of gastrocnemius (MHG). The MHG can be nor-
mal with compression resulting from muscle 
hypertrophy; however, more frequently there is 
also a congenital anomalous origin or fibrous 
slip. Causes of the condition can be classified 
into six types (Fig. 12): medial deviation of pop-
liteal artery and normal MHG (type 1), aberrant 
origin of MHG from intercondylar notch com-
pressing the artery (type 2), slip of MHG com-
pressing the popliteal artery (type 3), popliteal 
artery passing deep to popliteus muscle or fibrous 
band in the popliteal fossa (type 4), any entrap-
ment also resulting in the involvement of the pop-
liteal vein (type 5) and compression of a normal 
artery by a normal but hypertrophied MHG (type 
6) (Collins et al. 1989; Rich et al. 1979; Labmayr 
et al. 2019).

The diagnosis is clinical with complete loss or 
a decrease in ankle pulses between dorsiflexion 
and plantarflexion associated with calf and foot 
pain. The underlying abnormality can be bilateral 
in up to 67% but does not always result in bilat-
eral symptoms (Collins et  al. 1989; Chernoff 
et al. 1995; Hai et al. 2008).

3.4.2  Imaging and Management
The diagnosis, extent and severity of compres-
sion can be confirmed by imaging using a combi-
nation of ultrasound, MR imaging (angiography) 
or conventional arteriography. Ultrasound is typi-
cally the first technique used and can depict 
change in vessel calibre and distal flow showing 
systolic peaks and dampening during dynamic 
manoeuvres (Fig.  13a, b). The artery may be 
medially deviated by muscle, but this is present 
in less than 25% of cases. MR imaging is nearly 
always then performed as it allows complete non- 
invasive investigation of muscular anatomy while 
time-of-flight angiography can depict vessel 
compression in different foot positions (Fig. 13c) 
(Atilla et  al. 1998). Subsequent complications 

Fig. 11 Running athlete with chronic exertional right-leg 
pain, clinically related to soleus. Axial T2-weighted fat- 
suppressed MR image post-exercise shows soleus oedema 
(arrows). Note asymptomatic peroneus muscle oedema 
(arrowheads)
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such as adventitial disease or post-stenotic aneu-
rysms can also be demonstrated by MR imaging 
although this is rare in true athletic-induced pain. 
If MR imaging features are equivocal angiogra-
phy may be required to more accurately define 
the degree of compression (Fig.  13d, e) (Atilla 
et al. 1998; Edwards Jr. et al. 2005).

3.4.3  Nerve Compression
Treatment in athletes usually requires surgical 
release of the MHG and anomalous slips:

In the lower limb this most commonly involves 
the common or superficial peroneal nerves. This 

is usually thought to be due to fascial thickening 
or scarring (see later) or less commonly because 
of an adjacent bony abnormality, ganglion cyst or 
an intraneural ganglion (Nicholas and Hershman 
1986; Yablon et  al. 2016). Superficial peroneal 
injury can occur secondary to trauma and is seen 
in dancers, football players and runners. The 
peroneal nerve has a superficial course and lacks 
epineural supporting tissue with traction injuries, 
contusion and penetrating trauma being the three 
mechanisms involved in the spectrum of patho-
logical conditions. Traction injuries of the pero-
neal nerve can occur following ankle inversion, 
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high-grade varus sprains of the knee, proximal 
fibular fractures, dislocation of the knee and pos-
terolateral corner injury. Oblique locking screws 
in intramedullary tibial nailing may also result in 
peroneal nerve palsy.

Direct impact in contact sports and football 
may result in peroneal nerve contusion. The 
nerve will appear hyperintense on T2-weighted 
imaging, hypointense on T1-weighted imaging 

and thickened. Oedema in the adjacent lateral 
compartment muscles and in the proximal fib-
ula should alert the reporting radiologist to a 
potential peroneal nerve lesion. Other miscel-
laneous lesions resulting in peroneal nerve 
injuries include anterior or lateral compart-
ment syndrome after minor trauma and a 
Morel-Lavallée lesion (Van Den Bergh et  al. 
2013).

a b

c d e

Fig. 13 (a–e) Male track hurdler with recent onset of 
intermittent calf pain. (a) Doppler ultrasound evaluation 
of the right popliteal artery shows normal systolic and dia-
stolic waveform. (b) Corresponding evaluation with plan-
tarflexion shows dampening of the systolic and diastolic 
variation consistent with arterial compression. (c) Time- 
of- flight MR angiography image shows complete vessel 

occlusion on plantarflexion (arrow). (d) Subtraction angi-
ography image shows normal vessel calibre in neutral 
position and (e) subsequent complete occlusion on plan-
tarflexion. At surgery an anomalous slip of the medial 
head of the gastrocnemius was identified (grade 3 
abnormality)
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A ganglion of the proximal tibiofibular joint 
can result in direct compression of the common 
peroneal nerve (Fig.  14a, b) or actually extend 
into and along the nerve sheath (Fig. 14c) (Ilahi 
et al. 2003; Miskovsky et al. 2004; Spinner et al. 
2000).

Traditionally the diagnosis of peripheral neu-
ropathy has been based on history, clinical find-
ings and electromyography. Imaging also plays 
an important role and magnetic resonance neu-
rography is gaining an increasing role in the diag-
nosis of peripheral nerve disorders (Chhabra 
et al. 2012).

4  Acute Lower Limb Muscle 
Injury

Muscle and tendon injury most commonly 
occurs at zones of anatomical or functional 
transition as these sites generate the greatest 
concentrations of intrinsic forces (Garrett Jr. 
et al. 1987; Nordin and Frankel 2001b). These 
are the commonest injuries in all sporting activ-
ities because the lower limb is essential for ath-
letic movement.

4.1  Biomechanical Basis of Acute 
Lower Limb Muscle Injury

Lower limb muscles experience a wide range of 
physiological movement and must be able to 
maintain significant stamina while undergoing 
repetitive explosive activity. Studies have shown 
that acute muscle injury, especially of the lower 
limb, accounts for more than 37% of all athletic 
injuries. The hamstring muscle complex is the 
most commonly affected (Guermazi et al. 2017). 
The rectus femoris and gastrocnemius muscles 
are also frequently affected. These muscles are 
more susceptible because they contain a high 
proportion of fast-twitch type 2 fibres and span 
multiple joints (Guermazi et al. 2017).

4.2  Imaging of Acute Lower Limb 
Muscle Injury

In experienced hands and with modern equip-
ment MR imaging and ultrasound are both accu-
rate techniques for the evaluation of lower limb 
muscle injury (Robinson 2004; Van Holsbeeck 
and Introcasco 2001; Connell et al. 2004; Cross 

a b c

Fig. 14 (a–c) Two runners with lateral calf pain on exer-
tion. (a) Axial T2-weighted fat-suppressed MR image 
shows a ganglion (arrows) extending into the peroneus 
muscles adjacent to the fibula (F). Note low-signal fibrous 
tissue (*) within the ganglion. (b) Coronal T1-weighted 
fat-suppressed post-IV gadolinium MR image shows low- 

signal fluid (*) and the enhancing ganglion wall (arrows) 
tracking to the tibiofibular joint (T = tibia, F = fibula). (c) 
Coronal T2-weighted fat-suppressed MR image in a dif-
ferent runner shows a high signal and enlarged common 
peroneal nerve (*). At surgery this was found to be a neu-
ral cyst originating from the tibiofibular joint
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et  al. 2004; Steinbach et  al. 1998; Flores et  al. 
2018). However, the large muscle bulk often 
present in athletes means that the depth of resolu-
tion and field of view offered by ultrasound can 
be limiting especially in the pelvis and proximal 
thigh. Acute muscle injuries can be classified as 
direct or indirect, with direct injuries resulting in 
lacerations and contusions and indirect injuries in 
muscle tears. The latter account for the majority 
of significant muscle injuries in high-level ath-
letes (Purohit and King 2015). In mild contusion, 
US shows focal isoechoic muscle swelling and 
the lesion usually resolves quickly. With more 
severe contusions, the haematoma may vary in 
appearance depending on the time between injury 
and examination. Initially within the first 20  h 
haematomas may appear both hyperechoic and 
hypoechoic. Within the following days, haemato-
mas tend to appear hypoechoic or anechoic and 
will subsequently resolve, possibly resulting in 
scar tissue (Draghi et al. 2013).

4.2.1  Hamstring Injuries
This muscle group is particularly susceptible to 
strain with injury occurring during running and 
sprinting as the muscles eccentrically contract 
decelerating knee extension (Mink 1992; 

Shellock et  al. 1991; Nicholas and Hershman 
1986; Garrett Jr. 1988; Slavotinek et al. 2000; De 
Smet and Best 2000; Garrett Jr. et al. 1984; Speer 
et  al. 1993; Taylor et  al. 1993; Rubin 2012). 
Contusions to the hamstrings are rare (Rubin 
2012). The three muscles (semimembranosus, 
semitendinosus and biceps femoris) cross two 
joints (hip and knee) and have the largest propor-
tion of type 2 fast-twitch fibres in the body. A 
number of clinical and imaging studies have con-
firmed that the long head of biceps femoris is the 
most commonly injured muscle accounting for 
over 80% of all injuries (alone or in combination) 
with partial tears more common than complete 
tears (De Smet and Best 2000; Slavotinek et al. 
2000; Speer et  al. 1993; Rubin 2012). In com-
parison to the other muscles within the group it 
has two heads proximally (long and short), which 
mechanically reduces the elasticity of the muscle 
making it more susceptible to acute injury 
(Fig.  15). The proximal or distal myotendinous 
area can be injured with almost equal incidence 
and strains can appear intramuscular as histologi-
cally the tendons extend throughout a large pro-
portion of the main muscle (Fig. 16) (Garrett Jr. 
et al. 1984). Acute injuries are more frequent in 
older players and those with previous identical 

Fig. 15 Professional footballer with acute-onset thigh pain. Axial T2-weighted fat-suppressed MR image shows minor 
area of oedema (arrow) within the long head of biceps femoris (grade 1 injury)
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hamstring injuries. Hamstring injuries increase 
during the competitive season (Hagglund et  al. 
2013).

Semimembranosus and semitendinosus are 
rarely affected on their own although isolated 
semitendinosus tears can occur particularly in 
running and jumping athletes (De Smet and Best 
2000). This is thought to be secondary to sudden 
forced hip flexion with knee extension which is 
required to hurdle or perform the long jump.

Several studies have evaluated specific imag-
ing factors for hamstring injury and subsequent 
time to recovery. There are numerous imaging 
systems for grading of acute muscle injury with 

the most widely used being the ‘modified 
Peetrons’ and BAMIC (British Athletics Muscle 
Injury Classification) methods (Pollock et  al. 
2014). Studies have shown that these techniques 
are reasonably reproducible; however their iso-
lated use for predicting return to play is less so. 
Higher grade (severe) injuries do correlate with a 
significantly longer return to sport but the lower 
grades in these classifications are less 
discriminatory.

The British Athletics Muscle Injury 
Classification grades hamstring injuries from 0 to 
4 based on MRI indicators of injury extent (cross- 
sectional area and length of injury) and classifies 

a b

c

Fig. 16 (a–c) Professional footballer with recurrent ham-
string injuries. (a) Axial T2-weighted fat-suppressed MR 
image from 2002 shows an acute grade 2 injury involving 
the long head of biceps femoris (small arrowheads). (b) 
Corresponding longitudinal ultrasound image 1  week 
later shows a hypoechoic haematoma (H) with an area 

(arrowheads) occupying 10–20% of the muscle diameter 
(grade 2 injury). (c) Axial T2-weighted fat-suppressed 
MR image from new injury in 2005 shows marked oedema 
involving the myotendinous junction of the short and long 
heads (arrowheads) of biceps femoris
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location according to their anatomical site: myo-
fascial (a), musculotendinous (b) or intratendi-
nous (c).

Grade 0 injuries encompass injuries that are 
MRI negative reflecting a focal neuromuscular 
injury or muscle injury consistent with 

DOMS. Grade 1–3 injuries are small, moderate 
or extensive tears of muscle tissue, respectively 
(Figs. 16, 17, and 18). Grade 4 injuries are com-
plete tears to either muscle or tendon.

Hamstring injuries that are intratendinous are 
more prone to re-injury and result in a delay in 

a b

Fig. 17 (a, b) Professional footballer with acute-onset 
thigh pain. (a) Axial proton-density-weighted fat- 
suppressed MR image and (b) corresponding coronal pro-
ton-density-weighted fat-suppressed MR image 
demonstrate a hamstring tear (arrow) represented by a 

region of high signal intensity adjacent to the myotendinous 
junction of the long head of biceps femoris with interstitial 
feathery high signal. The tendon demonstrates features of 
laxity indicative of tendon involvement (BAMIC grade 2c 
injury). Moderate perifascial fluid is also present

a b

Fig. 18 (a) Axial proton-density-weighted fat- suppressed 
MR image showing a grade 2 biceps femoris tear (arrow) 
with oedematous change around the sciatic nerve. (b) 
Transverse ultrasound image of the conjoint tendon dem-
onstrating a heterogeneous mass with mixed hypo- and 

hyperechogenicity compatible with a haematoma around 
the conjoint tendon. The site of tear was treated with 
platelet-rich plasma (PRP) injection (black arrow shows 
needle) as the patient was symptomatic, avoiding the sci-
atic nerve (arrow)
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time to return to full training. This study also 
demonstrated an increased time to return to full 
training in the more extensive grade of tendon 
injury, i.e., grade 3 injury (Pollock et al. 2016).

4.2.2  Quadriceps
Rectus femoris is the most commonly injured 
muscle within the quadriceps group and the sec-
ond or third most injured after hamstring strains 
(Speer et al. 1993; Peterson and Renstrom 1986; 
Garrett Jr. 1988; Garrett Jr. 1990; Noonan and 
Garrett Jr. 1999; Taylor et  al. 1993; Kassarjian 
et al. 2014). The rectus femoris differs from the 
other group muscles in that it spans two joints, 
the hip and the knee joint, and originates from 
two heads (indirect and direct).

The rectus femoris outer unipennate muscle 
originates from the anterior aponeurosis which 
forms the direct tendon and attaches to the ante-
rior inferior iliac spine. The inner bipennate mus-
cle originates from the central aponeurosis which 
forms the indirect tendon and is inserted into the 
superior acetabular ridge and posterolateral aspect 
of hip joint capsule. This envelopment results in a 
muscle-within-a-muscle configuration.

Due to its complex anatomy and muscle- 
within- a-muscle structure, injuries to the rectus 
femoris muscle may not always be classified 

according to the traditional three-point muscle 
injury grading system.

The most common site of rectus femoris injury 
in football involves injury of the distal myotendi-
nous junction when the muscle belly strips from 
the undersurface of the distal tendon (Fig. 19).

The indirect component of rectus femoris has 
a long intramuscular myotendinous junction and 
is susceptible to a more unique longitudinally 
oriented injury. This results in not only myoten-
dinous injury, but also in separation and 
 dissociation of the inner bipennate component 
from the outer unipennate muscle (a type of intra-
muscular degloving injury), and may lead to 
retraction of the inner muscle belly. This deglov-
ing injury differs from the typical myotendinous 
injury of the indirect portion of the rectus femoris 
and occurs in the periphery of the fibres of inner 
bipennate muscle (Figs. 20 and 21) (Kassarjian 
et al. 2014).

4.2.3  Calf
The gastrocnemius-soleus muscles eccentrically 
contract to modulate dorsiflexion at the ankle 
during normal gait and heel strike. However, in 
sprinting the foot initially strikes the ground with 
the distal first and second rays and not the heel 
resulting in more forceful ankle dorsiflexion 
(Lees and Nolan 1998; Novacheck 1998; 
Sammarco and Hockenbury 2001). This muscle 
complex also concentrically contracts on push- 
off for sprinting, jumping and cutting-in.

Aponeurosis distraction is a specific type of 
injury which occurs at the margin of two syner-
gistic muscles. The muscles most frequently 
involved are the medial head of gastrocnemius 
and soleus or, less commonly, semimembranosus 
and semitendinosus (Bianchi et al. 1998). When 
this involves the medial head of gastrocnemius it 
is known as ‘tennis leg’ (Bianchi et  al. 1998; 
Mink 1992; Harwin and Richardson 2017). This 
injury typically occurs during forced dorsiflexion 
with the knee in extension causing powerful 
eccentric loading of the gastrocnemius and soleus 
muscles. Although in the past there has been 
debate over whether plantaris is primarily 
involved (Helms et  al. 1995), larger reviews of 
this condition have subsequently shown little or 
no involvement of plantaris with the medial head 

Fig. 19 Professional footballer with distal thigh pain 1 
week after acute injury. Axial T2 weighted fat suppressed 
MR image of the mid thigh shows a region of injury cen-
tred around the myotendinous junction with feathery 
oedema surrounding the central tendon. There is a region 
of haematoma formation (arrow) also seen which is low in 
signal in this subacute injury
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of gastrocnemius being the primary site of injury 
with fluid between the soleus and gastrocnemius 
muscles (Fig. 23) (Bianchi et al. 1998; Delgado 
et  al. 2002; Speer et  al. 1993; Harwin and 
Richardson 2017). The aponeurosis between the 
two muscles is a potentially weak area as soleus 
consists mainly of T1 fibres and is relatively 
inelastic compared to the gastrocnemius which 
also spans two joints and consists of T2 fibres 
(Bianchi et  al. 1998; Mink 1992). The Achilles 
tendon is usually not injured.

Ultrasound or MR imaging can demonstrate 
muscle fibre disruption adjacent to the aponeurosis 
and the presence of perifascial fluid and haema-
toma (most commonly a grade 2 injury) (Fig. 22) 
(Bianchi et al. 1998; Delgado et al. 2002). These 
injuries respond well to conservative treatment 
although scarring can occur in the region of the 
aponeurosis (Fig. 23) (Bianchi et al. 1998).

Soleus muscle injuries have been previously 
considered rare, potentially due to the wide-

spread use of sonographic assessment; however, 
they are now felt to be more frequent than previ-
ously thought as a result of increased use of MR 
imaging.

Ultrasound is not sensitive enough in assess-
ing soleus traumatic tears compared with MR 
imaging (Fig.  24). Injuries at the myofascial 
junction are more readily identified than those at 
the musculotendinous units. Factors which con-
tribute to difficult visualisation and underappre-
ciation of soleus injuries include the deep location 
of the soleus muscle and the fact that soleus is 
often extensively vascularised. Moreover, soleus 
injuries may be underappreciated in the context 
of a more superficial (and therefore easily detect-
able) gastrocnemius strain (Balius et  al. 2014). 
Therefore, subtle soleus injuries may be missed 
sonographically. MR imaging has become the 
modality of choice for detection of soleus strains. 
Soleus injuries on MRI may be classified as mus-
culotendinous or myofascial.

a b

Fig. 20 (a, b) Professional footballer with severe proxi-
mal thigh pain. (a) Axial T2-weighted fat-suppressed MR 
image showing an acute tear of the myotendinous junction 
of the indirect head of the rectus femoris (arrow) and a 
heterogeneous area of intramuscular oedema. (b) Coronal 

proton-density-weighted fat-suppressed MR image shows 
a full-thickness tear of the indirect head of rectus femoris 
tendon with complete disruption of the musculotendinous 
junction (arrow)
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a b

c d

Fig. 21 (a–d) Professional footballer with severe acute 
proximal thigh pain. (a) Axial T1- and (b) T2-weighted fat-
suppressed MR images show a swollen and oedematous 
proximal right rectus femoris (*), extensive perifascial fluid 
(arrows) and intact low-signal tendon (arrowhead). (c) 
Axial T2-weighted fat-suppressed MR image above the 
level of the previous images shows more extensive muscle 

oedema and fluid (arrows) extending towards vastus latera-
lis (VL) and overlying sartorius (S). A small remnant of 
muscle is seen intact (arrowheads). (d) Longitudinal 
extended field-of-view ultrasound image confirms grade 2 
injury (arrowheads) just distal to the origin from the ante-
rior inferior iliac spine (AIIS). The muscle deep to the area 
and adjacent to the femur (Fe) appears intact (arrows)

a b
Fig. 22 (a, b) Rugby 
league player with acute 
onset calf pain. (a) Axial 
T2-weighted fat-
suppressed and (b) 
sagittal T2 weighted fat 
suppressed MR imaging 
of the calf showing acute 
injury to the soleus 
myotendinous junction 
with muscle fibre 
disruption seen around 
the central tendon. A 
small tendon defect 
(white arrow) is seen in 
this grade 2c soleus 
injury. Haematoma 
formation is seen deep 
to the medial soleus 
muscle belly (black 
arrow)
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4.3  Delayed-Onset Muscle 
Soreness

Delayed-onset muscle soreness (DOMS) devel-
ops when specific muscle groups undergo 
 unaccustomed vigorous exercise (Flores et  al. 
2018). This usually occurs in recreational ath-
letes who sporadically participate in sport; how-
ever, this can also occur in professional athletes 
when training is intensified after injury. The aeti-
ology of DOMS is thought to be due to increased 
compartment pressure and water content affect-
ing type 2 fast-twitch fibres with resultant disrup-
tion of the Z bands of sarcomeres within the 
muscle (Flores et al. 2018).

Clinically diffuse lower limb muscle pain 
develops 12–24  h after activity and is exacer-
bated by eccentric contraction (Noonan and 
Garrett Jr. 1999; Newham et al. 1983; Zabetakis 
1986). This helps to clinically differentiate 
DOMS from a muscle tear or strain, which usu-
ally causes immediate focal pain and is exacer-
bated by concentric contraction. Additionally 
DOMS usually resolves within 7  days without 
any specific treatment (Peterson and Renstrom 
1986; Mink 1992).

Imaging is rarely necessary in the majority of 
cases (Fornage 2000) but can be useful in exclud-
ing other causes of severe pain if the clinical his-
tory is not clear. MR imaging can show oedema 

in multiple muscles, but this is not a specific or 
sensitive finding with the abnormality persisting 
up to 82  days after clinical resolution 
(Marcantonio and Cho 2000; Steinbach et  al. 
1998). At the early phase of injury perifascial 
fluid may be demonstrated. The involved muscle 
belly may also demonstrate diffuse muscle 
oedema without the feathery pattern typical of 
strain or perifascial fluid (Guermazi et al. 2017). 
Ultrasound is usually normal, but its main role is 
for excluding a significant muscle strain or tear, 
which allows appropriate rehabilitation to 
continue.

4.4  Muscle Contusion

Muscle contusion occurs secondary to direct 
nonpenetrating trauma causing muscle fibre dis-
ruption and haematoma. This usually results 
from muscle being compressed against bone but 
can also occur when superficial muscle is com-
pressed against a contracted underlying muscle 
(Jarvinen et al. 2005). Muscle contusion is com-
monly seen in contact sports (‘dead leg’) with 
rectus femoris and vastus intermedius being the 
most affected muscles (Flores et al. 2018). It is a 
clinical diagnosis obtained from patient history, 
but on examination, compared to a severe muscle 
tear, muscle function is relatively normal given 
the degree of pain (Zarins and Ciullo 1983; 
Jarvinen et  al. 2005; Armstrong 1984; Stauber 
1988; Jackson and Feagin 1973).

4.4.1  Imaging
In a similar manner to muscle strain MR imaging 
or ultrasound can be used to evaluate the muscle 
and underlying periosteum although MR imaging 
is preferable if an associated bone injury is sus-
pected. The difficulty for either imaging modality 
is defining if there is muscle distraction espe-
cially if the clinical history is unclear.

On ultrasound an acute contusion (0–48  h) 
appears ill defined with irregular margins and 
marked echogenic swelling of the fascicles and 
entire muscle (Fig. 25) (Aspelin et al. 1992). MR 
imaging also demonstrates oedema and mixed 
intrinsic signal as the blood products develop. In 

Fig. 23 Professional ballet dancer with previous calf 
pain and persisting swelling but relatively little symp-
toms. Transverse extended field-of-view ultrasound image 
shows a normal-appearing lateral head of gastrocnemius 
(LHG) but hyperechoic nodular thickening (arrowheads) 
between the medial head of gastrocnemius (MHG) and 
soleus (So). This is consistent with scar tissue and adja-
cent fascia appears of more normal thickness (arrows)
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comparison to muscle strain, contusion is charac-
terised by the haematoma crossing aponeurotic 
boundaries representing the demarcation of the 
impact (Robinson 2004; Van Holsbeeck and 
Introcasco 2001).

In severe clinical cases, dynamic ultrasound 
imaging may be helpful to confirm that a com-
plete tear is not present and to document the 
extent of muscle damage and any retraction. At 
48–72 h ultrasound appearances become better 
defined with the haematoma appearing 
hypoechoic and a clearer echogenic margin 

which expands centrally as the muscle repairs 
(Van Holsbeeck and Introcasco 2001; Robinson 
2004). MR imaging also demonstrates these 
changes although the degree of adjacent muscle 
and soft-tissue oedema can persist for some 
time.

In the following weeks the contusion can be 
monitored for regeneration of muscle, scar tissue 
or more rarely myositis ossificans (Zarins and 
Ciullo 1983; Garrett Jr. 1988). However, in 
sporting injuries, the majority of contusions heal 
with normal muscle regeneration and chronic 

a b

c

Fig. 24 (a–c) Professional rugby league player with 
acute calf pain. (a) Longitudinal ultrasound image shows 
subtle soleus injury with hypoechoic change abutting the 
posterior cortex of the tibia (arrow). (b) Axial T1-weighted 

MR image and c axial T2-weighted fat-suppressed MR 
image showing grade 2 injury of the soleus muscle with 
low-grade muscle fibre disruption
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complications are relatively rare (Peterson and 
Renstrom 1986; Jarvinen et al. 2005).

5  Complications of Lower Limb 
Muscle Injury

5.1  Fibrous Scarring

Scar tissue can restrict muscle function resulting 
in reduced contractile strength increasing the risk 
of re-injury at the junction of the muscle and scar 
(Fig. 26) (Speer et al. 1993; Jarvinen et al. 2005; 
Taylor et  al. 1993). Scar tissue, especially after 
hamstring tears, can also involve adjacent ner-
vous tissue and cause referred symptoms which 
produce significant pain on sprinting or sudden 
movement (Fig. 27).

MR imaging usually defines scar tissue as a 
low-signal soft-tissue thickening either parallel-
ing the tendon (Fig.  26) or with a more amor-
phous appearance at the muscle periphery 
(Fig. 27). Ultrasound detects fibrotic scarring as 
an echogenic focus, but dynamic stressing can 

assess the relative inelasticity of this tissue and 
any adherence to adjacent structures which is 
why this technique is most useful for initial eval-
uation in athletes (Fig. 28).

5.2  Myositis Ossificans

Myositis ossificans is a rare complication of mus-
cle injury and usually develops after injuries 
associated with a large haematoma or contusion.

Clinically the development of myositis ossifi-
cans should be suspected when the degree of pain 
and soft-tissue swelling persists and is out of pro-
portion to the original injury (Peterson and 
Renstrom 1986; Lacout et  al. 2012). The com-
monest muscle group involved by this condition 
is the quadriceps, as this area is most commonly 
affected by muscle contusion.

Prior to the development of calcification or 
ossification ultrasound appearances are similar 
to an organising haematoma (see contusion 
before). However, an advantage of ultrasound is 
that it can depict the zone phenomenon with cal-
cification being peripheral and centripetal 
(Lacout et  al. 2012) and demonstrate the rela-
tively well-defined peripheral margins and bor-
ders with adjacent soft tissues (Bodley et  al. 
1993; Peck and Metreweli 1988). MR imaging 
performed at this stage can show an extremely 
heterogeneous appearance with surrounding 
oedema that can sometimes be misinterpreted as 
an aggressive or even malignant process (Fig. 29) 
(De Smet et  al. 1992; Shirkhoda et  al. 1995). 
Ultrasound can also demonstrate peripheral cal-
cification and ossification, as early as 2–3 weeks, 
before it is clearly evident on plain-film or MR 
imaging (Bodley et al. 1993; Peck and Metreweli 
1988; Lacout et al. 2012).

5.3  Muscle Atrophy/Hypertrophy/
Hernia

On MR imaging muscle atrophy shows decreased 
muscle bulk and increased T1-weighted signal 
due to fat deposition between the muscle fibres. 

Fig. 25 Rugby player with lower leg pain following a 
direct impact injury. Transverse ultrasound image of the 
lateral aspect of the lower leg with diffuse hyperechoic 
change present within the peroneal muscle compartment 
and also in the overlying subcutaneous tissues in keeping 
with a muscle contusion
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These features are not uncommonly seen in 
muscles which retear (Fig. 30). On ultrasound the 
muscle echotexture is increased due to fat 
deposition with additional loss of fascial plane 
definition.

A muscle hernia, also known as myofascial 
herniation, is defined as an abnormal protrusion 
of muscular tissue through a fascial defect, ini-
tially described by Richet in 1853 (Naffaa et al. 
2017). This commonly occurs in the anterior and 
lateral muscle groups of the lower leg (especially 

tibialis anterior) (Fig. 31) but is also recognised 
within peroneus longus, peroneus brevis,  extensor 
digitorum longus, gastrocnemius and flexor digi-
torum longus (Bianchi et al. 1995). It is thought 
that the fascia overlying tibialis anterior has an 
area of potential weakness due to penetrating 
branches of the peroneal nerve and vessels 
(Khaladkar et al. 2016).

The hernia usually presents as a mass which 
may only appear after exercise or on standing 
(Bianchi et al. 1995). The hernia may be painful 

a

b

Fig. 26 (a, b) Professional footballer with previous ham-
string injury complaining of recurrent pain. (a) Axial T1- 
and (b) T2-weighted fat-suppressed MR images show 
normal left semitendinosus (ST). There is reduced muscle 

bulk on the right, thickened (scarred) low-signal tendon 
(arrow) and oedema (arrowheads) within the remaining 
muscle indicating a retear
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on exertion and the clinical differential diagnosis 
includes an incompetent perforating vein or 
chronic exertional compartment syndrome.

Ultrasound can accurately identify the normal 
thick echogenic muscle fascia with any defect 

seen as a hypoechoic gap (Fig. 31) (Bianchi et al. 
1995). Dynamic manoeuvres (using a gel stand- 
off) can be performed to reproduce the muscle 
hernia if it is currently reduced. On acute hernia-
tion the muscle may appear hyperechoic due to 
compression of the fascial planes within it. 
However, if chronic it may appear hypoechoic 
and ill defined due to a degree of oedema (Bianchi 
et al. 1995). MR imaging can demonstrate a her-
nia if present at rest but may be relatively ineffec-
tive in demonstrating small or exertional lesions 
(Bianchi et al. 1995; Steinbach et al. 1998).

5.4  Morel-Lavallée Lesion 
and Periosteal Haematoma

5.4.1  Morel-Lavallée Lesion
Athletes can develop Morel-Lavallée lesion 
through contact injuries most commonly in foot-
ball and rugby when tackling involves the lower 
limb. The injury is usually a direct force which 
causes a shearing injury between the subcutane-
ous fat and underlying deep fascia and muscles. 
The areas most commonly affected are the lateral 
hip where the overlying subcutaneous fat may 
shear from the tensor fascia lata and the antero-
medial or anterolateral knee where the fat shears 

a b

Fig. 27 (a, b) Professional footballer with previous ham-
string injury. (a) Axial proton-density-weighted fat- 
suppressed MR image showing conjoint tendon injury 
with oedema and (b) axial proton-density-weighted fat- 

suppressed MR image obtained 6 weeks after the initial 
injury showing a further acute injury at the same site 
where there is thickening of the tendon (white arrow) at 
the site of previous healing

Fig. 28 Professional football player with previous ham-
string tear and leg pain on sprinting. Transverse ultra-
sound image shows peripheral echogenic scar tissue 
(arrows) of semitendinosus adherent to the sciatic nerve 
(S) with some loss of the normal muscle echotexture (*) 
due to previous injury
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a b

c

Fig. 29 (a–c) Painful rapidly growing mass in a profes-
sional footballer following previous direct blow to the dis-
tal hamstring region. (a) Axial T1-weighted MR image 
showing a hyperintense mass abutting the posterior femo-
ral cortex. (b) Lateral radiograph of the thigh shows an 

ossified lesion with a noncalcified central area arising 
from the posterior cortex of the femur. (c) Axial CT image 
showing a mass typical of myositis ossificans in the poste-
rior thigh muscles, with peripheral ossification
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from the underlying vastus retinaculum and 
extensor mechanism (Robinson et  al. 2008). 
During the acute phase, ultrasound shows haema-
toma and oedema between fascia and fat. The 
underlying muscles often appear normal. 
Individual fat lobules can be visualised as sepa-
rated by blood products and fluid and over time a 
pseudocapsule may form (Mclean and Popovic 
2017). The resulting mass has been named a 
Morel-Lavallée lesion. Appearances are variable 

but are generally hypoechoic with hyper- and 
hypoechoic fat lobules separated by septa and 
hypoechoic fluid, surrounded by the hyperechoic 
pseudocapsule. MRI shows fluid and fat oedema 
at the fascial interface with subcutaneous haem-
orrhage in the acute phase (Fig. 32). Sedimentation 
of blood components can also result in a fluid- 
fluid levels. Slow growth can occur over time due 
to reaccumulation of fluid and the appearance, 
along with the associated pain, can be 

a

b

c

Fig. 30 (a, b) Triathlete 
with previous high grade 
right sided proximal 
rectus femoris injury. (a) 
T2 weighted fat 
suppressed axial MR 
imaging shows here is 
thickening of the rectus 
femoris tendon at the 
site of previous injury 
(arrow). (b) T2 weighted 
axial imaging - there is 
adjacent fat atrophy 
change within the 
muscle around the 
myotendinous junction 
and relative loss of 
muscle bulk
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misdiagnosed as soft-tissue tumour, particularly 
if the trauma has been omitted from the history. 
Chronic lesions may develop a fibrous pseudo-
capsule and calcify with reaccumulation of fluid 
causing growth. MRI may be useful to further 
evaluate uncertain cases, as is follow-up interval 
scanning.

5.5  Periosteal Haematoma

Periosteal haematoma may be seen after a direct- 
impact injury and represents a collection of blood 
underneath the periosteum. The imaging findings 
are initially of smooth periosteal reaction which 
matures over time, often with associated new 

a b

Fig. 31 (a) Transverse and (b) longitudinal ultrasound 
images of the anterolateral aspect of the leg showing an 
acute muscle hernia in a professional footballer after blunt 

trauma of the anterolateral aspect of the leg. Protrusion of 
the extensor digitorum longus muscle through a defect in 
the overlying fascia is shown (arrow)

a b

Fig. 32 (a, b) Pain and swelling of the lateral knee in a 
professional footballer caused by a chronic haematoma 
after a sheering injury. (a) Axial proton-density-weighted 
fat-suppressed MR image and (b) coronal proton-density 
fat-suppressed MR image showing a Morel-Lavallée 

lesion located over the lateral aspect of the knee with 
areas of heterogeneous hyperintensity and septa forma-
tion secondary to shearing of the subcutaneous tissues 
away from underlying fascia
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bone formation. Imaging may be helpful in order 
to differentiate between myositis ossificans and 
periosteal haematoma (Fig. 33).

6  Conclusion

Imaging injuries in high-level athletes is a com-
plex but rewarding process as the diagnosis can 
markedly influence treatment and performance. 
There are a number of imaging techniques avail-
able for evaluating lower limb osseous and soft- 
tissue injuries, and choice can be limited by local 

availability and radiologist preference. The radi-
ologists’ role in assessing injury is to grade the 
severity and extent of injury so appropriate treat-
ment can be implemented.

In acute osseous injuries, radiographs are 
usually sufficient to confirm or exclude imme-
diate severe injury. In acute and overuse inju-
ries of the leg and calf, several imaging 
modalities play a role in depicting findings, 
with US and MR imaging being the most fre-
quently utilised.

Each of the modalities has both strengths and 
weaknesses and the utility of each will depend 

a b

c

Fig. 33 (a–c) Pain in the quadriceps compartment 
2  months following direct-impact injury. (a) Plain-film 
and (b, c) ultrasound images showing periosteal haema-

toma within the mid-shaft of the femur. There is smooth, 
well-established periosteal reaction. The adjacent muscu-
lature images normally
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upon the particular clinical scenario and the ques-
tion which needs to be answered. Ultimately 
more than one imaging modality may be needed 
in conjunction with clinical examination in order 
to best assess overuse injuries of the leg and calf.

Things to Remember
 1. The lower limb is essential for all athletic 

movements and is the most commonly injured 
area for all sporting activities.

 2. Radiographs are the first-line imaging investi-
gation for evaluating acute osseous injury but 
MR imaging is a sensitive technique for acute 
complications and overuse injuries.

 3. MR imaging and ultrasound are both accurate 
techniques for assessing acute and chronic 
soft-tissue injuries as well as subsequent 
complications.

 (a) Ultrasound provides a rapid and dynamic 
assessment.

 (b) MR imaging is sensitive for very-low- 
grade injuries and also maintains its field 
of view in athletes with large muscle bulk 
or diffuse symptoms.

7  Boxes
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Abstract
Cervical spine injuries are extremely common in 
athletes and range from minor strains and sprains 
to severe, life-threatening cervical fractures with 
spinal cord injuries. A basic understanding of 
cervical spine anatomy and biomechanics, 
imaging indications, and most appropriate imag-
ing techniques, as well as of the most common 
types of injury, is necessary for any physician 
ordering and/or interpreting imaging studies of 
athletes who suffer from acute or chronic cervi-
cal spine injury. Furthermore, radiologists 
should be able to recognize predisposing condi-
tions, more specifically congenital spinal steno-
sis, which increase the risk for serious cervical 
spine injury in athletes even after a minor 
trauma. This chapter provides multiple exam-
ples of cervical spine injuries in athletes, high-
lighting the imaging findings in these injuries 
and the imaging modalities that can be used to 
assess such injuries.

1  Introduction

Injuries to the spine are commonly associated 
with all kinds of sports activities, both contact 
and noncontact sports, and at all levels of compe-
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tition ranging from the high school level to the 
professional level (Boden and Jarvis 2008). They 
are most common in athletes younger than 30 
years of age, and the associated activity varies by 
region. Ice hockey injuries are common in 
Canada, while rugby injuries are common in 
Europe, South Africa, and Australia. In the 
United States, (American) football is the leading 
cause of sports-related cervical injury, although 
the majority of injuries are sprains. Within 
Europe, the epidemiology is variable (Schroeder 
and Vaccaro 2016).

The spectrum of potential spinal injuries is 
wide; the vast majority of injuries are self- 
limiting, others require conservative therapy, and 
a minority require surgical intervention. Sports 
injuries involving the cervical spine include acute 
cervical sprain/strain, intervertebral disc lesions, 
burners/stingers, nerve root and brachial plexus 
injuries, transient (or in rare cases permanent) 
quadriplegia, and unstable injuries with and with-
out fracture-dislocation.

In the popular media covering sports events, 
tragic cervical spine injuries of well-known pro-
fessional athletes are often brought to national 
attention. These catastrophic cervical spine inju-
ries most commonly occur in collision sports or 
motorized sports and can lead to devastating con-
sequences for the athlete (Banerjee et al. 2004). 
Fortunately, these severe injuries are rare in 
sports. An elaborate review of epidemiologic 
studies, involving all types of sports activities at 
all levels of competition, reveals that the over-
whelming majority of sports injuries related to 
the spine are soft-tissue injuries (sprains and 
strains) and are self-limiting (Tall and DeVault 
1993). It is relatively rare for athletic injuries to 
the spine to result in significant neurologic com-
promise. However, in cases with neurologic 
symptoms, the cervical spine is most commonly 
involved.

Accurate and timely radiological examination 
of the cervical spine in athletes is therefore essen-
tial to establish a correct diagnosis and to prevent 
further injury.

2  Anatomical Considerations

Before proceeding to the radiological examina-
tion of the spine, we shall present a brief overview 
of cervical spine anatomy. The cervical spine con-
sists of seven vertebrae, numbered from C1 to C7. 
The occipital condyles, atlas (C1) and axis (C2), 
comprise the upper cervical spine. The lower cer-
vical spine consists of the cervical vertebra C3 
through C7. Cervical vertebrae are the smallest of 
the true vertebrae and can be readily distinguished 
from those of the thoracic or lumbar regions by 
the presence of a foramen in each transverse pro-
cess. They are ring shaped with the vertebral body 
anteriorly, the pedicles laterally, and the laminae 
and spinous process posteriorly. The first cervical 
vertebra (C1), also known as the atlas because it 
supports the globe of the head, does not possess a 
vertebral body but has two lateral masses, which 
articulate with the occipital condyles. The atlanto-
occipital articulation accounts for 50% of cervical 
flexion- extension motion. The second cervical 
vertebra (C2), also known as the axis because it 
forms the pivot on which the first vertebra rotates, 
has a vertical toothlike projection called the dens 
or odontoid process, on which the atlas (C1) piv-
ots. Embryologically, the odontoid process can be 
thought of as representing the vertebral body of 
the C1 and articulates with the anterior arch of 
C1. With the notable exception of C1–C2, the cer-
vical vertebrae articulate with one another anteri-
orly via the intervertebral disc and two 
uncovertebral joints. Laterally, they articulate via 
the facet joints (also known as zygapophyseal 
joints).

The successive openings in the articulated 
ring-shaped vertebrae, which are stacked upon 
one another, enclose the spinal canal (also known 
as vertebral or neural canal). On cross section, 
the spinal canal presents an isosceles triangular 
shape, with the base of the triangle anteriorly 
(formed by the posterior wall of the vertebral 
bodies and intervertebral discs), and the sides 
posterior and lateral (formed by the lamina on 
either side). The angle between the laminae 
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(interlaminar angle) determines to a large extent 
the anteroposterior diameter of the spinal canal. 
Progressing down the spinal column, the diame-
ter of the bony canal gradually narrows as the 
diameter of the spinal cord widens, thus reducing 
the space available for the cord in the inferior cer-
vical spine.

The spinal canal contains the spinal cord, 
nerve roots, blood vessels, and meninges. At each 
intervertebral disc level, cervical spinal nerves 
originate from the spinal cord as the anterior 
(motor) and posterior (sensory) rootlets. Posterior 
and anterior rootlets join to form a spinal nerve, 
which lies within the intervertebral foramen. The 
posterior rootlet has a nerve root ganglion at the 
inner portion of the intervertebral foramen. The 
spinal nerve divides into a posterior and anterior 
ramus at the outlet of the intervertebral foramen. 
In the cervical spine, the spinal nerves exit the 
intervertebral foramen above the same-numbered 
cervical vertebra (e.g., the seventh spinal nerve 
exits at the C6–C7 level). Though there are only 
seven cervical vertebrae, there are eight spinal 
nerves on either side. The eighth cervical nerve 
exits between the C7 and T1 segment.

The cervical intervertebral disc constitutes a 
separate anatomic and functional entity, and is 
distinctly different from the lumbar intervertebral 
disc (Mercer and Bogduk 1999). The annulus 
fibrosus of the cervical intervertebral disc does 
not consist of concentric laminae of collagen 
fibers, as in the lumbar discs. Instead, the annulus 
forms a crescent-shaped mass of collagen, which 
is thickest anteriorly and tapers laterally toward 
the uncinate processes. Posteriorly, the annulus is 
merely a thin layer of paramedian vertically ori-
ented fibers. The anterior longitudinal ligament 
(ALL) covers the front of the disc, and the poste-
rior longitudinal ligament (PLL) reinforces the 
deficient posterior annulus fibrosus with longitu-
dinal and alar fibers. In this way, the cervical 
annulus fibrosus is likened to a crescentic ante-
rior interosseous ligament, rather than a ring of 
fibers surrounding the nucleus pulposus (Mercer 
and Bogduk 1999).

3  Biomechanics of the Cervical 
Spine

The cervical spine is the most mobile of all the 
segments of the vertebral column. It allows an 
extensive range of motion in flexion and exten-
sion, which is mainly due to the upwardly ori-
ented inclination of the superior articular 
surfaces. In flexion (forward movement), the 
anterior longitudinal ligament (ALL) is relaxed, 
while the posterior longitudinal ligament (PLL), 
the ligamenta flava, and the inter- and supraspi-
nous ligaments are stretched. During flexion, the 
intervertebral discs are compressed anteriorly, 
the interspaces between the laminae are widened, 
and the inferior articular processes glide upward, 
upon the superior articular processes of the sub-
jacent vertebrae. Flexion of the cervical spine is 
arrested just beyond the point where the cervical 
convexity is straightened. In extension (backward 
movement), the opposite motions occur. 
Extension can be carried farther than flexion and 
is limited by stretching of the anterior longitudi-
nal ligament (ALL), and by the approximation of 
the spinous processes. In the cervical spine lat-
eral flexion and rotation always occur as com-
bined movements. The upward and medial 
inclinations of the superior articular facet joint 
surfaces convey a rotary movement during lateral 
flexion, while pure rotation is prevented by their 
slight medial slope. During lateral flexion, the 
sides of the intervertebral discs are compressed, 
and the extent of motion is limited by the resis-
tance offered by the surrounding ligaments.

In sports-related injuries, the most common 
mechanism of cervical spine trauma is neck flex-
ion with axial loading (Torg et  al. 2002a). In a 
neutral position, the overall alignment of the cer-
vical spine is lordotic. When engaging in colli-
sion sports, the majority of the force is dissipated 
by the paravertebral musculature. Neck flexion 
causes the physiological cervical lordosis to dis-
appear, however. When for instance a tackle is 
made in this position, the axial load is dissipated 
through and absorbed by a straight spine, causing 
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cervical spine compression and possibly result-
ing in catastrophic spine injury (Torg et  al. 
2002b).

Examples of axial loading injuries to the 
cervical spine are found in a variety of sports, 
such as:

• American football (Fig.  1) (player striking 
opponent with the crown of his/her helmet) or 
rugby (Fig. 2) (during the scrum phase of the 
game)

• Ice hockey (player striking his/her head on the 
board while doing a push or check)

• Diving in shallow water (Figs. 3 and 4) (head 
striking the ground)

• Gymnastics (Fig.  5) (athlete accidentally 
landing head down while performing a somer-
sault on a trampoline)

The spectrum of cervical spine injury is 
related to the mechanism, the force involved, 
and the point of application of the force (Tall 
and De vault 1993). Axial loading injuries of the 
cervical spine include vertebral fractures (Figs. 2 
and 3), cervical disc herniations (Fig.  1), liga-
ment rupture, facet fracture, and dislocations 
(Figs.  5 and 6). Neurologic deficits tend to be 
more severe in athletes with spinal stenosis 
(Fig.  7), either developmental or acquired 
through degenerative disease (Torg et al. 1997). 

Fig. 1 Cervical disc herniation in a 32-year-old profes-
sional soccer player and fitness enthusiast with cervical-
gia and paresthesia in the left arm since 2 years. a MRI of 
the cervical spine with sagittal T2-weighted images 
shows a disc herniation at the C5–C6 level. b Axial gradi-

ent-echo T2*-weighted images confirm the presence of a 
left paracentral disc herniation with asymmetric deforma-
tion of the dural sac and impingement on the left C6 nerve 
root

a b
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Moreover, the biochemistry and biomechanics 
of the intervertebral disc and spine are age 
related. Thus, the adolescent and older athlete 
may have different concerns with regard to diag-
nosis, treatment, and prognosis after an injury to 
the spine.

Some studies have indicated that there is also 
a gender differential regarding injuries of the 
cervical spine. Compared with females, the inci-
dence of injuries in males was 1.7 times higher 
for neck sprains and 3.6 times higher for fractures 
(Depasse et  al. 2019). Football was the most 
common cause of cervical sprains in males, fol-
lowed by cycling and weight lifting/aerobics. 
Females sustained most neck sprains in weight 
lifting/aerobics, trampoline, and cheerleading. In 
males cycling is the most common cause of frac-
ture, followed by diving/swimming and football. 

For females, horseback riding is the most com-
mon, followed by cycling and diving/swimming 
(Depasse et al. 2019).

The radiologist examining an athlete with cer-
vical spine trauma should recognize and under-
stand the mechanism of injury (Pavlov and Torg 
1987). Accurate radiological evaluation of the 
cervical spine must be performed immediately 
following the possibility of injury and in such a 
manner so as not to compromise the neurologic 
status of the patient. Subtle radiographic findings 
indicating ligamentous injuries must be recog-
nized in order to prevent cervical spine instabil-
ity. Occult fractures are often difficult to diagnose 
on plain films and CT has replaced traditional 
X-rays as the first imaging examination to be per-
formed in patients with suspected cervical spinal 
trauma.

a b

Fig. 2 Hyperflexion injury with simple anterior wedge 
fracture of C7 in a 23-year-old rugby player. a MRI scan 
with sagittal T1-weighted images shows that the anterosu-
perior corner of the vertebral body C7 is depressed. b 

Sagittal T2-weighted images show a band of bone marrow 
edema subjacent to the upper endplate. The posterior wall 
is not displaced, the diameter of the spinal canal remains 
normal, and there is no medullary contusion
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a b

c

Fig. 3 Catastrophic cervical spine injury in a 26-year-old 
man who was injured in a mountain bike accident. a Non- 
contrast axial CT scan with b sagittal reformatted images. 
There is a flexion teardrop fracture of the inferior corner 
of the C3 and C5 endplates (white arrows in b) as well as 
a linear fracture of the posterior arch of C5 (a). c MRI 

with sagittal T2-STIR images shows associated tearing of 
the anterior longitudinal ligament at the C3 and C5 levels 
(white arrows), a medullary contusion at the C3–C4 level, 
and extensive edema in the cervical and thoracic interspi-
nous ligaments
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a b c

Fig. 4 Catastrophic neck injury (diving accident) with 
contusion and partial transection of the spinal cord in a 
23-year-old man. a MRI examination with sagittal 
T1-weighted, b sagittal T2-weighted, and c coronal 
T2-weighted images. The study was obtained after ante-

rior fixation at C5–C6–C7 with titanium plate. Despite the 
magnetic susceptibility artifacts caused by the instrumen-
tation, the spinal cord contusion is clearly identified as a 
focal intramedullary high signal intensity on the 
T2-weighted scans

a b

Fig. 5 Distracted hyperflexion injury in a young gymnast 
with anterior subluxation at C6–C7. a Plain radiographs 
of the cervical spine in AP and b cross-table lateral projec-
tion. The marked anterior displacement of C6 indicates 

disruption of all ligamentous structures and interfacetal 
dislocation. The cervicothoracic prevertebral soft-tissue 
shadow is widened, indicating the presence of a hema-
toma secondary to the injury
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a b

c

Fig. 6 Bilateral interfacetal dislocation with anterior 
translation of C3 with regard to C4 in a 34-year-old man 
following a severe fall during a soccer game. a Non- 
contrast CT scan with axial and b midsagittal reformatted 
images showing a fracture of the lamina of C3 and ante-

rior displacement of C3 on C4 with marked steplike defor-
mation of the spinal canal. c The 3D volume-rendered 
image confirms the fracture of the posterior elements of 
C3 (red arrow) and the facetal dislocation (white arrow)
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4  Radiological Examination

The purpose of the radiological investigation in 
the injured athlete is to document lesions that 
must be treated, such as disc disease or instabil-
ity. Pain in itself is not an indication for imaging 
(for example, most acute burner or stinger inju-
ries do not require imaging) (Mintz 2004). On the 
other hand, when the athlete shows signs or 
symptoms of instability or neurological deficit, 
imaging studies are required to document poten-
tially serious lesions.

One of the most important questions to be 
answered concerning patients with possible 
 cervical spine trauma is the following: Who 
should be imaged? Two large studies developed 

a set of criteria to determine which trauma 
patients do not require cervical spine imaging: 
The National Emergency X-ray Utilization 
Study (NEXUS) (Hoffman et al. 2001) and the 
Canadian Cervical Spine Rule Group (CCR) 
(Stiell et  al. 2001). According to the NEXUS 
study, imaging is not necessary if all the follow-
ing criteria are met: no midline cervical tender-
ness, no focal neurological deficits, normal level 
of alertness, no intoxication, and no painful dis-
tracting injury. The CCR criteria are more elab-
orate and include an absence of high-risk 
criteria, the presence of any low-risk factor, and 
the ability to actively rotate the neck 45°. A 
detailed overview of the CCR criteria is pre-
sented in Table 1.

a b

Fig. 7 Cord contusion secondary to spinal stenosis in a 
49-year-old recreational tennis player, who complained of 
neck pain and paresthesia in both arms after a collision 
with another player. a MRI examination with sagittal 
T1-weighted and b sagittal T2-weighted images. Sagittal 

images show severe narrowing of the spinal canal due to 
chronic disc herniations and posterior osteophytes. There 
is a focal intramedullary area of increased T2 signal inten-
sity indicating cord contusion
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The next question to be answered is this: What 
imaging modality should be used in a patient with 
suspected cervical spine trauma? In many centers 
radiographs of the cervical spine, including fron-
tal, lateral, and odontoid projections, are the first 
imaging study to be performed, with additional 
CT and/or MRI examinations in the function of 
clinical and/or radiological findings. Due to the 
increased sensitivity of CT, and especially multi-
detector CT (MDCT), compared to conventional 
radiographs, this stepwise approach of ordering 
imaging examinations is no longer recommended 
(Fisher and Young 2008). In 2007, the American 
College of Radiology formulated appropriate-
ness criteria in the setting of cervical spine trauma 
after an investigation of over 5700 patients and a 
literature review involving more than 55,000 
patients (Daffner and Hackney 2007). The ACR 
stated that (1) if NEXUS or CCR criteria indicate 
low risk, then no imaging should be performed, 
and (2) if NEXUS or CCR criteria indicate imag-
ing, then a CT of the cervical spine with sagittal 
and coronal reformations is highly 
recommended.

The role of MRI in acute cervical trauma is 
still being defined. Even though MDCT remains 
superior in assessing bone injuries, MRI is more 
sensitive for the detection of soft-tissue injury 
and spinal cord damage. The American College 

of Radiology has identified the following indica-
tions for MRI in cervical spine trauma (Beckmann 
et al. 2019):

 1. Possible spinal cord or nerve injury. 
Regardless of whether a fracture has been 
identified on CT, MRI should be performed in 
patients who have possible spinal cord or 
nerve injury, and in whom there is clinical 
concern for cord compression due to disc her-
niation, hematoma, or fracture.

 2. Treatment planning for the unstable spine. 
MRI is complementary to CT in preoperative 
assessment of the unstable cervical spine and 
should be performed for adequate treatment 
planning. Assessment of the integrity of the 
discoligamentous complex is crucial in preop-
erative cervical spine assessment.

 3. Obtunded patient with no traumatic injury 
identified on CT. This is a controversial indi-
cation. MRI is superior to CT in identifying 
cervical spine ligamentous injuries. Studies 
looking at the presence of soft-tissue injury on 
MRI of the cervical spine in patients with 
negative CT and unreliable physical or neuro-
logical examination found MRI to be positive 
in 6–49% of patients. Most of these injuries 
were minor, requiring no significant changes 
in management. However, approximately 1% 

Table 1 The Canadian C-spine rules for cervical spine imaging in trauma patients

High-risk factors Low-risk factors
≥65 years Simple rear-end motor vehicle collision

A dangerous mechanism: Sitting position in emergency department
Fall from elevation >3 ft (or five stairs) Ambulatory at any time since the injury
Axial load to head Delayed onset of neck pain
High-speed motor vehicle collision Absence of midline C-spine tenderness
Motorized recreational vehicles
Bicycle collision
Paresthesias in extremities

If any high-risk factor is present → cervical spine imaging is warranted.

If the patient does not meet the criteria of a low-risk injury → cervical spine imaging is warranted.

If the patient meets the criteria of a low-risk injury → assess whether the patient can rotate the neck 45°.

  If low-risk injury and the patient can rotate the neck 45° → no cervical imaging is required.

  If low-risk injury and the patient cannot rotate the neck 45° → cervical spine imaging is warranted.
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of patients with an unreliable clinical exami-
nation and negative cervical spine CT will 
have an unstable cervical spine injury identi-
fied on MRI that requires surgical 
stabilization.

 4. Clinical or imaging findings suggesting liga-
mentous injury. MRI is the most sensitive 
imaging study for the detection of ligamen-
tous injury. MRI of the cervical spine should 
be performed after CT when ligamentous 
injury is suspected.

5  Cervical Strain and Sprain

Paraspinal muscle strain and cervical ligament 
sprain are the most common cervical spine 
injuries in athletes. Muscle strains are caused 
by direct blows or rapid eccentric muscle con-
traction. Ligamentous sprains or capsular inju-
ries of the facets are caused by forced neck 
flexion. Clinically, patients present with local-
ized pain without neurological deficits or irra-
diation. There can be an antalgic limitation of 
the range of motion. Treatment is conservative 
and consists of immobilization and anti-inflam-
matory medication until the pain resolves. 
Imaging is generally negative, and the role of 
imaging is mainly to rule out more serious spi-
nal injury.

6  Burners and Stingers

The most common cervical injury in players of 
contact sports is a transient loss of function 
(weakness) of the upper extremity with burning 
pain, numbness, or tingling along the affected 
upper extremity following a collision (Tosti et al. 
2016). This phenomenon is known as a “stinger” 
or “burner” injury. A stinger or burner injury is a 
transient neuropraxia of the brachial plexus 
caused by stretching or compression of the bra-
chial plexus fibers between the neck and shoul-
der. Symptoms are usually transient and full 
recovery usually occurs within 10 min. The most 

commonly affected muscle groups in terms of 
motor weakness are shoulder abductors, elbow 
flexors, external humeral rotators, and wrist and 
finger extensors. Function gradually returns from 
the proximal muscle groups to the distal muscle 
groups. Though the burner or stinger syndrome is 
one of the most common injuries in football, it 
can occur in other sports such as wrestling, 
hockey, basketball, boxing, and weight lifting 
(Feinberg 2000).

The stinger or burner syndrome most likely 
represents an upper cervical root injury and 
occurs most commonly at the C5 or C6 distribu-
tion. Three possible mechanisms have been iden-
tified that may lead to burner/stinger injuries: 
traction, compression, and direct blows.

• Traction occurs with increases in the neck- 
shoulder angle (through forced depression of 
the ipsilateral shoulder in combination with 
forcible lateral bending away of the head to 
the opposite side) resulting in stretching or 
distraction injury to the upper cords of the bra-
chial plexus.

• Compression occurs through rotation of the 
cervical spine toward the painful arm. The 
cervical foramina are narrowed transiently 
when the cervical spine is forced into hyper-
extension, either alone or in combination with 
lateral flexion or shoulder elevation to the 
affected side, causing transient nerve root 
compression.

• Direct blows occur from a percussive 
mechanism to the brachial plexus cords and 
trunks.

The severity of the injury correlates with the 
underlying pathophysiology. Neuropraxia refers 
to selective demyelination of the nerve sheath, 
and it is the most benign form of injury. 
Axonotmesis is a disruption of the axon and the 
myelin sheath, but the epineurium remains intact. 
The most severe injury is neurotmesis or a com-
plete disruption of the endoneurium. This injury 
is associated with the most unfavorable 
prognosis.
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A stinger or burner injury is a neuropraxia or 
low-grade axonotmesis by definition. Hence, 
symptoms often resolve within a few minutes but 
may last up to 24 h. In symptoms persisting lon-
ger than 24  h, suspicion should be raised for a 
more severe injury or another diagnosis. Imaging 
is indicated in symptoms persisting over 24 h, or 
if there are other symptoms, such as decreased or 
painful neck motion, to rule out possible frac-
tures or dislocations or disc herniations. If the 
symptoms persist for 3–4 weeks following injury, 
an electromyogram should be obtained to evalu-
ate upper trunk function and MRI should be 
considered.

7  Nerve Root and Plexus 
Avulsion

A severe type of brachial plexus lesion is the bra-
chial plexus avulsion, which is an uncommon but 
serious injury associated with contact sports 
(Williams and Hoeper 2004), and motorized 
sports, especially motorcycle racing. The term 
refers to complete or incomplete avulsion of one 
or more cervical nerve roots from the spinal cord. 
Brachial plexus injuries can be classified as pre-
ganglionic or postganglionic, although in clinical 
practice injuries can be mixed. The distinction is 
important however, as management and progno-
sis differ between these two types of injuries.

• Preganglionic nerve root injury: avulsion 
injury or nerve rupture proximal to the dorsal 
root ganglion, causing a disconnection 
between the central and peripheral nervous 
system. Preganglionic avulsion injuries are 
associated with a marked and progressive 
death of motor neurons and are associated 
with a poor functional outcome. Preganglionic 
injuries are not considered amenable to repair.

• Postganglionic nerve root avulsion: injuries 
distal to the dorsal root ganglion. They can be 
further classified into nerve ruptures and 
lesions in continuity. Depending on the sever-

ity of the injury, function may either spontane-
ously return with time or, when loss of nerve 
continuity occurs, can be repaired with nerve 
grafting—that is, excision of the damaged 
nerve segment and interposition of a nerve 
autograft between the nerve ends.

Traumatic brachial plexus avulsion is usually 
associated with a dural tear, through which CSF 
leakage occurs to form a pseudomeningocele. 
Traditionally cervical myelography, followed by 
CT myelography, used to be the gold standard 
for demonstration of these lesions, showing both 
complete and incomplete traction injuries 
(Yoshikawa 2006). The combination of CT and 
CT myelography can differentiate pre- from 
postganglionic lesions, and this information is 
essential for deciding whether exploration of the 
plexus or a motor substitution operation is indi-
cated (Yoshikawa 2006). Moreover, CT has the 
added advantage of being able to rule out an 
associated fracture of the spinal column. 
Conventional MRI scanning of the cervical 
spine provides additional anatomic and physio-
logic information on injuries, such as signal 
intensity changes in the spinal cord (seen in 
about 20% of patients with preganglionic nerve 
root injuries) or additional lesions, such as intra-
medullary or extradural hematomas. 
Visualization of the intradural nerve roots is 
inadequate at MR imaging (Yoshikawa 2006). 
With the use of high- resolution, thin-section 
slices (Fig.  8), the sensitivity for detection of 
cervical nerve root avulsion was the same 
(92.9%) with MRI as myelography/CT myelog-
raphy (DOI et  al. 2002). Alternatively, MR 
myelography provides high-quality images with 
excellent visualization of nerve roots in healthy 
volunteers and in 60% of patients with brachial 
plexus injury (Yoshikawa 2006). However, visu-
alization was only fair in the remaining 40% of 
patients with brachial plexus injury, implying 
that even if MR myelography can partially 
replace CT myelography, CT myelography is 
still needed in some patients.
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8  Cervical Disc Herniation

Traumatic sports injuries of the cervical spine 
can occur at the level of the disc, resulting in 
acute disc herniation or chronic disc 
degeneration.

Acute disc pathology results from an axial 
load that rapidly increases intradiscal pressure. 
The nucleus pulposus is then extruded through 
the annulus fibrosus into the spinal canal or neu-
roforamen. It can cause a variety of neurological 
complications, which may be transient or 
permanent, including tetraparesis, paraparesis, 
and neuralgia due to compression of the spinal 

nerve roots and/or the spinal cord. Although 
acute disc herniations are uncommon, making up 
only 5.8% of cervical spine injuries in a large 
study of 987 national football league (NFL) play-
ers who suffered cervical spine trauma, they can 
result in a considerable functional impairment 
and days lost to play for elite athletes (Mall et al. 
2012).

Whether or not long-standing sports participa-
tion results in an increased incidence of chronic 
cervical disc degeneration remains unclear. 
There is some evidence to suggest that participa-
tion in collision sports is implicated in the prema-
ture degeneration of the cervical spine, and that 

a b

Fig. 8 Left brachial plexus nerve root avulsion with for-
mation of a pseudomeningocele filled with cerebrospinal 
fluid. The patient is a 29-year-old man who was injured in 
a cross-country motorcycle racing accident. a, b Coronal 

thin-section turbo spin-echo T2-weighted MRI scans 
reveal a CSF-filled pseudomeningocele extending to the 
apex of the left lung
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the same is true for non-collision sports and 
activities that result in direct and indirect repeti-
tive loads to the cervical spine over time. The risk 
factors, natural history, and clinical relevance of 
this premature cervical degeneration remain 
unclear, however (Triantafillou et al. 2012).

Structurally, cervical disc disease can be clas-
sified as either soft- or hard-disc disease, which 
generally corresponds to acute and chronic disc 
disease, respectively. Soft-disc herniation gener-
ally refers to an acute process in which the 
nucleus pulposus herniates through the annulus 
fibrosus, which might result in spinal cord or 
nerve root compression. Hard-disc disease repre-
sents a chronic, degenerative process with loss of 
disc height and formation of marginal osteo-
phytes. On MRI, it can be difficult to distinguish 
between a disc herniation (“soft” disc) and an 
osteophyte (“hard” disc). Recent disc herniations 
tend to have a higher signal intensity on T2- or 
T2*-weighted images, whereas osteophytes pres-
ent a low signal intensity. T2-weighted MR 
images are the method of choice to demonstrate 
abnormal intramedullary signal intensity due to 
extrinsic compression by an intervertebral disc.

9  Transient Quadriparesis 
and Spinal Stenosis

Transient quadriparesis is a temporary loss of 
motor and often sensory function in the arms and 
legs, and is typically seen in athletes following a 
blow to the head or whiplash injury. Motor symp-
toms can range from weakness in the arms and 
legs to complete quadriplegia. Sensory symp-
toms may include numbness, paresthesia, and 
burning pain. Transient quadriparesis has been 
described in the medical literature under many 
other names, including cervical cord neuropraxia, 
burning hands syndrome, commotio spinalis, and 
spinal cord concussion. Symptom duration varies 
from less than 15  min (grade 1) to over 24  h 
(grade 3).

Transient quadriparesis is assumed to be a 
transient postconcussive neuropraxia of the spi-
nal cord and can be caused by hyperextension or 
hyperflexion. Hyperextension can cause infold-

ing or bunching of the ligamentum flavum, 
resulting in a dynamic narrowing of the canal of 
up to 30% in the sagittal plane, and compression 
of the spinal cord by the inferior portion of the 
superior vertebral body anteriorly, and by the 
lamina of the inferior vertebra posteriorly. In 
hyperflexion the opposite phenomenon may 
occur, with compression of the spinal cord 
against the lamina of the superior vertebra and 
the endplate of the inferior vertebra. Brief com-
pression of the cord by either hyperflexion or 
hyperextension creates a “postconcussive” effect 
on the cord.

In line with this proposed mechanism, athletes 
with cervical spinal stenosis may be predisposed 
to transient quadriparesis. One of the difficulties 
when it comes to the relationship between tran-
sient quadriparesis and spinal stenosis is the vari-
able definition of spinal stenosis in the medical 
literature. Prior to the advent of more advanced 
imaging, radiographs were used to evaluate spi-
nal stenosis. This was done by simply measuring 
the anteroposterior diameter of the spinal canal at 
the C3–C6 level from the posterior aspect of the 
vertebral body to the most anterior point on the 
spinolaminar line. Values greater than 15  mm 
were considered normal, while 13  mm or less 
was considered consistent with stenosis (Cantu 
1997).

In a further attempt to radiographically define 
spinal stenosis, Pavlov and Torg (1987) described 
a ratio (the Pavlov–Torg ratio) between the sagit-
tal diameter of the spinal canal measured from 
the mid-height of the posterior aspect of the ver-
tebral body to the spinolaminar line, divided by 
the anterior-posterior diameter of the correspond-
ing vertebral body. A normal ratio is 1.0, and val-
ues lower than 0.8 are consistent with stenosis. A 
Pavlov–Torg ratio of less than 0.8 was found in 
93% of football players with transient quadripa-
resis. However, it was also demonstrated by the 
same authors that the positive predictive value of 
having a Pavlov–Torg ratio less than 0.80 and 
subsequently experiencing an episode of tran-
sient neurapraxia is only 0.2%. Specificity of the 
Pavlov–Torg ratio is further hampered by the fact 
that professional athletes may have larger verte-
bral bodies than the general population, leading 
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to a low Pavlov–Torg ratio despite normal spinal 
canal diameter (Herzog et al. 1991).

A more recent attempt to define cervical spi-
nal stenosis is coined “functional cervical spinal 
stenosis.” This definition is based on MRI in 
which a functional reserve of cerebral spinal fluid 
(CSF) remains around the spinal cord at all lev-
els. Functional cervical spinal stenosis is defined 
as a cervical spinal canal so small as to obliterate 
the protective cushion of CSF, or in more extreme 
cases it causes deformation of the spinal cord 
itself (Dailey et al. 2010). This criterion has not 
yet been thoroughly evaluated in the literature, 
however.

Professional athletes, especially those 
involved in contact sports, who experience an 
episode of transient quadriparesis with rapid and 
complete symptom resolution should have plain 
radiographs and MRI to rule out spinal canal 
stenosis, spinal cord abnormality, and neural 
compression. In athletes without evidence of spi-
nal stenosis or spinal cord injury, the player may 
resume sport activities when an asymptomatic 
and full range of neck motion is regained. Players 
with mild or moderate cervical spinal canal ste-
nosis and no evidence of spinal cord injury with 
quick symptom resolution and complete regain 
of neck mobility are considered to have a relative 
contraindication to returning to contact sports. 
The decision whether or not someone should be 
allowed to return to play should be made based 
on the degree of stenosis, propensity for injury 
based on the involved sport, and symptom sever-
ity during the episode of transient quadriparesis. 
Players who have sustained a single episode of 
transient quadriparesis and severe spinal stenosis, 
or who experienced more than one episode of 
transient quadriparesis, should not be allowed to 
return to play (Kepler and Vaccaro 2012).

10  Catastrophic Cervical Spine 
Injuries

A catastrophic cervical spine injury can be defined 
as a structural distortion of the cervical spinal 
column associated with actual or potential dam-
age to the spinal cord, and can lead to devastating 

and irreversible neurologic consequences for the 
athlete (Banerjee et al. 2004). Contact and colli-
sion sports, such as rugby, American football, or 
ice hockey, expose the athlete to a wide array of 
potential injuries to the spinal cord (Wilson et al. 
2006). This is equally true for motorized sports 
involving high speeds. The outcome of athletic 
neck injuries ranges from complete recovery to 
death, depending on the degree of spinal cord 
damage sustained (Quarrie et al. 2002).

Despite the potentially devastating conse-
quences of catastrophic cervical spine injuries 
and the high profile and attention given to these 
injuries when occurring in elite athletes, the fre-
quency of these injuries remains poorly studied. 
Current evidence, consisting mainly of low- 
quality studies, indicates that catastrophic cervi-
cal spine injuries are infrequent among elite 
athletes (Hutton et  al. 2016). Potentially cata-
strophic cervical spine injuries were reported to 
occur in as many as 10–15% of all American 
football players (Torg et al. 1979). However, the 
introduction of the antispearing rule implemented 
in 1976, which outlawed making a tackle or block 
by leading with the head or face, essentially using 
the helmet as a weapon, reduced the incidence of 
spine injuries from 20 per year during 1971 
through 1975 to 7.2 per year after 1976 (Cantu 
and Mueller 2003).

Unstable fractures and/or dislocations are the 
most common causes of catastrophic cervical 
spinal injuries in collision sport athletes. A cervi-
cal spine injury is considered unstable when it 
results in loss of the ability of the spine under 
physiological loads to maintain its premorbid 
patterns of motion so that no additional damage 
to the spinal cord or nerve roots or major defor-
mity may occur. The majority of catastrophic cer-
vical spine injuries, associated with spinal cord 
injury, occur in the lower cervical region. Spinal 
cord damage due to fractures or dislocation 
involving the upper cervical spine is unusual, 
because there is proportionately more space 
available within the spinal canal compared with 
the lower cervical segments. The spinal cord 
occupies less than half of the spinal canal’s cross- 
sectional area at the level of the atlas. At the 
lower cervical levels on the other hand, due to a 

The Spine in Sports Injuries: The Cervical Spine



626

combination of progressive narrowing of the 
bony spinal canal and gradual widening of the 
spinal cord diameter, the spinal cord fills approxi-
mately 75% of the canal’s cross-sectional area.

With respect to the trauma mechanism, two 
major patterns of spinal column damage can be 
identified. Pure compressive forces will result in 
burst fractures. The vertebral body looks 
“exploded,” posterior vertebral body cortex is 
always involved, and retropulsion of bony frag-
ments in the spinal canal may occur. Compression- 
flexion injuries are more frequent than burst 
fractures and result from a combination of neck 
flexion and an axial force. These lead to a charac-
teristic pattern of injuries, consisting of the 
following:

• Compression fracture along the anterior ver-
tebral body, often isolating a triangular ante-
rior bony fragment (the so-called teardrop in 
“flexion teardrop injuries”) and associated 
with rupture of the anterior longitudinal liga-
ment: The fracture may continue through the 
vertebral subchondral endplate, with shearing/
rotational injury of the posterior discoliga-
mentous complex and rupture of the posterior 
longitudinal ligament.

• Distraction injury of the posterior elements 
and tensile rupture of the posterior ligaments 
(such as the ligamentum flavum and interspi-
nous ligaments).

11  Differential Diagnosis

Finally, as a word of caution, it should be 
remembered that injuries are not the only cause 
of neck or back pain in the athlete. Disorders 
simulating athletic injury include, among oth-
ers, tumors and inflammatory connective tissue 
disease. As the number of middle-aged or 
elderly recreational athletes increases steadily, 
we should keep in mind that these athletes can 
also have tumors, infection, rheumatologic dis-
orders, and other nontraumatic etiologies of 
pain. For these conditions, radiological exami-
nation should be guided by an adequate and 
precise clinical workup.

Imaging Technique Boxes

Plain Radiographs
• No longer indicated as the first imaging study 

in suspected cervical spine trauma.
• Underestimate fractures, especially near the 

cervicothoracic junction

CT
• First-choice imaging modality in suspected 

cervical spine trauma
• Very fast (MDCT requires only seconds to 

scan the cervical spine)
• Provides limited soft-tissue contrast

Things to Remember
• Cervical spine injuries occur in many 

sports. Most lesions are benign and 
resolve spontaneously; serious injuries 
are mostly associated with contact 
sports and motorized sports.

• In sports-related injuries, the most com-
mon mechanism of cervical spine trauma 
is neck flexion with axial loading.

• Pain in itself is not an indication for 
imaging. Validated criteria (NEXUS, 
C-Spine Rules) have been developed to 
determine which patients need further 
imaging studies.

• Multidetector CT (MDCT) is the imag-
ing modality of choice in patients with 
suspected cervical spine trauma.

• MRI is the preferred imaging technique 
to demonstrate soft-tissue injuries, e.g., 
possible spinal cord or nerve injury, as 
well as ligamentous injury.

• Sports-related injuries of the cervical 
spine can occur in athletes with spinal 
canal stenosis (developmental and/or 
acquired degenerative changes). 
Imaging studies must take into account 
the relative diameter of the spinal canal.

• Nerve root and brachial plexus avulsion is 
an unusual but severe type of sports injury. 
It can be investigated with myelography 
and CT myelography, or with MRI.

S. Dekeyzer et al.
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Myelography and CT Myelography
• Supplanted by noninvasive cross-sectional 

imaging techniques
• Remain useful in the diagnosis of nerve root 

and brachial plexus avulsion

MR
• Method of choice for assessing spinal cord, 

ligaments, muscles, and soft tissues
• Fat-suppressed sequences are sensitive to 

bone marrow edema
• Not always readily available in the emergency 

setting
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Abstract

This book chapter provides an overview of 
imaging in sports injuries of the thoracic and 
lumbar spine. Indications for imaging in 
trauma, overuse, as well as osteoporosis are 
discussed. Imaging findings in the most 
important diagnoses and differential diagno-
ses are explained in detail. Within those, over-
use plays a significant role. It is important to 
keep in mind that congenital and developmen-
tal disorders are risk factors for overuse 
syndromes and degenerative diseases of the 
spine. Overuse trauma is most mainly seen at 
the lumbar spine in children or adolescents 
performing sports activities associated 
with repetitive lumbar hyperextension. 
Spondylosis, apophyseal damage, and scolio-
sis form a typical triad of overuse of the tho-
racic and lumbar spine. Especially, in young 
patients correct diagnosis not only is the basis 
for a successful treatment, but might also help 
to prevent sequelae in later days.

1  Introduction

Spinal manifestations of sports injuries or of 
overuse at the spine mainly result from activities 
in certain trend sports with high deceleration or 
from monotonous repetitive movement patterns. 
An involvement of the spine has been reported in 
10–15% of sports injuries (Tall and DeVault 

K. Friedrich · F. Kainberger (*) 
Department of Biomedical Imaging  
and Image-Guided Therapie, Medical University  
of Vienna, Vienna, Austria
e-mail: klaus.friedrich@meduniwien.ac.at;  
franz.kainberger@meduniwien.ac.at

http://crossmark.crossref.org/dialog/?doi=10.1007/174_2020_260&domain=pdf
https://doi.org/10.1007/174_2020_260#DOI
mailto:klaus.friedrich@meduniwien.ac.at
mailto:franz.kainberger@meduniwien.ac.at
mailto:franz.kainberger@meduniwien.ac.at


630

1993). For many forms of sports-associated over-
use, especially those located at the vertebral 
arches, childhood and adolescence form more 
than 60% of the “vulnerable phases” of life, 
whereas degenerative disc disease is more com-
monly observed in adults and has been reported 
to occur in only 10% in earlier decades (Micheli 
and Wood 1995). Among the various forms of 
sports injury and overuse certain relationships 
exist as “structures of weakness” within a kinetic 
chain may be prone to earlier or more severe 
degeneration than others.

The imaging modalities used for documenting 
sports injuries include conventional radiography 
(Box 1), computed tomography (CT, Box 2) with 
multiplanar reformations, and magnetic reso-
nance imaging (MRI, Box 3). Bone scintigraphy 
with 99m-Tc- diphosphonates has been advocated 
especially for detecting stress reactions but is of 
limited value with respect to the continuous 
improvements of the spatial resolution gained 
with CT and MRI. Ultrasound has been described 
for measuring the width of spondylolytic clefts 
and the thickness of spinal muscles but has not 
been established in clinical routine (Hides et al. 
1995). In the context of biomechanical concepts 
of trend sports the indications for imaging, the 
techniques of investigation, and the interpretation 
of normal and abnormal findings will be reviewed.

2  Indications

As a general recommendation based on European 
referral criteria and the American College of 
Radiology Appropriateness Criteria, CT without 
intravenous contrast should be used as a primary 
investigation in adult patients after blunt trauma 
of the thoracic or lumbar spine. In cases with 
neurological abnormalities MR imaging is 
thought to be the most appropriate next imaging 
study. Performing a CT study should usually be 
sufficient in patients without neurologic signs. 
However, due to the increasing use of the thora-
columbar injury classification and severity score 
(TLICS), MR imaging is requested more and 
more often to rule out nonstable fractures, since 
those normally require surgical stabilization. 
Patients with chronic complaints should only be 
evaluated radiologically if clinically indicated in 
most cases starting with conventional radio-
graphs, eventually followed by MR imaging (De 
Jonge and Kramer 2014). An important advan-
tage of projection radiography is its potential to 
document segmental abnormalities of flexion and 
extension. Such direct information about 
malalignment may also be appreciated with dedi-
cated low-field MR units, which, however, are 
still infrequently available.

Specific aspects in sports medicine that should 
be mentioned in the referral with respect to a 
dedicated treatment plan include the following:

• The symptoms and signs of the biomechanical 
“kinetic chain” associated with the type of 

Box 3: MR Imaging
• Should be performed in case of neuro-

logical deficit and can also be helpful as 
second-line investigation in the chronic 
setting

• Detection of bone marrow edemas, 
especially in stress reactions

• Evaluation of disc disease, spinal cord, 
and soft-tissue edema

• Evaluation of rupture of joint capsules/
ligaments and of fractures

Box 2: Computed Tomography
• Should be performed after severe acute 

traumatic events
• Enables multiplanar reformations in three 

planes and 3D volume reconstructions
• Shows fractures, especially tiny avulsions

Box 1: Plain Radiography
• In many cases the primary investigation
• Enables documentation of segmental 

abnormalities of flexion and extension
• Evaluation of the spinal alignment
• Evaluation of fractures
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trauma or overuse (Kainberger et  al. 2006; 
Lennard and Crabtree 2005).

• Red flags, i.e., signs of severe trauma that may 
be associated with a neurologic deficit: They 
should be differentiated from less severe and 
more commonly observed signs of pain and 
movement disorders due to self-limiting mus-
cle strains.

• The urgency of “return to play,” whether the 
patient is a professional athlete or is involved 
in recreational sporting activities (Eck and 
Riley III 2004).

These general, as well as specific, recommen-
dations are also true for back pain in children 
which is most commonly observed at the lumbar 
segment in conjunction with sports.

2.1  Trauma

Fractures mainly result from compression or 
from a hyperflexion-hyperextension movement 
pattern with high deceleration, acceleration, or an 
abrupt change of the direction of movement. 
With increasing frequency they are associated 
with trend sports with high speed or jumping 
movements like motor sports or kite surfing. A 
typical location is at the thoracolumbar junction.

After acute traumatic events, CT should be 
performed with multiplanar reformations in three 
planes. Three-dimensional volume reconstruc-
tions are helpful for documenting complex rota-
tional malalignment but its interpretation is 
associated with a flat learning curve, so that spe-
cific experience is needed in using this technique 
(Schroder et  al. 2003). MRI is especially indi-
cated if neural structures seem to be involved 
which may be caused by a hematoma or by direct 
violation. MRI is further helpful for documenting 
a rupture of joints or ligaments, or a disc hernia-
tion that in the adolescent athlete may result from 
abrupt rotational or hyperflexion movements 
(Fig. 1).

Late sequelae of macro- or microtrauma are 
degeneration of discs or facet joints and may be 
documented with conventional radiographs, CT, 
or MRI (Fig. 2).

2.2  Overuse

Stress reactions of the bone most commonly 
manifest at the caudal lumbar spine and are asso-
ciated with track-and-field athletics, dancing, and 
various activities associated with lumbar hyper-
extension. Conventional radiographs which 
include views in two plains and a lateral view of 
the lumbosacral junction should be exposed. 
They are generally more reliable than oblique 
views which, especially in case of an associated 
scoliosis, may be difficult to be interpreted 

Fig. 1 A 17-year-old professional basketball player with 
lumbar disc dehydration and extrusion at L5/S1 on a sagit-
tal TSE T2-weighted MR image. Additionally, multilevel 
Schmorl’s nodes
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(Amato et  al. 1984). A CT with multiplanar 
reconstructions may be added in equivocal cases. 
MRI should be performed for assessing the width 
of the spinal canal and for an associated degen-
erative disc disease. Sacral stress fractures are 
less commonly observed and result from exces-
sive transmission of load from the spine to the 
lower extremities due to jogging, basketball, vol-
ley ball, or aerobics (White et al. 2003). MRI is 
the modality of choice in these cases whilst the 
diagnosis may be missed with conventional 
radiographs (Fig. 3).

Imminent spondylolysis should be suspected 
and radiologically detected in adolescents with 
unspecific activity-related lower back pain for 
more than 3–4 weeks (Leone and Cassar- 
Pullicino 2019); thereby healing can be enabled, 
progression can be prevented, and a return to 
sport is possible. This requires activity restric-
tion, rest, and physical therapy with or without a 
spinal brace for 3–6 months, from the point that a 
stress reaction was diagnosed; otherwise non-
union/olisthesis occur and surgical interventions 
might be necessary (Overley et al. 2018).

Overuse of the sacroiliac joints in the athlete 
is often associated with asymmetric load on the 
pelvic ring and imaging, especially MRI, should 
be performed to document bone marrow or soft- 
tissue edema as being important footprints of 
stress or trauma (Brolinson et  al. 2003). 
Hypertrophy of the piriformis muscle with or 
without additional muscle fibers originating from 
the anterior sacral surface may be associated with 
sciatic nerve entrapment and cross-sectional 
imaging may have the potential to clarify its clin-
ical appearance (McCrory and Bell 1999).

2.3  Osteoporosis

A decreased bone mineral density has been 
described in young gymnasts or in ballet dancers 
with or without secondary amenorrhea (Kaufman 
et al. 2002). A bone densitometry should be per-
formed in any case of an unclear stress fracture, 
especially in young active women, as high- 
intensity training may be regarded as a significant 
risk factor for developing osteoporosis (Braam 
et al. 2003). Positive effects of sporting activities 
on bone density, on the other hand, have been 
reported for short-term high-performance activi-
ties such as sprint, tennis, fencing, as well as 
weight lifting or heavy athletics (Felsenberg and 
Gowin 1998; Sabo et al. 1996; Seidl et al. 1993).

3  Image Interpretation

The image analysis has to be focused on the dis-
tribution, characteristics, and differential diagno-
sis of so-called footprints of kinetic chains. The 

Fig. 2 A 21-year-old male high jumper. Sagittal 
T2-weighted MR image reveals a single Schmorl’s node 
with surrounding bone marrow edema (in keeping with an 
“acute” Schmorl’s node) at the upper endplate L5. The 
presence of bone marrow edema may correlate with the 
patient’s symptoms
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spinal kinetic chains associated with sports are 
caused by the effects of high kinetic energies in 
cases with acute trauma and by effects from 
monotonous repetitive forces (rowing), asym-
metric forces (golf, cricket), or various and less 
standardized movement patterns (gymnastics).

3.1  Imaging Findings

3.1.1  Trauma
Osseous lesions occur, in contrast to injuries of 
the cervical spine, less commonly and with less 
severity observed at the thoracolumbar spine as it 
has been described in detail for pole-vaulters 
(Boden et al. 2001). Reports include compression 
fractures, mainly in contact sports, cycling, or 
skiing, and flexion-distraction injuries in gym-
nasts (Katz and Scerpella 2003). The facet lamina 
fractures (posterior column fractures) of the tho-
racic spine and the facet posterior fractures of the 
lumbar spine are typical fracture types that are 
associated with sports. The concept of the func-
tional reserve of spinal capacity, originally devel-
oped by Burrows, may be applied on the 
thoracolumbar spine (Prasad et al. 2003). Rarely 
fractures of the superior articular process of S1 
can be a source of pain in elite athletes; thus this 
diagnosis should be kept in mind and it should be 
noted that in some cases such fractures might be 
easier to detect on CT than on MRI (Skaggs et al. 
2012; Kojima and Asamoto 2017).

Physeal injuries are referred to as the vertebral 
growth plate. Slipped vertebral ring apophysis 
may occur in childhood if the apophysis together 
with the adjacent disc that is tightly fixed by the 
annulus fibers is displaced posteriorly into the 
spinal canal. It is a rare entity which usually 
results from lifting heavy weights.

Spinal cord injury without radiographic abnor-
mality (SCIWORA) is an entity described for chil-
dren whose spinal structures are of less stiffness 
than in adulthood. In a meta-analysis it was shown 
that, in 13%, SCIWORA was associated with 
sports injuries and 26% occurred at the thoracic 
spine whereas it was virtually never observed at 
the lumbar spine (Launay et al. 2005). The prog-
nosis can be improved if the syndrome is diag-
nosed early and adding MRI to the diagnostic 
workup may show neural and extraneural injuries.

Muscle strains may be detected rarely with 
MRI (Bennett et al. 2006).

3.1.2  Congenital and Developmental 
Disorders

Variants and congenital diseases occur especially 
at the lumbosacral junction and have, as intrinsic 
risk factors for overuse syndromes and degenera-
tive diseases, to be assessed radiologically. An 
incomplete fusion of the vertebral arch at the 
level of S1 may be associated with a spondyloly-
sis of L5. From the three patterns of incomplete 
fusion (type I with a wide cleft, type II with small 
contact between the divided branches, and type 

a b

Fig. 3 27-Year-old judoka athlete with right-sided pain 
since 5 weeks. Unilateral, right-sided stress fracture of the 
massa lateralis S1. MRI with a para-axial STIR and b 

para-axial T1-weighted MR image shows bone marrow 
edema at the right hemisacrum (case courtesy of 
F.M. Vanhoenacker)
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III with overlapping borders), types II and III are 
regarded as parts of retarded spinal development 
and are typically observed together with a spon-
dylolysis of L5 (Fig. 4) (Niethard et al. 1997).

In the radiological assessment of scoliosis with 
respect to sports the Cobb angle should be mea-
sured to differentiate more severe forms (higher 
than 20°) in which axial load should be prohibited 
from less severe forms (Hochmuth et al. 2002).

3.1.3  Stress Reactions of the Bone 
and the Discovertebral 
Junction

Spondylolysis and apophyseal damage form, 
together with scoliosis, a characteristic triad of 
overuse of the thoracic and the lumbar spine. 
Accelerated growth (growth spurt) during adoles-
cence is regarded as an important trigger mecha-
nism in its development (Seitsalo et al. 1991).

Fig. 4 Former gymnast with incomplete fusion of the 
vertebral arch of S1 on a plain radiograph (type III) and b 
axial CT image and c interruption of pars interarticularis 
of L5 on CT (case courtesy of F.M.  Vanhoenacker). d 
Sagittal T2-weighted MR image in another 29-year-old 
athlete with spondylolysis and anterolisthesis L5 as well 

as disc bulging L5/S1 and consecutive stenosis of the neu-
roforamen. e Axial CT scan in another gymnast with uni-
lateral left spondylolysis shows an “incomplete ring sign” 
at the left side and contralateral sclerosis of the right ped-
icle (case courtesy of F.M. Vanhoenacker)

a b

c
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3.1.4  Osseous Stress Reactions
Spondylolysis manifests typically at the age of 6 
years and is in more than 90% located at the fifth 
lumbar vertebra (Fig. 4), and less commonly at 
the fourth or at other segments. Sometimes, two 
or more segments of the lumbar spine may be 
involved. A reduced resistance of the interarticu-
lar portion of the vertebral arch and increased 
stress due to hyperlordosis are regarded as main 
causative factors. Therefore, spondylolysis is 
defined as a stress fracture and many concepts 
about its etiology and its treatment are based on 
this definition (Standaert and Herring 2000). 
According to Vialle et al. (2005), radiologic signs 
support the concept that a global dystrophic pat-
tern of the lumbosacral junction is an underlying 

cause of severe spondylolisthesis with increased 
shear stresses. Spondylolysis seems to be, 
although asymptomatic forms have been observed 
in rare cases, the most common cause of back 
pain in athletes and occurs with higher frequency 
than in the general population in which it occurs 
in about 10% (Rossi and Dragoni 1990; Soler and 
Calderon 2000). There is a racial preponderance 
with a prevalence of 5–7% in Europeans, 9% in 
Bantus, 7–10% in Japanese, and up to 50% in 
Eskimos (Engelhardt et al. 1997). Typical move-
ment patterns for the development of spondyloly-
sis have been described (Table 1) (Bono 2004).

In tennis players, the pars interarticularis is a 
common site of stress injury with sudden hyper-
extension of the spine secondary to the serving 

d e

Fig. 4 (continued)
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and ground stroke motions, increased repetitive 
motion due to double-handed ground strokes, and 
increased use of the top spin on hard courts being 
some of the many potential etiological factors 
(Rajeswaran et al. 2014).

Spondylolysis results from a low stress resis-
tance of the pars interarticularis of the vertebral 
arch on one side, and from high stress applied to 
this structure on the other side. Low stress resis-
tance is mainly due to an elongation and thinning 
of the pars and is exaggerated by a prominent lor-
dosis of the lumbar spine. Such lordosis espe-
cially develops at between 6 and 8 years and is 
associated with a physiological flexion of the hip 
joints. Radiological evidence of a lumbosacral 
transitional vertebra, a congenital cleft of the 
posterior arch of the S1 segment (spina bifida 
occulta), or a facet joint anomaly is strongly asso-
ciated with spondylolysis of L5 (Standaert and 
Herring 2000). A spina bifida occulta has been 
described to occur between 13% and 58% con-
comitant with spondylolysis (Niethard et  al. 
1997). Spondylolysis also occurs in patients with 
Marfan syndrome and Ehlers-Danlos syndrome; 
in the latter disorder it may be severe. 
Osteogenesis imperfecta and osteopetrosis are 
other forms of systemic diseases related to spon-
dylolysis. Repeated microfractures are mainly 
related to hyperextension movements, thus 
amplifying the lordotic state. Muscle strength 

and tension may influence the development of 
spondylolysis by shortening or tightness of the 
hamstring muscles of the thigh with increased 
tension on the posterior vertebral arches of the 
lower lumbar spine. Weakening of the spinal and 
the anterior abdominal wall muscles is a precur-
sor in the development of spondylolysis, too, 
whereas strengthening parts of these muscles 
should have a preventive effect.

In the later course of spondylolysis, fibrous or 
bony callus formation at the pars defect site may 
develop. Bony outgrowths, facet joint arthrosis, 
or instability may lead to nerve root impingement 
with leg pain, numbness, or weakness.

A cleft of the vertebral arch detected on 
oblique views (“Scotty dog” or “LaChapel’s 
dog”) is a direct sign of spondylolysis. More sen-
sitive imaging techniques for the diagnosis may 
be a lateral view of the lumbosacral junction, 
multiplanar CT, and MRI. Flexion and extension 
views are helpful to document signs of hypermo-
bility. These findings and a cleft of more than 
3 mm width are indicators of a late phase of spon-
dylolysis with a poorer prognosis than during the 
early phase (Engelhardt et al. 1997). During ante-
flexion, a complex gliding mechanism may be 
observed fluoroscopically: the vertebra, partially 
fixed at the facet joints, moves with a sudden 
jump in a retrolisthetic position. With such abnor-
mal movements the increased stress on the facet 
joints and the spinal nerves in the adjacent inter-
vertebral foramina may be explained. On axial 
CT or MR images, the spondylolytic clefts adja-
cent to the facet joint spaces may appear as the 
“double facet joint” or “incomplete ring” sign 
(Fig. 4). In the case of unilateral spondylolysis, 
reactive sclerosis may develop at the contralateral 
pedicle (Fig.  4). On MR images, bone marrow 
edema within the vertebral arch or a bony sclero-
sis may be observed in 40% and MR imaging 
may be used as a reliable modality for the diag-
nosis of juvenile spondylolysis (Campbell et al. 
2005; Ulmer et  al. 1997). Stäbler et  al. (2000) 
have described the importance of detecting stress 
reactions (T1-weighted hypointense and 
T2-weighted hyperintense; bone marrow edema) 
without visible fracture lines for early diagnosis. 

Table 1 Common forms of applied forces leading to 
spondylolysis (modified from Junghanns 1986)

Applied force Type of activity
Repetitive hyperextension 
maneuvers

Gymnastics, wrestling, 
diving, throwing sports, 
basketball, volleyball, 
pole vaulting, certain 
swimming styles 
(butterfly), high diving

Strong muscle forces Body building, wrestling, 
hockey

Repeated monotonous 
exercises

Rowing

Rotational motion 
creating unilateral defects

Throwing sports, golf

High and various degrees 
of movement

Football, track-and-field 
athletics, dancing, figure 
skating
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The degree of destruction of the interarticular 
portion may be graded as follows: 0, normal; I, 
intact with bone marrow edema (stress reaction); 
II, sclerosis or low signal with intact cortex; III, 
indeterminate; IVa, cortical discontinuity on one 
side of pars; iVb, complete discontinuity of pars 
(Campbell et  al. 2005). Sherif and Mahfouz 
(2004) mentioned the interposition of fatty tissue 
between the dural sac and the spinous process of 
L5 as a helpful indirect sign of spondylolysis.

An isthmic spondylolisthesis may develop in 
4% of spondylolysis (Fig.  4) (Danielson et  al. 
1991). It is a forward movement of the body of 
one of the lumbar vertebrae on the vertebra below 
it, whereas the posterior joints and the neural 
arches are aligned with the posterior elements of 
the inferior vertebral body. Spondyloptosis is a 
fully dislocated vertebral body. Spondylolisthesis 
occurs in preadolescents and is found in up to 
50% of athletes with persistent back pain. 
Symptoms may not occur until later in life. In a 
longitudinal study by Fredrickson et  al. (1984), 
three-quarters of all individuals with spondyloly-
sis had an identifiable pars defect on plain films 
by age 6, and approximately 75% of these 
patients had evidence of a slip at that time. 
Further progression of the slip in adulthood is 
rare (Floman 2000).

An early gliding of more than 20% is the only 
predictor for spondylolisthesis that has been 
described (Seitsalo et  al. 1991). Muschik et  al. 
(1996) observed a progression of this entity espe-
cially during growth spurt. Meyerding grading 
into four stages oriented on the sagittal diameter 
of the subjacent vertebra has been generally 
accepted (Meyerding 1932). On axial CT or MR 
images, an oval elongation of the spinal canal and 
a stenosis of the intervertebral foramina with 
atrophied perineural fat are associated findings.

Other forms of spinal stress fractures are rare 
and may be observed at the cervical spine. At the 
chest, such fractures generally occur at the ribs 
rather than at the thoracic spine (Karlson 2004). 
The ribs of the lower chest may be injured in 
golfers or rowers, whereas fractures of the first 
rib may occur in weight lifters, throwers, or 
rucksack- carrying hikers.

3.1.5  Discovertebral Overuse
Apophyseal damage or microfractures of the ver-
tebral endplates are typical findings in weight 
lifters, wrestlers, and track-and-field athletes and 
are part of Scheuermann’s disease. It is also 
observed in professional downhill skiers (Ogon 
et al. 2001). There is a clear genetic predisposi-
tion for developing Scheuermann’s disease, but 
observations in adolescents with high athletic 
activity underline the aspect of overuse in its eti-
ology especially in the “atypical” or “traumatic” 
subtype which is located at the thoracolumbar 
junction (Alexander 1977).

With respect to the different types of endplate 
reactions that may or may not be associated with 
Scheuermann’s disease, there is general agree-
ment that Schmorl’s nodes, especially their 
chronic forms, are not indicators of athletic 
injury, whereas anterior lesions are related to 
sports and may be associated with back pain 
(Ogon et al. 2001).

These anterior lesions (Fig. 5), the limbus ver-
tebrae (LV) or slipped vertebral apophysis, are a 
disorder with cartilaginous node formation due to 
intraosseous disc penetration at the border of the 
rim apophysis. During flexion, the anterior part 
of the disc is pressed under the superior nonfused 
endplate. It typically occurs during the second 
decade of life after the rim apophysis has formed 
(7–9 years) and before its fusion with the verte-
bral body. The abnormality is typically observed 
in athletic adolescents (Ross et al. 2004).

The degree of thoracic kyphosis is increased 
in adolescent gymnasts but, in contrast to heavy 
workers, does not reach the pathologic ranges 
that are associated with Scheuermann’s disease 
(Hochmuth et al. 2002).

3.1.6  Degenerative Joint and Disc 
Disease

Degeneration, despite its higher frequency in the 
later decades of life, may be observed in young 
athletes—especially gymnasts and wrestlers—
and occurs rather in the nucleus than in the annu-
lus (Sward 1992). It has also been described that 
disc herniations occur slightly more often in elite 
tennis players than in asymptomatic nonathletes 
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(Rajeswaran et al. 2014), which can be explained 
by the repeatedly high degree of axial loading 
and axial rotation during the serving and ground 

stroke motions; the majority of these disc hernia-
tions were at the levels L5/S1 and L4/L5. In the 
same way as with Scheuermann’s disease, a 

ba

c

Fig. 5 Limbus vertebrae in two different patients. a 
Sagittal TSE T2-weighted MR image shows a sequela of 
an intravertebral herniation separating the anterosuperior 
ring apophysis L4  in a 33-year-old swimmer and biker. 

Note also disc degeneration at L3/L4. b Conventional 
radiograph and c CT scan in another gymnast showing 
separation of the rim apophyses at multiple levels (cases 
courtesy of F.M. Vanhoenacker)
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genetic influence has been proposed for the 
development of disc degeneration in children. 
Abnormal segmental movement patterns in the 
forms of hyper- or hypomobility or of instability 
may be best documented on flexion and exten-
sion views.

Facet joint arthropathy has been described as 
the most common abnormality in almost 90% of 
asymptomatic elite junior tennis players; it is 
thought to be the result of repeatedly axial rota-
tion and impaction of the facet joints, which 
occurs during the tennis serve, and ground top 
spin strokes. Synovial cyst formation arising 
from the facet joints has also been described to be 
relatively prevalent in young elite tennis players; 
however, most of those synovial cyst formations 
occurred posteriorly (Rajeswaran et al. 2014).

3.2  Differential Diagnosis

Back pain in athletes not resulting from sporting 
activities may be due to diseases commonly 
occurring in adolescents and young adults, espe-
cially rheumatic diseases, tumors, or unexpected 
trauma. Their first clinical manifestation may, 
however, be in conjunction with sporting activi-
ties and characteristic imaging findings can be a 
hallmark of the correct diagnosis.

Inflammatory back pain is a typical symptom 
of seronegative spondylarthropathies (ankylosing 
spondylitis, psoriatic arthropathy, and reactive 
arthritis). Bone marrow edema, sclerosis, or ero-
sions may be observed at the sacroiliac joints or 
in the form of anterior spondylitis at the thoraco-
lumbar junction; endplate changes, like the 
Andersson lesions, are well-known manifesta-
tions of ankylosing spondylitis. However, also 
bone marrow as well as soft-tissue edema of the 
facet and the costovertebral joints are typically 
seen in patients with seronegative 
spondylarthropathies.

Osteoid osteoma is typically located at the 
pedicle roots of the lumbar spine with a charac-
teristic calcified nidus within an osteolysis. CT is 
the modality of choice for its detection, whereas 
MRI may be difficult to be interpreted because of 
the various tissue contrast of the nidus. However, 

osteoid osteoma should always be considered in 
case of marked bone marrow and adjacent soft- 
tissue edema in the typical location in a patient 
without trauma between 10 and 35 years; to iden-
tify a nidus, CT is recommended. Bone scintigra-
phy is helpful especially if performed with 
single-photon emission computed tomography 
(SPECT). Primary malignant bone tumors (osteo-
sarcoma, chondrosarcoma, chondroma) or malig-
nant bone marrow diseases are generally rare and 
present with osteolysis and typical calcification 
patterns.

Non-accidental trauma (battered child syn-
drome) has to be considered in any case of 
unclear trauma, especially if manifestations do 
not match with patterns of kinetic chains of if 
they are observed asynchronically. Apophyseal 
injuries at the thoracic or lumbar spine have been 
described to be associated with this entity (Levin 
et al. 2003).

Congenital vertebral clefts at the lumbar spine 
are in most cases observed as median interrup-
tions of the vertebral arch, and less commonly as 
paraspinal, retroisthmic, or retrosomatic forms. 
They have to be differentiated from spondyloly-
sis vera.

4  Conclusion

The biomechanics of all major types of sports 
with spinal involvement along with the typical 
movement patterns is the basis for the diagnosis 
and treatment of pain, restricted motion, or other 
associated findings (Lennard and Crabtree 2005). 
Cross-sectional imaging modalities and attempts 
to document the spinal kinematics are promising 
techniques to document normal as well as abnor-
mal states and movement patterns. Imaging inter-
pretation should therefore be based on “footprint” 
patterns of kinetic chains associated with certain 
athletic activities.

Things to Remember
• The spine is involved in 10–15% of sports 

injuries.
• Overuse trauma of the vertebral arches is 

mainly seen in childhood and adolescence, 
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whereas degenerative disc disease is most 
commonly seen in older athletes.

• Overuse trauma is most commonly seen at the 
lumbar spine in sports activities associated 
with lumbar hyperextension. Spondylosis, 
apophyseal damage, and scoliosis form a typi-
cal triad of overuse of the thoracic and lumbar 
spine.

• Congenital and developmental disorders are 
risk factors for overuse syndromes and degen-
erative diseases of the spine.

• A limbus vertebra occurs typically in athletic 
adolescents.
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Abstract

Sports-related trauma may have a significant 
impact on both function and aesthetics of the 
maxillofacial region. Although the majority of 
sports-related maxilla-facial injuries are of 
minor nature, such as soft tissue lacerations, 
dentoalveolar fractures and minor facial bone 
fractures, sports-related facial fractures are 
reported to account up to 42% of all facial 
bone fractures. This article highlights the 
injury mechanism in different sports-related 
facial trauma. In addition, it provides an over-
view of the imaging strategy and classification 
systems of dental, mandibular and maxillofa-
cial injuries and fractures as a framework for 
an effective radiological approach and clini-
cally beneficial reports. The key imaging fea-
tures that are critical for clinical management 
are emphasized.

1  Introduction

Sports-related trauma may have a significant 
impact on both function and aesthetics of the 
maxillofacial region. The most common maxil-
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lofacial injuries due to sports are soft tissue lac-
erations followed by dentoalveolar fractures and 
minor facial bone fractures, respectively (Hill 
et al. 1998; Tuli et al. 2002). The most frequently 
recorded facial bone fractures involve in descend-
ing order, the nose, zygoma and mandible 
(Maladiere et al. 2001; Ruslin et al. 2016; Viozzi 
2017).

According to different reports, sports-related 
facial fractures account for 10–42% of all facial 
bone fractures (Viozzi 2017). This variation in 
occurrence may reflect the geographic differ-
ences in the level of participation in sports activi-
ties and the type of popular sports. Fractures of 
the maxillofacial region are more frequent in 
males and between the ages of 20 and 30 years, 
most likely reflecting the high levels of physical 
activity, the riskier behaviour as well as higher 
impact forces during sporting activities in this 
sex and age group (Ruslin et al. 2016). Children 
are less prone to facial fractures than adults due 
to certain anatomical attributes (less calcified 
facial bones and a higher cranial-to-facial ratio 
than adults); however when they do occur, they 
tend to have more severe concomitant injuries 
due to the higher threshold of force required for 
injury (Gassner et al. 2004). These injuries 
include intracranial haemorrhage and traumatic 
brain injury (Dobitsch et al. 2019).

The sport responsible for the majority of inju-
ries varies above all according to the popularity 
of each sport activity in a particular country. The 
majority of facial fractures in western countries 
today occur during team sports, such as soccer, 
basketball, rugby and hockey and are most often 
due to direct hits with a ball or player-to-player 
contact (Ruslin et al. 2016).

Various sports committees have adopted spe-
cific guidelines for the prevention of dental and 
craniomaxillofacial injuries (helmets, safety 
glasses, etc.). Sports such as hockey and 
American football have even adopted full facial 
and cranial protective headgear. Evolution of 
these protective devices had significantly reduced 
many types of head and neck injuries in these 
sports (Greenberg and Haug 2005). However, 
this decreasing trend is attenuated to a certain 
degree by the emergence of relatively new, more 

dangerous sports activities such as high-velocity 
vehicular and high altitude-dependent activities. 
Moreover, amateur athletes often do not use any 
protection in sports in which the use of protective 
gear is recommended.

This article highlights the injury mechanism 
in different sports-related facial trauma in sup-
port of clinical history taking and physical exam-
ination. In addition, it provides an overview of 
the imaging strategy and classification systems of 
facial fractures as a framework for effective 
radiological approach and clinically beneficial 
reports. The key imaging features that are critical 
for clinical management are emphasized.

2  Correlation Between Injury 
Type and Injury Mechanism 
Among Sports

There have been few studies that have been 
directed towards the biomechanics of maxillofa-
cial injuries associated with sports. Perhaps the 
difficulty of engaging in such a study is the large 
variety of sports activities that are available today 
ranging from those with minimal interpersonal 
contact to those with high-energy contact. In 
addition, comparative analysis of these studies is 
hampered by varied selection criteria and the use 
of retrospective non-consecutive data.

2.1  Dentoalveolar Fractures

In dentoalveolar fractures, a high-velocity 
trauma, such as a baseball that takes a bad hop 
and strikes the maxillary incisors, is more 
likely to cause a tooth fracture, whereas a low-
velocity trauma is more expected to cause a 
luxation or avulsion. Fractures due to traumatic 
incidents are mainly horizontal unlike fractures 
due to iatrogenic conditions (e.g. endodontic 
treatment) which cause primarily vertical frac-
tures (Alimohammadi 2018). Children with a 
type 2 malocclusion (so-called retrognathism 
or overbite) in particular will be prone to 
sports-related dentoalveolar injuries of the 
upper incisors.
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Another mechanism, indirect trauma, occurs 
when the mandible whiplashes into collision with 
the maxilla. This trauma can occur from a blow to 
the chin, such as an uppercut in boxing, a football 
tackle, or a hockey stick. The concussion is capa-
ble of shattering posterior teeth.

Enamel infraction can be caused by acute or 
chronic trauma such as grinding or clenching 
(e.g. weightlifting) (Kurtz et al. 2005).

2.2  Facial Bone Fractures

Sporting activities can be grouped into different 
categories in order to better understand the injury 
mechanism in sports-related facial bone 
fractures:

 – Team sports: soccer, rugby, basketball, foot-
ball, handball, hockey

 – Vehicular sports: bicycling, mountain biking, 
horse riding, skiing, snowboarding, ice 
hockey, in-line skating

 – Sports with small balls: tennis, baseball, 
cricket, golf, squash

 – Combat sports: boxing, wrestling, martial arts
 – Individual sports: swimming, diving, gymnas-

tics, bodybuilding, etc.

In team sports the main type of impact in 
facial bone fractures appears to be a collision 
with another player that takes place for instance 
when the ball is played with the forehead. At 
this moment there can be an elbow-head impact 
or a head-head impact. An analysis of the ana-
tomic distribution of facial fractures sustained 
during team sports showed that the nose fol-
lowed by the zygomatic complex and the man-
dible are most commonly involved (Ruslin et al. 
2016; Bobian et  al. 2016). Coronoid process 
fractures are almost exclusively observed in 
soccer players whereas mandible angle frac-
tures are relatively more frequent in rugby play-
ers (Ruslin et al. 2016). Football players do not 
encounter orofacial injuries as often as other 
athletes because faceguards and mouth protec-
tors are now mandatory (Flanders and Bhat 
1995; Sane 1988).

In vehicular, non-car, sports, a fall to the 
ground is the most commonly reported type of 
impact. Fractures of the mandible and zygoma 
are most prominent in vehicular sports as well, 
but unlike team sports, the frontal sinus and cen-
tral midface are commonly affected too (Gassner 
et  al. 1999; Maladiere et  al. 2001). Generally, 
mountain bikers sustain more severe maxillofa-
cial injuries in comparison with bicyclists. The 
dominant fracture site in bicyclists is the zygoma, 
whereas mountain bikers and motorcyclists 
encounter more serious midface fractures such as 
Le Fort I, II, and III fractures (Gassner et  al. 
1999). In horse riding, being kicked by the horse 
is also correlated with more severe injuries 
(Ueeck et al. 2004).

A missile type of injury to the head caused by 
a ball or other implement is mostly mentioned in 
sports with small balls such as baseball (Bak and 
Doerr 2004; Delilbasi et  al. 2004; Maladiere 
et al. 2001). Contact with a racquet, a bat or club 
also is a common cause of injury in this category 
(Lim et  al. 1993). Although small ball-related 
ocular injuries are uncommon in sports-related 
traumas, when they do occur, they are often dev-
astating and can even require enucleation in case 
of rupture (Park et al. 2014).

Combat sports-related facial injuries occur 
most frequently in wrestling, followed by martial 
arts and only then in boxing. This might be due to 
the protective headgear, which is used during 
boxing. Nasal bone fractures account for the 
majority of facial fractures, followed by orbital, 
mandibular and zygomaticomaxillary complex 
(ZMC) fractures (Hojjat et al. 2016).

Scuba diving entails risks to the maxillofacial 
region in a specific way. The mechanical effects 
from changes in ambient pressure may cause 
paranasal sinus barotraumas. More than 10% of 
experienced divers have a history of paranasal 
sinus barotrauma in their career. During descent, 
air in the paranasal sinuses is compressed accord-
ing to Boyle’s law. In the event of any blockage 
of the drainage pathways secondary to an acute 
upper respiratory tract infection or chronic rhino-
sinusitis, pressures cannot be equalized with air 
passing into the sinuses. The diver complains of 
pain over the affected sinus during descent. The 
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relatively low pressures cause mucosal oedema 
and effusion with rupture of small blood vessels, 
causing bleeding into the sinuses, thereby reduc-
ing the pressure and the degree of pain and dis-
comfort. During ascent, this air then expands in 
the paranasal sinuses with drainage of mucus and 
blood from the sinuses (often visible in the div-
er’s mask). Rarely, the drainage pathways are 
blocked to an extent that the pressure inside the 
sinuses cannot overcome the blockage and the 
expanding air may fracture the walls of the 
sinuses, tracking along the soft tissues. This may 
cause emphysema, bruising, and haemorrhage in 
adjoining skin and damage to the orbital content 
and vision. If air tracks intracranially, this leads 
to pneumocephalus. Furthermore, temporoman-
dibular joint dysfunction may result from 
repeated use of the mouthpiece of the regulator 
(Lechner et al. 2018).

3  Imaging Strategy

The diagnosis of facial fractures usually is 
accomplished by a combination of clinical and 
imaging examinations. Often, deformity of the 
facial skeleton is initially concealed by overlying 

oedema, haemorrhage and soft tissue injury. 
Therefore, the clinician is primarily concerned 
with the detection of malocclusion, abnormal 
mobility and crepitation as a sign of fracture. Any 
evidence of a palpable step-off at the orbital rim, 
diplopia, hypertelorism, midfacial elongation, 
cerebrospinal fluid rhinorrhoea, or flattening of 
the cheek further helps the clinician to identify 
the type of fracture present. Radiological evalua-
tion is however of utmost importance in the diag-
nosis  and classification of fractures and 
traumatic injuries of the facial skeleton. It helps 
in making a correct diagnosis, in describing the 
exact extent of these fractures and in optimal 
treatment planning (Greenberg and Haug 2005).

3.1  Plain Radiography

The orthopantomogram (OPG) is still a highly 
cost-effective and accurate method for the diag-
nosis of dental, dentoalveolar and mandibular 
fractures. It can be used as an initial survey in all 
mandibular and maxillofacial fractures (Fig.  1) 
(Box 1). In case of a dental trauma, supplemen-
tary intraoral periapical radiographs—usually in 
multiple projections—are always required to 

Fig. 1 26-year-old medical doctor complaining of pain 
after a kick on his cheek during mixed martial arts. He 
also reported hearing a “crackling” sound. 
Orthopantomogram shows a fracture line running through 

the mandibular angle on the right side, just posterior to the 
third molar tooth. There is a minimal displacement. 
Courtesy: Frank Pameijer, MD, PhD, Utrecht, The 
Netherlands
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obtain adequate image detail and to visualize the 
fracture (White and Pharoah 2000).

In the evaluation of a (complex) facial trauma, 
the use of plain radiographs is nowadays limited 
to the evaluation of the (isolated) nasal bone frac-
ture. Nasal bone radiographs generally give no 
additional information that is helpful either in 
reaching a diagnosis or in deciding on the thera-
peutic management, but it can be performed to 
confirm a clinical diagnosis, to verify the dis-
placement of the various and/or for medical–legal 
purposes (Fig. 2) (Marston et al. 2017).

With the advent of 3-dimensional (3D) imag-
ing, the use of various standard skull radiographs 

such as PA view, AP view and lateral view as well 
as more specific incidences such as Towne view, 
Caldwell view and (reverse) Waters view are no 
longer advocated (Alimohammadi 2018).

3.2  Multidetector Versus Cone 
Beam Computed Tomography 
(CT)

Radiological evaluation of maxillofacial 
trauma using plain radiographs delivers infor-
mation based upon bidimensional geometric 
projections. These techniques hence suffer 

a

b c

Fig. 2 25-year-old male soccer player who encountered a 
complex nasal fracture after being kicked in the face by an 
opponent’s foot. a Radiographic evaluation of the nasal 
bone including a frontal, superior-inferior and lateral view 
confirms a fracture of the nasal bone (white arrows). A 
deviation of the cartilaginous portion of the nasal septum 

is noted (black arrow). b Axial CT scans viewed at “bone” 
and c “soft-tissue” window settings show comminuted 
fractures of both nasal bones and right frontal process of 
the maxilla (white arrows). Also note the presence of a 
septal haematoma (black arrow) and an associated dis-
placed fracture at the right zygomaticosphenoid suture
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from superposition due to the curved configu-
ration and complex anatomy of the mandible 
and maxilla, allowing them to conceal a lesion 
or anatomical structures of interest. As a con-
sequence, the traditional strong role of conven-
tional X-ray imaging of patients with facial 
bone fractures nearly completely has 
disappeared.

3D cross-sectional imaging is able to over-
come these obstacles and results in superior diag-
nostic capabilities. It allows accurate information 
about bone morphology and structure, as well as 
information about the location of critical anatom-
ical structures such as neurovascular canals, 
paranasal sinuses and the nasal cavity. 3D cross- 
sectional imaging has become the imaging tool 
of choice in the evaluation of the patient with a 
maxillofacial trauma. It is able to evaluate the 
bony as well as the soft tissue structures and to 
describe the exact extent and displacement of the 
various fractures enabling adequate classification 
of these fractures as well as appropriate treat-
ment. Based upon the acquired 3D data set, con-
tiguous multiplanar reconstructions (MPR) in the 
three different planes (axial, coronal and sagittal) 
are acquired on a routine basis, with a slice thick-
ness of 1–2 mm. 3D volume rendering and sur-
face shaded display CT reconstructions deliver a 
real 3-dimensional image at one glance and are 
particularly helpful for treatment in case of mul-
tiple fragments and/or severe fragment disloca-
tion. Using various software programs, the 
surgeon can also even plan and optimize the sur-
gery in advance using these 3D images. Mirroring 
techniques for zygomatic complex fractures, 
navigational surgery for orbital floor and even 

patient specific implants (3D printing) can be 
provided.

Two types of 3D cross-sectional imaging cur-
rently are available for the radiological evalua-
tion of a patient with a mandibular or midface 
trauma: Multidetector Computed Tomography 
(MDCT) as well as Cone Beam Computed 
Tomography (CBCT).

Multidetector Computed Tomography Scan 
(MDCT) uses a “fan beam” X-ray in combination 
with multiple rows of detectors while the patient 
is moving through this X-ray detector combina-
tion in the z-axis during data acquisition. 
Essentially, MDCT is acquiring multiple slices 
put together to form a volumetric data set. Slice 
thickness of 0.4–0.6  mm can be acquired. The 
smallest picture element of an acquired 3D imag-
ing volume is called a voxel. A voxel is repre-
sented as a cube, with a certain height, width and 
depth. MDCT voxels are non-isotropic, meaning 
that 2 sides of the voxels are equal, but that the 
3rd side has a selectable width, determined by the 
distance the patient moves through the gantry in 
the z-plane. As a result, axial reconstructions in 
MDCT are of a higher quality than the recon-
structions into the coronal and sagittal plane. 
Metal artefacts from tooth filling or osteosynthe-
sis material can also degrade imaging quality. On 
the other hand, evaluation can be done in bone 
window setting as well in soft tissue setting.

CBCT uses a “cone beam” X-ray in combina-
tion with a flat panel detector resulting in the 
acquisition of a volume scan during a single rota-
tion around the patient. It provides a high isotro-
pic spatial resolution with a relatively low patient 
dose, compared to MDCT, and at a lower cost. 
CBCT voxels are isotropic, resulting in images 
reconstructed in any plane with high fidelity 
(Miracle and Mukherji 2009; Shintaku et  al. 
2009; Doğan et al. 2018). To be able to differenti-
ate between small structures, the voxel size needs 
to be smaller than the desired structure that has to 
be visualized. The small field-of-view units of a 
CBCT can use a voxel size down to 0.075 mm, 
which enables visualization of small structures 
with high fidelity. Therefore, CBCT is—due to 

Box 1: Orthopantomogram (OPG)
• Easy interpretation
• Cost-effective
• Initial survey in case of isolated trauma 

of the mandible
 – Dentoalveolar injuries
 – Mandibular fractures
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its very high spatial resolution—considered the 
imaging technique of choice for the evaluation of 
mandibular and/or maxillary trauma, dental 
trauma and temporal bone trauma (Fig. 3). CBCT 
also has the advantage of being less vulnerable to 
metal artefacts, when compared to MDCT (Box 
2). The disadvantage of CBCT is its poor contrast 
resolution making it difficult to evaluate soft tis-
sues. In the evaluation of orbital trauma, where 
the detection of orbital and periorbital soft tissues 
is mandatory, a MDCT scan will therefore be the 
imaging tool of choice (Fig. 4) (Box 3).

a b

Fig. 3 25-year-old male presenting with tooth pain after 
a fall with his bicycle. a Sagittal CBCT reformation 
through the left central maxillary incisor not only demon-
strates a fracture line (white arrow) at the labial plate but 
also a small fracture of the apex of the tooth (black arrow). 
The extrusive luxation is also visible as a widening of the 
periodontal ligament space (arrowheads). Compare to fig-

ure b. b Sagittal CBCT reformation at the level of the left 
lateral maxillary incisor illustrating the normal periodon-
tal ligament space, visible as a very thin radiolucent line 
between the tooth and the tooth socket (arrowheads). 
Compare to figure a. Conclusion: extrusive luxation of the 
left central maxillary incisor with an associated fracture of 
the labial plate

Box 2: Cone Beam Computed Tomography 
(CBCT)
• Very high spatial resolution
• Less vulnerable to metal artefacts
• Cost-effective
• Lower radiation dose
• Low contrast resolution
• Diagnostic workup

 – Dentoalveolar fractures
 – Mandibular and midface trauma
 – Temporal bone trauma
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3.3  Magnetic Resonance (MR) 
Imaging

MR imaging does not visualize the bone directly 
and therefore small, yet unstable nondisplaced 
facial fractures may not be seen. Nevertheless, 
supplementary MR examinations are required 
when cranial nerve palsy occurs in order to rec-
ognize neural compression (Fig. 5). It is required 
in case of an immediate post-traumatic cranial 
nerve palsy as well as a delayed cranial nerve 
palsy. MR imaging is more sensitive to detect 
nerve compression due to hematoma, nerve 
transection or axonal injury. It is also the most 
sensitive technique to evaluate traumatic dam-
age to the temporomandibular joint disc (Fig. 6) 
(Box 4).

a b

Fig. 4 59-year-old female who was watching the soccer 
game of her grandson at the sideline of the field and was 
forcefully hit by a football in the midface. a Coronal CT 
reformation in bone windows at retrobulbar level. Note 
the medial deviation of the medial orbital wall (lamina 
papyracea) into the anterior ethmoidal cells (arrowheads). 
b Axial CT image in soft tissue window setting at the mid-

orbital level. There is displacement of orbital fat into the 
defect. Note also the displacement of the medial rectus 
muscle into the defect (arrowhead). Conclusion: Medial 
blow-out fracture with entrapment of the medial rectus 
muscle into the defect, causing visual disturbances in this 
patient. Reconstruction of the medial orbital wall was per-
formed. Courtesy: Steven Schepers, MD, Hasselt, Belgium

Box 3: Multidetector Computed 
Tomography (MDCT)
• Bone and soft tissue evaluation
• Investigation of complex, high-velocity 

or high-energy mandibular and midface 
trauma

• Description and classification of com-
plex fractures

• Multiplicity of fragments
• Degree of displacement
• Orbital soft tissue—muscles and 

nerves—involvement
• Cribriform plate, lacrimal duct, optic 

canal, superior orbital fissure or infraor-
bital canal involvement

• Skull base involvement
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a b

c

Fig. 5 26-year-male accidently hit by a football on the 
left side of his neck by force. a Axial T2-weighted MR 
image with fat saturation technique at the level of the 
entrance of the internal carotid artery in the skull base, 
nicely demonstrates a semilunar hyperintensity in the pos-
terior and medial wall of the internal carotid artery ( large 
arrowhead) compatible with a hematoma in the wall and 
internal carotid artery dissection. b Axial T2-weighted 
MR image with fat saturation technique at the level of the 

oral tongue showing the larger volume and the hyperin-
tense aspect of the left side of the tongue (small arrow-
heads), compatible with oedema indicating an acute 
left-sided hypoglossal nerve palsy secondary to the post- 
traumatic internal carotid artery dissection. c Clinical 
image demonstrating the swollen aspect of the left side of 
the tongue and the left-sided deviation of the tongue. 
Courtesy: Sofie Van Cauter, MD, PhD, Genk, Belgium

Sports-Related Maxillofacial Injuries



652

4  Specific Sports-Related 
Maxillofacial Injuries

4.1  Soft Tissue Injuries

Soft tissue injuries are by far the most common 
maxillofacial injuries associated with sports. Soft 
tissue injuries may be classified as abrasions, lac-
erations, cuts, haematomas and burns (Lanzi 
2017).

Furthermore, ocular soft tissue injuries are 
frequently seen in sports-related trauma, mainly 
in racquet sports (squash, tennis, and badminton) 
and soccer (Barr et al. 2000). Problems such as 

a b

c d

Fig. 6 Post-traumatic disc adhesion demonstrated by 
T1-weighted MR images. a Closed-mouth image shows a 
normal position of the disc (white arrowhead) and the 
condyle (black arrowhead) relative to the glenoid fossa. 

b–d Upon opening of the mouth, the condyle moves infe-
rior to the articular eminence, however the disc (white 
arrowhead) remains stuck in the glenoid fossa

Box 4: Magnetic Resonance (MR) Imaging
• Cranial nerve palsy

 – Nerve compression due to haematoma
 – Nerve transection
 – Axonal injury
 – Carotid artery dissection

• Traumatic damage to the temporoman-
dibular joint disc

• Brain concussion
• Post-traumatic meningocele
• Post-traumatic meningitis

 – Inflammatory collections
 – Abscess formation
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hyphaemia (bleeding in the anterior chamber), 
retinal tears, lens dislocation, penetrating globe 
injury, optic nerve compression, superior orbital 
fissure syndrome (cranial nerve III to VI paraly-
sis) and retrobulbar hematoma should be cau-
tiously looked after (Greenberg and Haug 2005).

Radiologic examination should be carefully 
considered in each patient to spot underlying 
fractures (Fig. 7).

4.2  Dentoalveolar Injuries

Dental trauma is the second most common injury 
in sports after soft tissue injuries and range from 
minor enamel fragments to complete tooth avul-
sion. About 80% of all dental sports injuries 
occur in the 4 maxillary incisor teeth (Piccininni 
et  al. 2017). These types of injuries are highly 
preventable with the use of mouthguards 
(Greenberg and Haug 2005). Especially children 
are adversely affected by dental injuries. Tooth 
germs in the fracture line are at risk for delayed 
development, deformity or premature loss (Som 
and Brandwein 2003).

Dental trauma can be classified into fracture, 
luxation and avulsion. A fracture is a discontinu-
ity of any dental component and can result in loss 
of a part of the tooth. It can be classified accord-
ing to the affected segment of the tooth: crown, 
crown-root and root fractures (Fig. 8). It is funda-
mental to assess the extent of the fracture through 
the tooth layers (the enamel, the dentin and pulp) 
since fractures affecting the pulp (pulp chamber 
or root canal) are detrimental for the tooth vital-
ity. When the fracture involves the alveolar pro-
cess, it is called a dentoalveolar fracture.

Dental luxation is a general term that covers 
multiple types of injuries to the tooth support 
structures, particularly the periodontal ligament. 
Dental luxation injuries are divided into 
 concussion, subluxation, extrusive luxation, 
intrusive luxation and lateral luxation. They can 
be associated with dental fracture but can also 
manifest without dental fracture. While radio-
logic abnormalities are not expected in concus-
sion and subluxation, tooth displacement and 
widening of the periodontal ligament space (PLS) 
(radiolucency between the cementum of the root 
and the lamina dura of the bony socket) are 

a b

Fig. 7 60-year-old male complaining of left-sided pre-
maxillary numbness after being hit by a golf ball on the 
left side of the maxilla. a Axial CT image in soft tissue 
windows at the level of the zygoma. Note the asymmetri-
cal hyperdense swelling of the left premaxillary soft tis-
sues (arrowhead), compared to the normal right side, 

compatible with a premaxillary hematoma. b Axial CT 
image in bone windows at the same level. There is no 
associated fracture of the wall of the maxillary sinus or the 
zygoma neither of the infraorbital nerve canal. Courtesy: 
Christoph Kenis, MD, Heusden Zolder, Belgium
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observed in extrusive luxation and lateral luxa-
tion, the latter accompanied by fracture of the 
alveolar process (Fig. 3). Despite its name, lat-
eral luxation consists of eccentric displacement 
of the tooth, usually in the palatal, lingual or 
labial direction. On the other hand, intrusive lux-
ation appears on images as a narrowed or absent 
PLS, with a tooth displaced into the alveolar 
bone. A potential pitfall to be aware of is that a 
widened PLS can develop in patients receiving 
orthodontic treatment, usually in multiple teeth, 
mimicking extrusive luxations. In these cases, the 
brackets and wires are easily seen on CT images 
and radiographs.

Finally, avulsion is the term used when the 
tooth is completely displaced out of the alveolar 
socket (Loureiro et al. 2019).

Accurate description of all injuries of the teeth 
can be important in case of insurance problems, 
as dental reconstruction can be very expensive.

4.3  Mandibular Fractures

There is a variety of causes for mandibular frac-
tures predominated by assaults and motor vehicle 
collisions, with sports as a smaller aetiology 
(2–6%) (Greenberg and Haug 2005). However, 
according to the investigations of Emshoff et al., 
sports are increasingly involved in the causes of 
mandibular fractures. His study showed sporting 
activities to be the main causative factor of man-
dibular fractures, accounting for 31.5% (Emshoff 
et al. 1997). The difference may be attributable to 

the extensive sports facilities and tourism indus-
try in the studied region (Innsbruck).

Mandibular fractures are generally described 
by the part of the mandible that is involved. The 
mandible can be divided into the following com-
ponents: symphyseal, para-symphyseal body, 
angle, ramus, coronoid process and condyle 
(Fig.  9a). The body is defined as the region 
between the posterior aspect of the mandibular 
canine and the posterior aspect of the second 
molar. The angle is delimited by the anterior and 
posterior margins of the 3rd molar tooth socket 
superiorly and the margins of the masseter mus-
cle inferiorly. Fractures of the mandibular con-
dyle can be further divided into condylar head 
(also referred as intra-capsular fractures), condy-
lar neck and subcondylar fractures (extra- 
capsular fractures) (Fig. 9b). The condylar neck 
is the thin constricted portion just below the con-
dylar head. The subcondylar area is superiorly 
confined to the line passing through the sigmoid 
notch and inferiorly to the line obliquely con-
necting the sigmoid notch to the masseter tuber-
osity (Dreizin et al. 2016; Alimohammadi 2018).

The location and type of the fracture are used 
to determine the treatment strategy and surgical 
access route. Condylar head fractures, for exam-
ple, are generally managed with closed reduction 
and intermaxillary fixation regardless of commi-
nution, as opposed to extra-capsular fractures in 
which open repair might be indicated. Displaced 
condylar head fractures are occasionally reduced 
and internally fixed to prevent malocclusion 
(Fig. 10) (Patel et al. 2012). Body fractures are 

Fig. 8 18-year-old male 
who was hit by an ice 
hockey puck. 
Orthopantomogram, 
displaying a horizontal 
crown-root fracture of 
tooth 12 (arrow) and a 
crown avulsion fracture 
of teeth 11 and 21 
(arrowheads). Courtesy: 
Marianne Suuronen, 
MSD, Helsinki, Finland
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often unfavourable and need open reduction 
because of the actions of the masseter, temporalis 
and medial pterygoid muscles, which distract the 

proximal segment superior and medially. 
Additionally, the mylohyoid muscle and anterior 
belly of the digastric muscle may contribute to 

a b

Fig. 9 a Volume rendered image with colour overlay 
showing the regions of the mandible and their approxi-
mate demarcations. An imaginary line drawn down from 
the canine teeth separates the para-symphyseal region 
from the body of the mandible. The angle is delimited by 
the anterior and posterior margins of the third molar tooth 
socket superiorly and the anterior and posterior margins 
of the masseter muscle insertion inferiorly. The condyles 

and coronoid processes form the superior projections of 
the mandible. b Volume rendered image of the mandibular 
condyle with its different anatomical parts. The condyle 
can be divided into three parts: the condylar head, which 
articulates with the glenoid fossa; the neck, which is 
below the lateral pterygoid muscle insertion and above the 
sigmoid notch, and the subcondylar area, which is below 
the sigmoid notch

a b

Fig. 10 10-year-old boy who fell from his horse. a Axial 
CT image at the level of the condylar heads, demonstrat-
ing the fracture line (arrowheads) running in an antero- 
posterior direction through the condylar head on both 
sides. b Coronal CT reconstruction at the level of the con-

dylar heads, showing the bilateral intra-capsular fracture 
of the condylar head (arrowheads) with downwards dis-
placement of the medial fragments. Courtesy: Christoph 
Kenis, MD, Heusden, Belgium
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the unfavourable nature of this fracture by dis-
placing the anterior fractured segment posteriorly 
and inferiorly (Alimohammadi 2018). In case of 
body fractures, the fracture line may cross the 
inferior alveolar canal which may lead to neuro-
sensory disturbances. The risk is much greater 
when the displacement exceeds 5  mm (Dreizin 
et al. 2016).

The mandible is a U-shaped structure that fre-
quently fractures in 2 locations rather than in 1. A 
common pattern is a mandibular angle or sym-
physeal fracture on 1 side, with a contralateral 
body or condyle fracture (Viozzi 2017). Trifocal 
(para-symphyseal and bicondylar) fractures, 
bilateral angle fractures and bilateral body frac-
tures—so-called flail mandible—can result in 
unrestricted posterior and inferior pull of the free 
anterior mandibular segment, with loss of ante-
rior support of the tongue from the genioglossus 
(Fig. 11). The ptosis of the tongue, the sublingual 
and submandibular hematomas and intraoral 
bleeding commonly associated with these frac-

tures may contribute to airway compromise. 
Therefore, identifying flail mandible and associ-
ated soft tissue injuries as airway compromise 
risks is critical (Dreizin et al. 2016).

4.4  Central Midface Fractures

Central midface fractures are classified into frac-
tures of the nose, naso-orbito-ethmoid complex 
fractures and Le Fort I, II and III types of frac-
tures (Som and Brandwein 2003).

Nasal fractures are the most common sports- 
related facial fractures with sports accounting for 
up to 27% of all nasal fractures (Greenberg and 
Haug 2005). With the nasal pyramid projecting 
from the midface, it is the most vulnerable to 
injury of all facial bones. The major features that 
should be mentioned in the radiological report 
include: (1) unilateral versus bilateral, (2) simple 
versus comminuted, (3) displacement with or 
without depression and (4) associated septal 

a b

Fig. 11 19-year-old male involved in a motorcycle acci-
dent. He died a few hours after admission to the hospital. 
a Axial CT image through the mandibular body, demon-
strating a fracture through the right para-symphyseal man-
dibular area (small arrowhead) as well as a fracture at the 
level of the left mandibular angle (large arrowhead). Note 
the severe posterior displacement of the mandibular frag-
ment in between both fracture lines. Patient is intubated as 
there is a nearly complete obliteration of the oropharyn-
geal air space (arrow). b Anterior view of a 3D volume 

rendered and surface shaded CT volume showing a double 
mandibular fracture with the typical pattern of the para- 
symphyseal involvement on one side and involvement of 
the angle on the other side resulting in a flail mandible. 
There is a severe displacement of the free mandibular seg-
ment posteriorly and inferiorly by the force of the supra-
hyoid mandibular depressors causing a nearly complete 
obstruction of the oropharyngeal air space. Courtesy: 
Christoph Kenis MD, PhD, Heusden-Zolder, Belgium
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fractures. If the fracture is comminuted, one has 
to look for depression or telescoping of the frac-
ture as they are almost universally treated with 
open reduction (Patel et al. 2012).

Identification and drainage of a septal hema-
toma following injury to the nose is important to 
minimize postoperative morbidity (Fig.  2). The 
perichondrium adheres tightly to the septal carti-
lage and provides its blood supply. A septal 
hematoma occurs between the septal cartilage 
and perichondrium, effectively separating the 
cartilage from its nutrient source. If a septal 
hematoma is not properly drained, pressure- 
induced avascular necrosis can occur within 3 
days, and if not treated, lead to nasal deviation 
and (saddle) nose deformity (Marston et  al. 
2017).

Naso-orbital-ethmoid (NOE) fractures com-
monly occur following blunt trauma to the upper 
part of the central midface or an isolated impact 
to the bridge of the nose resulting in posterior 
displacement of the nasal bones and frontal pro-
cess of the maxilla with telescope-like deforma-
tion and collapse of the anterior ethmoid. The 
most common classification of these fractures is 
the Markowitz classification. This classification 
system is based around a central fragment from 
the medial orbital rim, which contains the attach-
ment for the medial canthal tendon. In the first 2 
types of NOE fractures (Markowitz types I and 
II), the fracture lines are around the central frag-
ment and thus the medial canthal tendon is intact. 
Type I fractures are those with a single-fracture 
fragment, whereas type II fractures are commi-
nuted. The type III NOE fractures are also com-
minuted, but the medial canthal tendon is 
disrupted from the bone. The medial canthal ten-
don is important because it contributes to the nor-
mal definition and spacing of the eyes. If not 
repaired, then the eyes may appear too far apart 
(telecanthus). Therefore, it is important to men-
tion in the radiological report whether the frac-
ture fragment is single or comminute, in which 
case medial canthal tendon injury is possible 
(Fig. 12) (Patel et al. 2012). Commonly associ-
ated injuries include lacrimal duct injury and 
fractures of the cribriform plate (Schuknecht and 
Graetz 2005; Som and Brandwein 2003).

Complex midface fractures are typically 
referred to in the context of Le Fort’s early ana-
tomic studies. Although visualization of injury to 
the struts and buttresses of the face is required for 
repair of these fractures with restoration of the 
3D stability and symmetry of the face, the Le 
Fort classification still appears to be a succinct 
way of summarizing and communicating the 
major planes of certain fractures. The greatest 
frequency of Le Fort types of fractures results 
from assaults and motor-vehicle collisions, with 
sports accounting for only 5–8% of such frac-
tures (Greenberg and Haug 2005).

Common to all Le Fort fractures is the fracture 
of the pterygoid processes. In addition, each Le 
Fort fracture has a unique component (Fig.  13) 
(Rhea and Novelline 2005). The Le Fort I frac-
ture runs horizontally above the maxillary alveo-
lar process and is the only one that involves the 
anterolateral margin of the nasal fossa just above 
the maxillary alveolar process. The Le Fort II 

Fig. 12 25-year-old male scanned after head-knee colli-
sion during a football game. Right anterior oblique view 
of a 3D volume rendered and surface shaded CT volume 
showing a depression of the naso-fronto-ethmoidal com-
plex into the ethmoidal sinuses. The right medial orbital 
wall consists of a large single bony fracture fragment 
(asterisk) compatible with a Markowitz type I naso- 
orbital- ethmoidal (NOE) fracture. There is an associated 
right-sided inferior orbital rim fracture. Courtesy: Riste 
Saat, MD, Tallinn, Lithuania
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fracture is pyramidal in shape with the teeth at 
the base of the pyramid and the nasofrontal suture 
at the apex of the pyramid. This type of fracture 
is the only one that involves the inferior orbital 
rim. Posterior and lateral walls of maxillary 
sinuses are also broken. The Le Fort III fracture 
separates the facial bones from the rest of the 
skull. This fracture crosses the frontonasal suture, 
runs through the ethmoid bone or the lamina pap-
yracea into the orbit to the inferior orbital fissure 
and courses laterally to involve the sphenozygo-
matic and fronto-zygomatic suture. The Le Fort 
III fracture is the only one that involves the zygo-
matic arch. Keep in mind that multiple types of 
Le fort fractures may be present and that each 
side of the face may be fractured differently 

(Fig. 14). Patients with Le Fort II and III fractures 
are also at a higher risk for associated vascular or 
cranial injuries (Patel et al. 2012).

4.5  Lateral Midface Fractures

Lateral midface fractures consist of zygomatic 
arch fractures, zygomaticomaxillary complex 
(ZMC) fractures and fractures of the orbit (Som 
and Brandwein 2003). Sports injuries account 
for 4–11% of all zygomatic (Greenberg and 
Haug 2005) and 13% of all orbital fractures 
(Lock et al. 2017).

When there is an isolated fracture of the 
zygomatic arch, there usually are at least three 

Fig. 13 Schematic drawing of the Le Fort fractures on an 
anterior and right anterior oblique view of a 3D volume 
rendered and surface shaded CT. The blue volume repre-
sents the Le Fort 1 fracture also known as the “floating 
teeth” fracture with complete detachment of the lower 
maxilla from the face. The green volume represents the Le 
Fort 2 fracture also known as the “pyramidal fracture” 

(due to pyramidal shape of the detached maxilla) or “float-
ing maxilla” fracture with a complete detachment of the 
maxilla from the skull base. The red volume represents the 
Le Fort 3 fracture also known as the “floating face” frac-
ture with a complete detachment of the maxillofacial 
complex of the skull base and the rest of the skull
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discrete fracture lines, creating two fracture seg-
ments. As with other facial fractures, zygomatic 
fractures should be described in terms of dis-
placement and comminution, as these are impor-
tant indicators for surgical planning (Fig.  15). 
Usually, these pieces are displaced medially and 
downwards, reflecting the direction of the impact 
force.

In zygomaticomaxillary complex (ZMC) frac-
tures also-called tetrapod fracture, the fracture 
line extends from the lateral orbital wall (zygo-
maticofrontal suture and the zygomaticosphe-
noid suture) to the inferior orbital floor and the 
anterior maxilla near the zygomaticomaxillary 
suture, and along the weakest part of the zygo-
matic arch, which is about 1.5 cm dorsal to the 
zygomaticotemporal suture. Associated enoph-
thalmos, ocular injury or involvement of the 
infraorbital nerve should be described (Fig. 16) 
(Patel et al. 2012).

One-third of orbital blow-out fractures are 
sustained during sports. Soccer is most com-
monly involved. A blow to the orbit by an object 
that is too large to enter the orbit (baseball, fist, 
etc.) may cause a fracture of the orbital floor and 
leaving the inferior orbital rim intact. Herniation 
of orbital fat, inferior rectus muscle and inferior 
oblique muscle can occur. Additionally, or rarely 
alternatively, the medial orbital wall—lamina 
papyracea—may be displaced into the ethmoid 
resulting in the so-called “medial blow-out” frac-
ture with potential herniation of the medial rectus 
muscle (Fig. 4). Supraorbital roof fractures (also 
called “blow-up” fractures) are uncommon 
(Schuknecht and Graetz 2005; Som and 
Brandwein 2003). Indications for surgery include 
a large fracture involving >1  cm2 of the orbital 
floor (whether there is associated enophthalmos) 
and rounding or kinking of the medial or inferior 
rectus muscle as a sign of entrapment. If left 

a b

Fig. 14 54-year-old male bicycle racer, ran in a ditch, hit-
ting a wall with the forehead. a Right and b left anterior 
oblique view of a 3D volume rendered and surface shaded 
CT volume. There is a bilateral fracture of the anterior 
wall of the maxillary sinus and the inferior orbital rim 
(large arrowheads) extending into the medial orbital wall 
cranially and ending in a transverse fracture of the nasal 

bone (small arrowheads), compatible with a bilateral Le 
Fort 2 fracture. Note the associated fracture of the lateral 
orbital wall on the left side (arrow), compatible with a Le 
Fort 3 fracture on the left side. There is also an associated 
comminuted depression fracture of the frontal sinus ante-
rior wall (asterisk)
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a b

Fig. 15 59-year-old male who was kicked by his horse 
onto the left lateral side of his face. a Axial CT image in 
bone windows at the level of the zygoma. The left zygoma 
is fractured at 3 places (small arrowheads). Note the 
depression of the left zygoma towards the depth of the left 
infratemporal fossa. b Inferior view of a 3D volume ren-
dered and surface shaded CT volume showing the left- 

sided zygoma fracture. Note the depressed left zygomatic 
arch (white arrowhead), nearly touching the left coronoid 
process (black arrowhead). The fracture was repaired sur-
gically and the form and position of the left zygoma was 
restored in order to avoid restriction of the mouth opening 
and development of ankylosis

a b

Fig. 16 16-year-old male hit by a baseball to the right 
side of his face. a Coronal CT reconstruction at the retro-
bulbar level demonstrating the fracture through the lateral 
orbital wall (large arrowhead) and the orbital floor (small 
arrowhead), running through the inferior orbital canal, 
which gives hypaesthesia/anaesthesia in the area of the 
infraorbital nerve. b Right anterior oblique view of a 3D 

volume rendered and surface shaded CT volume showing 
the fractures of the right zygomatic arch (small arrow-
head), the fronto-zygomatic suture (large arrowhead), as 
well as the right anterior maxillary sinus wall (arrows). 
Conclusion: right-sided zygomaticomaxillary complex 
(ZMC) fracture. Courtesy: Frank Pameijer MD, PhD, 
Utrecht, the Netherlands
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untreated, entrapped muscles can undergo pro-
gressive fibrosis. A specific type of blow-out 
fracture that occurs in the paediatric population is 
the “trapdoor” fracture. The “trapdoor” fracture 
is similar to other blow-out fractures in injury 
mechanism and bones involved. However, in 
children, the fracture fragment can jump back 
into place and trap the muscle outside of the 
orbital wall (Fig. 17). This type of fracture is con-
sidered a surgical emergency, as the muscle can 
become ischemic (Patel et al. 2012).

Attention should be paid to potential associ-
ated ocular injuries in orbital fractures including 
globe rupture, retrobulbar hematoma, optic nerve 
injury or lens dislocation.

4.6  Frontal Sinus Fractures

Frontal sinus fractures are less common than 
other fractures of the craniomaxillofacial skele-
ton because of their greater thickness and biome-
chanical advantages. Sports injuries account for 
3–5% of all frontal sinus fractures (Greenberg 
and Haug 2005). Frontal bone fractures are clas-
sified according to the involvement of the ante-
rior or posterior walls (or tables) (Som and 
Brandwein 2003). The nasofrontal duct normally 
drains the frontal sinus, and occlusion potentially 

leads to the development of mucoceles, mucopy-
oceles, osteomyelitis or abscess. The nasofrontal 
duct may be difficult to evaluate by imaging 
alone. However, nasofrontal duct injury should 
be strongly suspected if one of the three findings 
are present: fracture fragments in the nasofrontal 
outflow tract, fracture of the frontal sinus floor, or 
fracture of the medial wall of the anterior table 
(Fig. 14) (Patel et al. 2012). Associated intracra-
nial haemorrhage and pneumocephalus should 
also be excluded when a frontal sinus fracture is 
present. Such findings are suspicious for dural 
violation, and when present, should prompt pro-
phylactic antibiotics administration to prevent 
intracranial infection (Patel et al. 2012).

5  Conclusions

In conclusion, the vast majority of sports-related 
maxillofacial injuries are of minor nature. These 
typically include soft tissue lacerations followed 
by dentoalveolar fractures and minor facial bone 
fractures. The most frequently occurring facial 
fractures in sports are (in descending order): 
nasal, mandibular and zygomatic fractures. The 
vast majority of facial fractures are encountered 
during team sports such as soccer and rugby. This 
is usually the result of an impact with another 

a b

Fig. 17 26-year-old male complaining of double vision 
after being hit by a squash ball to the orbit. a Coronal CT 
reformation in soft tissue window at the retrobulbar level. 
Note the descent of orbital fat into a small defect of the 
right orbital floor (arrowhead). The inferior rectus muscle 
has a rounded shape and is attracted to the defect (arrow). 
b Coronal CT reformation in bone windows at the same 
level. Note the opacification of the right maxillary sinus 

and the almost intact aspect of the orbital floor, apart from 
a small fracture line (arrow). Conclusion: Orbital floor 
“trapdoor” fracture. In this type of fracture, the inferiorly 
displaced fracture segment has jumped back into its nor-
mal position—like a trapdoor—with entrapment of orbital 
fat and/or the inferior rectus muscle. This entrapment 
makes it a surgical emergency as the muscle can become 
ischaemic. Courtesy: Steve Connor, MD, London, UK
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player. Dentoalveolar and mandibular fractures 
always require initial investigation by intraoral 
periapical films and OPG. CBCT is used for fur-
ther diagnostic workup. MDCT is the modality of 
choice for a complete evaluation of the facial 
skeleton and facial soft tissues in case of a com-
plex, high-velocity or high-energy mandibular 
and maxillofacial trauma.
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Abstract

Specific imaging literature on abdominal and 
thoracic wall injuries is relatively uncommon 
compared to the overall incidence in sports 
medicine. However radiological grading and 
follow-up of musculotendinous unit (MTU) 
elongation may be significant in athletes. 
Moreover radiological diagnosis is relevant in 
specific circumstances. During the past two 
decades, the frequency of pectoralis major 
muscle injuries has increased. Ultrasound and 
magnetic resonance imaging are helpful for 
treatment planning. A thorough understanding 
of the complex anatomy of the pectoralis major 
is crucial. Rectus abdominis sheath haematoma 
has to be excluded in cases of muscular tear as 
it might not self-tamponade. Clinical diagnosis 
of groin lesions is difficult and therefore radio-
logical procedures may be of additional help in 
the diagnosis of groin lesions. An in-depth 
knowledge of the anatomy and biomechanics 
of the thoracic and abdominal wall is a prereq-
uisite for understanding the pathological condi-
tions of this area. Handlebar injuries are a 
significant cause of both blunt abdominal 
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trauma and lacerations to the contact area in 
children. The high proportion of lacerations 
observed in this type of trauma result from the 
sharp metallic end of the handlebar cutting 
through the soft rubber handle. Arterial endofi-
brosis at the external iliac artery is found in 
cyclists. It is characterized by thickening of the 
intima and/or adventitia. Angiographic exami-
nation demonstrates tapering of the arterial 
lumen with elongation of the artery.

1  Introduction

Specific imaging literature on abdominal and 
thoracic wall injuries is relatively uncommon 
compared to the overall incidence in sports medi-
cine. This is because the clinical diagnosis is usu-
ally straightforward and imaging is only needed 
to exclude anatomical variants (scapulothoracic 
crepitus) and concomitant lesions (rib fractures, 
handlebar trauma of the abdomen). However 
radiological grading and follow-up of musculo-
tendinous unit (MTU) elongation may be signifi-
cant in athletes. Moreover radiological diagnosis 
is relevant in specific circumstances. Rectus 
abdominis sheath haematoma has to be excluded 
in cases of muscular tear as it does not self- 
tamponade. Clinical diagnosis of groin lesions is 
difficult and therefore radiological procedures 
may be of additional help in the diagnosis of 
sports hernia and groin disruption.

A thorough knowledge of the anatomy, variant 
anatomy and biomechanics of the thoracic and 

abdominal wall is a prerequisite for understand-
ing the pathological conditions of this area 
(Figs. 1 and 2). The anatomy and biomechanics 
of the thoracic and abdominal wall are summa-
rized in Fig. 3 and Tables 1 and 2, respectively.

2  Rib Cage and Thoracic Wall

Rib and sternum injuries are relatively rare in ath-
letes. Rib fractures can be divided into two main 
categories: traumatic fractures and stress 
fractures.

2.1  Rib Fractures and Chondral 
Lesions

Rib fractures are the most common injury of the 
chest wall. Mostly, they occur at the middle and 
lower ribs with blunt trauma. Lateral rib fracture 
or injury to the costochondral junction is caused 
by a direct force to a small area most often com-
ing from an anterior direction. Compression of 
the entire thorax results in fractures of multiple 
ribs.

Fractures of the first four ribs or the last two 
ribs, multiple fractures and flail segments have a 
less benign cause than other rib fractures, as they 
may result in injury to surrounding structures. In 
lower left or right rib fractures associated splenic 
or hepatic trauma is reported in up to 20% and 
10%, respectively. Ultrasound is an excellent tool 
to detect occult fracture. The term flail chest is 
used if three or more ribs are fractured in two or 

Fig. 1 Sternalis muscle. Male 66 years old. Axial CT images reveal a unilateral sternalis muscle at the right hemitho-
rax, which is a normal variant (arrow)
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more locations provoking paradoxical motion 
during respiration.

Rib fractures may also be caused by violent 
muscle contractions. First rib and floating rib 
fractures are uniquely athletic fractures, caused 
by a sudden vigorous contraction in different 
directions of pull (Miles and Barrett 1991; Coris 
and Higgins 2nd. 2005). Fractures of the first rib 
have been reported in basketball players.

Fracture diagnosis is generally straightfor-
ward on standard radiographs (chest series and 
rib series). The differential diagnosis includes 
severe rib contusion, costochondral separations, 
muscle elongation and pneumothorax.

Furthermore, chondral lesions, costochondral 
separations and rib fractures may be dynamically 
examined with ultrasound. By using 
 ultrasonographic palpation to detect the pain at 
the region of interest (ROI) the accuracy of the 
technique is improved (Fig.  4). Examination of 
the painful ROI is performed during inspiration, 
expiration and pain-provoking manipulations. A 
short video sequence can be used to capture the 
intermittent step off at a costochondral separation 
or the snapping movement at the region of inter-
chondral friction.

2.2  Stress Fractures of the Ribs

Stress fractures of the rib have been reported in 
throwing, golf, rowing, canoeing and swimming 
(Iwamoto and Takeda 2003) and occasionally in 
soccer (Matsumoto et  al. 2003), kickboxing 
(Sakellaridis et  al. 2004) and baseball players 
(Curran and Kelly 1966; Gurtler et al. 1985). In 
soccer, fractures are located at the first rib, 
whereas the lower ribs are involved in golfers and 
rowers. Fractures at the antero- to posterolateral 
aspects of ribs five through nine were most often 
associated with long-distance training and heavy 
load per stroke. Clinically, patients present with 
difficulty in abducting the arm (Gaffney 1997). A 
mechanism involving pull of the serratus anterior 
and external oblique muscles on the rib has been 
proposed as the cause of repetitive bending of the 
rib, leading to stress fracture. A modified tech-
nique using less reach, pull-through and layback 

Fig. 2 Accessory pectoralis muscle. Nineteen-year-old 
female with left-sided accessory pectoralis muscle 
(arrow). This finding should not be confused with an 
adenopathy

Fig. 3 Superficial muscles of the groin and abdominal 
wall. AL adductor longus muscle, GR gracilis muscle, LI 
ligamentum inguinale, LD latissimus dorsi, OE obliquus 
externus abdominis muscle, OE APO aponeurosis, exter-
nal inguinal ring, PECT pectineus muscle, PM pectoralis 
major, RA rectus abdominis muscle, SART sartorius mus-
cle, SIAS spina iliaca anterior superior
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Table 1 Anatomy of the thoraco-abdominal wall muscles

Muscle Origin Insertion Comment
M. Obliquus 
externus 
abdominis

8 Lower rib (cartilages) Outer lip of iliac crest
Anterior superior iliac crest
Aponeurosis
  – Symphysis pubis
  – Inguinal ligament

Interdigitate with 
serratus anterior
Outer layer of 
abdominal wall

M. Obliquus 
internus 
abdominis

Lateral two-thirds of 
inguinal ligament
Anterior two-thirds of the 
iliac crest
Thoracolumbar fascia

Lower three or four ribs
Rectus abdominis
Linea alba

Middle layer of 
abdominal wall

M. Transversus 
abdominis

Lateral third of inguinal 
ligament
Anterior two-thirds of the 
iliac crest
Twelfth rib
Lower six costal cartilages

Aponeurosis toward obliquus internus 
abdominis
Crista and pecten ossis pubis 
(conjoined tendon)

Innermost layer of 
abdominal wall

M. Rectus 
abdominis

Pubic crest, pecten ossis 
pubis
Front of pubis

Fifth through seventh costal cartilages Interconnection: linea 
alba
Intersected with 
tendinous intersections

M. Latissimus 
dorsi

Spina vertebra Th 6–12
Thoracolumbar fascia
  – Spinous process 

vertebra L1–L6
  – Spine vertebra sacrum
Posterior lip of iliac crest
Three or four lower ribs

Sulcus intertubercularis of humerus 
(common insertion with teres major 
tendon)

M. Serratus 
anterior

Upper eight or nine (ten) 
ribs

Medial border of the scapula Frequent variations at 
the origin

Table 2 Biomechanics of the thoraco-abdominal wall

Muscle Bilateral actions Unilateral actions Strains
Iliopsoas muscle Forward bending of trunk Hip flexion Resisted hip flexion, soccer
Obliquus externus 
abdominis

Aids in expiration
Forward bending of trunk

Contralateral bending Twisting motions Tennis, 
football, hockey, groin 
disruption

Obliquus internus 
abdominis

Retains abdominal viscera 
in position
Bending of trunk forward

Ipsilateral bending Twisting motions, tennis, 
groin disruption

Transversus 
abdominis

Retains abdominal viscera 
in position

Rectus abdominis Retains abdominal viscera 
in position
Forward bending of trunk

Groin disruption

Serratus anterior Pulls scapula anterior, reaching 
and pushing movements

Swimming, baseball pitcher 
(rare)

Latissimus dorsi Violent expiratory 
movements (coughing, 
sneezing)

Adduction, extension, medial 
rotation of the ipsilateral 
humerus

Throwing sports (rare)
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should decrease the forces transmitted to the rib 
by these muscles, and decrease the risk for stress 
fractures (Karlson 1998).

Avulsion fractures of the floating ribs may 
also result from the opposing pulls of the latissi-
mus dorsi, the internal obliques and the serratus 
posterior inferior muscles (Tullos et  al. 1972). 
Diagnosis is confidently made by bone 
scintigraphy.

2.3  Injuries to the Sternum

Injuries of the sternum in athletes are rare. 
Most sternal injuries occur in automobile rac-
ing. Fowler (1957) reported three mechanisms 
of trauma: direct, indirect and muscular. Direct 
injuries occur when either a helmet, steering 
wheel or elbow (basketball players) strikes the 
sternum directly producing an inward displace-
ment of the lower portion of the sternum. 
Indirect injury results from flexion compres-
sion injury of the cervicothoracic spine leading 
to posterior displacement of the cranial part of 
the sternum with manubriosternal dislocation 
due to direct strike of the chin to the manu-
brium. This has been reported in a football 
player.

Barbaix (2000) and Keating (1987), respec-
tively, reported stress fractures of the sternum in 
a golfer and a wrestler.

2.4  Injuries to the Pectoralis 
Major, Latissimus Dorsi 
and Teres Major

Pectoralis major injuries were rare, typically 
occurring in active individuals participating in 
manual labour or sports. During the past two 
decades, the frequency of pectoralis major mus-
cle injuries has increased in association with the 
increased popularity of bench press exercises 
(Lee et al. 2017). Diagnosis can usually be made 
based on a patient’s history and physical exami-
nation. Injury of the pectoralis major can occur at 
the sternal muscle origin, muscle belly, musculo-
tendinous junction, intratendinous region and/or 
humeral insertion—with or without bone avul-
sion. The extent of the tendon injury ranges from 
partial to complete tears. Specific treatment 
options, conservative or surgical, should be based 
on the severity of the injury and the patient’s indi-
vidual needs. In recent studies, operative repair 
of pectoralis major rupture has been shown to 
restore normal chest-wall muscle contours and 
preoperative strength (even in competitive ath-
letes) (Dodds and Wolfe 2002; Neitzschman and 
Wilson 1999). Ultrasound and magnetic reso-
nance imaging grading and characterization are 
helpful for treatment planning, conservative or 
surgical (Figs. 5 and 6). US may be useful for the 
initial screening of injuries, but MR imaging 
should be used invariably for patients in whom 
surgery is being considered and a more thorough 
evaluation is required (Lee et al. 2017). A thor-
ough understanding of the complex anatomy of 
the pectoralis major is crucial. The pectoralis 
major has a parallel muscle fibre architecture 
with a broad clavicular, sternal and variable 
abdominal origin (Fig. 7a). The abdominal origin 
originates from the rectus abdominis fascia. The 
sternal head with origin at the anterior manu-
brium, sternum and second to sixth rib cartilages 
constitutes 80% of the muscle. This sternal part is 
divided by fascial planes in five segments for 

Fig. 4 Rib fracture. Rib fracture in an 82-year-old male 
with local pain at the anterior part of the left second rib. 
Chest and rib radiographs show no rib abnormality. 
Ultrasound examination and palpation along the long axis 
of the rib. Cortical interruption at the point of tenderness 
with subtle step off (arrow) and small haematoma 
(arrowhead)
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each rib 2–6. A specific partial overlap of the cra-
nial over the caudal neighbouring muscle divi-
sion creates the aspect of a Chinese fan (Fig. 7a). 
The caudal parts are most commonly involved in 
elongation injury. Distally a short MTJ is inserted 
into a common tendon with a length of about 
5 cm and a width of about 4 cm craniocaudally. 
The tendon is an inferiorly connected double- 
layered U-shaped sulcus: the cranial half of the 
muscle (sternal and manubrial) and caudal half of 
the muscle (manubrial and abdominal) form the 
anterior and posterior tendon components, 
respectively (Fig. 7b). Distally these two layers 
fuse and run anterior to the coracobrachialis, 

short and long head of the biceps, respectively, to 
get inserted at the lateral margin of the intertuber-
cular sulcus of the humerus (crista tuberculi 
majoris) at the same level of the teres major and 
latissimus dorsi (Figs. 7c, 8a–c, and 9a, b). The 
latter run deep to the coracobrachialis and the 
short head of the biceps and get inserted on the 
medial margin of the intertubercular sulcus 
(crista tuberculi minoris). Eighty-three percent of 
injuries to the pectoralis major are elongation 
related during eccentric contraction with 
extended humerus; 48% of them are bench press-
ing related (Elmaraghy and Devereaux 2012) and 
others are related to rugby, wrestling, ju-jitsu 

a b

Fig. 5 (a, b) Haematoma at the muscle belly of the cla-
vicular part of the pectoralis major muscle in a 46-year- 
old male patient. (a) Transverse US view. (b) Longitudinal 

US view. Notice a structural anomaly with fluid infiltra-
tion at the muscle

a b

Fig. 6 (a, b) Ultrasound demonstration of a 1-day-old 
pectoralis major haematoma in a 33-year-old male. (a) 
Longitudinal US view. (b) Transverse US view. Note the 

heterogeneous mass of mixed reflectivity at the medial- 
cranial half of the pectoralis muscle belly
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gymnastics and boxing. Contusion injury is most 
often located at the muscle origin and muscle 
belly. Pectoralis major elongation injury is classi-
fied according to Tietjen and later on according to 
ElMaraghy and Deveraux (Tietjen 1980; 

Elmaraghy and Devereaux 2012); actually this 
classification is adapted to the BAC muscle injury 
classification system (Gielen et al. 2021, Table 3) 
taking into account the location and extent. 
Muscular origin, intramuscular and subfascial 

a

b

c

Fig. 7 (a–c) Normal anatomy of the pectoralis major, 
latissimus dorsi and teres major. (a) Clavicular (1), sternal 
(2–5) and abdominal (6, 7) pectoralis major segments. 
Fanlike partial overlap of the segments. (b) Distal tendon 
is U-shaped with segments 1–3 anterior and 5–7 posterior 
and inferior connecting segment 4. Tear of the pectoralis 
major tendon starts inferior/anterior (curved arrow). Four 
consecutive tear types are recognized: (1) Partial width 
partial thickness: tear of segments 7–6 (abdominal por-
tion). (2) Full width partial thickness: tear of segments 

7–3 (abdominal and sternal portion). (3) Full-width tear of 
the posterior portion and partial width tear of the anterior 
portion: tear of segments 7–2 (two-layer component). (4) 
Full-thickness/full-width tear: complete tear of all seg-
ments. (c) Fusion of the anterior and posterior tendon at 
the insertion on the crista tuberculi majoris (tub maj). 
Caput longum tendon of the biceps (Bic CL) at the intertu-
bercular sulcus. Insertion of the teres major (TM, T) and 
latissimus dorsi (LD) tendon, respectively, into medial 
and lateral on the crista tuberculi minoris (tub min)

Thoracic and Abdominal Wall Injuries in Sports



672

lesions (BAC suffix a) have the best prognosis 
and generally are treated conservatively; lesions 
located at the MTJ (BAC suffix b, prevalence 
24%) (Fig. 10a–c) tend to have a longer rehabili-
tation period; and lesions with involvement of the 
tendon (BAC suffix c, prevalence 59%) have the 
longest rehabilitation period, might show tendon 
retraction and often need surgical repair (Haley 
and Zacchilli 2014). The tendon tears in a charac-
teristic sequence starting from the inferior seg-
ments (7 and 6) which is the location of the 
greatest strain resulting in BAC suffix c partial 
lesions that often involve only part of or the 

whole posterior abdomino-sternal segments 
(Fig. 7b). These partial lesions are quantified by 
measuring the length (retraction), width (full or 
partial thickness) and craniocaudal extent (partial 
or complete) (Fig.  7b). In complete tendon 
lesions both anterior clavicular and posterior 
abdomino-sternal segments are involved with 
retraction of the tendon and anterior displace-
ment of the tendon of the long head of the biceps 
(Fig. 7b). Distal lesions with bony avulsion also 
exist and might need primary fracture fixation. A 
distinction is made between acute and chronic 
tears because with chronic injuries, a delay in 

a

cb

Fig. 8 (a–c) US and MRI demonstration of distal inser-
tion pectoralis major, teres major and latissimus dorsi. (a) 
Longitudinal pectoralis major view with demonstration of 
the double-layered pectoralis major tendon. (b) 
Longitudinal pectoralis major view with demonstration of 
the teres major and latissimus dorsi tendons. (c) Axial 

TSE T1-WI. Pectoralis major tendon (arrows) anterior to 
the coracobrachialis and short head of the biceps muscle 
bellies. Posterior to these muscle bellies location of the 
teres major (arrowhead) and latissimus dorsi tendons 
(small arrow) with insertion on the crista tuberculum 
minoris
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a b

Fig. 9 (a, b) Normal anatomy tendon and distal insertion 
of the pectoralis major, latissimus dorsi and teres major 
muscle. (a) Sagittal T1-WI. (b) Axial fat-suppressed 
T2-WI. Latissimus dorsi tendon (a, b arrows). Pectoralis 

major tendon (thick arrow). Biceps muscle, short head 
(SHB). Coracobrachialis muscle (CBR). Long head of tri-
ceps (LHT). Teres major (TMa). Teres minor (TMi)

a b

c

Fig. 10 (a–c) Partial tear at the MTJ of the abdomino- 
sternal segments of the pectoralis major in a 47-year-old 
male patient. (a) Longitudinal view of the inferior part of 
the pectoralis major with fluid collection (arrow) and dis-
tracted tendon (arrowhead) of the abdominal and lower 
sternal head (see also Fig. 7b (2)). (b) Longitudinal view 

of the central part of the pectoralis major with structural 
anomaly at the central sternal head of the pectoralis major. 
(c) Transverse view of the pectoralis major with fluid- 
filled collection (arrow) at the lower lining of the muscle 
belly: abdominal and lower sternal head
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surgery of a few weeks to a few months is associ-
ated with the development of adhesions, muscu-
lar contraction, atrophy and worsened functional 
outcome (Lee et al. 2017). Distal pectoralis major 
lesions have to be discriminated from distal acute 
and chronic overuse and elongation lesions to the 
latissimus dorsi and teres major; these lesions are 
also the result of forceful resisted arm adduction. 
The distal insertion is located at the crista tuber-
culum minoris at the same level as the distal pec-
toralis major insertion (Figs. 7a–c, 8a–c, and 9a, 
b). Both tendons may be involved in the same 
elongation injury. They are rare and reported in 
baseball pitching, golf, gymnastics, rock climb-
ing, volleyball and water ski (Anderson et  al. 
2005; Schickendantz et al. 2009).

2.5  Scapulothoracic Crepitus 
and Bursitis

Symptomatic scapulothoracic crepitus is also 
known as the snapping scapula, the washboard 
syndrome or the scapulothoracic syndrome. This 
is due to repetitive friction of the scapula against 
the thoracic wall. A gentle friction (froissement) 
is described as physiologic but grating (frotte-
ment) and loud snapping (craquement) are defini-
tively pathologic. Symptomatic scapulothoracic 
bursitis affects the superomedial and the inferior 
angle of the scapula. Predisposing anatomic con-
ditions include osteochondroma or malunion of 
rib of scapula, and hooked superomedial angle of 
the scapula. A common cause of scapulothoracic 
crepitus in athletes involves abnormalities in con-
gruence of the scapulothoracic articulation (i.e., 
scoliosis and thoracic kyphosis) (Hellstrom et al. 
1990; Wojtys et al. 2000). In scapula infracora-
coid dyskinesis syndrome—frequently seen in 
throwing athletes—the scapula assumes a pro-
tracted and depressed position, with the inferior 
angle deviating laterally and leading to scapulo-
thoracic crepitus (Kuhn 2003). Athletes who par-
ticipate in sports that require repetitive overhead 
activity are also commonly affected. Repetitive 
motion may irritate soft tissues until chronic 

inflamed adventitious bursitis and inflammation 
develop. The bursa then undergoes scarring and 
fibrosis, with crepitus and pain to follow. MRI 
will occasionally demonstrate increased signal 
and even fluid collections in an inflamed bursa on 
T2-WI. This finding is highly specific for bursi-
tis, but in case of fibrosis, there may be absence 
of high signal changes. Ultrasound may detect 
these fibrotic adventitious bursae by revealing a 
volume increase in comparison with the normal 
side (Fig. 11a–c) (Huang et al. 2005). Radiographs 
with tangential views of the lateral scapula, com-
puted tomography (CT) or magnetic resonance 
imaging (MRI) may be helpful in identifying pre-
disposing anatomic disease.

3  Abdominal Wall

3.1  Introduction

Sports injuries to the hip and groin region have 
been noted in 5–9% of high school athletes 
(Morelli and Weaver 2005). Abdominal wall 
injuries occur in nearly one of ten patients com-
ing to the emergency department after non- 
penetrating trauma (Matalon et al. 2017). Injuries 
range from minor, such as abdominal wall contu-
sion, to severe, such as abdominal wall rupture 
with evisceration of abdominal contents (Matalon 
et al. 2017). These injuries occur most commonly 
in athletes participating in sports involving side- 
to- side cutting, quick accelerations and decelera-
tions, and sudden directional changes.

Injuries related to the abdominal wall fall into 
three basic categories: abdominal wall muscle 
and tendon injuries, acute and chronic groin 
lesions and nerve compression injuries. The mus-
cle groups that are susceptible to elongation 
injury are the internal and external obliques, rec-
tus abdominis and pyramidalis, adductor and 
obturator muscle groups, gracilis, pectineus, rec-
tus femoris and iliopsoas. This chapter focuses 
on trauma of the abdominal wall, iliopsoas and 
acute groin lesions. The other groin lesions are 
studied in Prasad et al. (2021).
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3.2  Abdominal Wall Muscle 
Lesions

Most commonly, there is a typical history of a sud-
den violent contraction of the muscle against resis-
tance with the muscle maximally stretched. Nearly 

all muscle elongations occur just adjacent to the 
musculotendinous junction (Garret et al. 1993). In 
the abdominal region most muscles have short ten-
dons or muscular origins and insertions, and there-
fore muscle elongation is often found near its origin 
or insertion (except for the rectus abdominis).

a b

c

Fig. 11 (a–c) Scapulothoracic crepitus. Scapulothoracic 
crepitus in a 25-year-old female with pain and snapping 
during left shoulder abduction-elevation at the level of the 
angulus inferior of the scapula. Patient with hyperkypho-
sis of the thoracic spine. Ultrasound (a) axial and (b) sag-
ittal (b, cranial = left) imaging plane at the painful region 
of the latero-inferior margin of the left and right scapula, 
respectively. Thickening of the tissue in between m. ser-
ratus anterior (arrows), m. latissimus dorsi (small arrows) 

and adjacent to the angulus inferior of the scapula at the 
left side. Aspect of adventitious bursa with nonhomoge-
neous low-reflective tissue that is slightly compressible 
and demonstrates no vascularization on power Doppler 
technique. (c) Comparison with right side, asymmetry 
with smaller volume of the interposed tissue. Within 
4 weeks after ultrasound-guided locoregional corticoste-
roid infiltration, there is gradual reduction of pain and 
snapping
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Injury to the oblique muscles of the abdomen 
will occur during twisting motions of the trunk. 
Lacroix et al. (1998) reported on operative find-
ings of varying degrees of tearing of the external 
oblique aponeurosis and external oblique muscle 
associated with ilioinguinal nerve entrapment in 
11 elite ice hockey players. In this study, preop-
erative physical examination and imaging find-
ings (scintigraphy, US, CT, MRI) were 
consistently negative. Despite the lack of specific 
literature on the subject, it is our personal experi-
ence however that state-of-the-art ultrasound and 
MR imaging techniques are valuable methods for 
diagnosis, grading and follow-up of abdominal 
muscle elongations.

3.2.1  Side Strain and Hip Pointer
Side strain tears are rarely a diagnostic dilemma 
for clinicians. The study of Connell et al. (2003) 
showed that side strain is caused by an acute tear 
of the internal oblique musculature where it orig-
inates on the undersurface of the 9th, 10th, or, 
most commonly, the 11th rib or costal cartilages. 
Movements associated with bowling (cricket), 
rowing, swimming and golf cause lengthening of 
the muscle and superimposed eccentric contrac-
tion, making it vulnerable to rupture. MRI can 
depict the site of a muscle tear, characterize the 
severity of injury and monitor healing. Sagittal 
oblique muscle images are most useful for assess-
ing the degree of muscle injury (Fig.  12). 
Stripping of the periosteum occurs as the muscu-
lar attachment is avulsed from the osseous or car-
tilaginous origin. This may result in excessive 
haemorrhage even though the muscle tear may be 
of low grade. The presence of a haematoma often 
aids in the identification of the site of muscle 
injury. The MR signal characteristics of haemor-
rhage vary with different sequences and are time 
dependent. Follow-up MRI may be useful for 
monitoring healing and scar formation in patients 
who fail to respond to treatment.

Rarely fibres inserted on the anterior portion 
of the iliac crest may be disrupted, resulting in 
the so-called hip pointer. The equivalent in ado-
lescent patients is acute iliac crest apophyseal 
avulsion fracture (Fig. 13). Patients present with 
local tenderness along the injured muscle and 

iliac crest. Pain is aggravated by passive stretch-
ing of the muscles due to contralateral bending 
and activation of the muscle by twisting and flex-
ing the abdomen. Ultrasound and MRI docu-
mented the tear with fluid collection at the iliac 

Fig. 12 Side strain. Side strain in a 23-year-old male jav-
elin thrower with point tenderness and pain during com-
petition. Sagittal oblique STIR MR image (5300/38; 
inversion time, 120 ms) shows high signal at the origin of 
the m. obliquus internus at the undersurface of tenth rib 
(curved arrow). Haematoma tracks along muscle fibres of 
m. obliquus internus abdominis (asterisk) (reprinted with 
permission from Connell et al. 2003)

Fig. 13 Radiograph of the pelvis in a 16-year-old male 
soccer player with acute crista iliaca (CI) apophyseal 
avulsion fracture 2 weeks ago. Widening of the physis at 
the left CI (arrow)
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crest in an Australian football player (Murphey 
et al. 2016).

3.2.2  Rectus Abdominis Lesions
Similar problems result from elongation of the 
rectus abdominis muscle. This paragraph dis-
cusses the elongations and lesions after blunt 
trauma of the rectus abdominis. Elongation 
lesions are typically located at different levels 
near its tendinous intersections (Figs. 14 and 15). 
After blunt trauma to the abdomen, patients pres-
ent with lower grade injuries ranging from subcu-
taneous contusion to abdominal wall haematoma 
(Dennis et  al. 2009; Matalon et  al. 2017). It is 
however not uncommon to have injury to several 
muscle groups of the abdomen at the same time.

Johnson (2006) acknowledges the importance 
of rectus sheath haematoma (RSH) in cases of 
muscular tear or contusion from damage of the 
superior or inferior epigastric arteries or their 
branches. Above the arcuate line, the superior 
epigastric arteries are usually involved; below the 
arcuate line, the inferior epigastric arteries are 
most commonly implicated (Matalon et al. 2017). 
Rectus sheath haematoma is not always self- 
limiting and can cause hypovolemic shock with 
associated mortality. RSH caused by bleeding 
from the superior epigastric arteries is more 
likely to result in self-tamponade because of 
compression by the circumferential rectus sheath, 
and RSH caused by bleeding from the inferior 
epigastric arteries is less constrained by the 

absent posterior sheath (Matalon et  al. 2017). 
Ultrasonography (Fig. 16), CT and MR imaging 
are valuable tools for evaluation of the possible 
haematoma.

3.2.3  Iliopsoas Injury
Iliopsoas injuries occur during forceful resisted 
hip flexion. Clinically, the athlete will feel a sharp 
pain in the groin region that may radiate into the 
lower abdomen. Passive external rotation and hip 
extension and resisted hip flexion will be painful. 
In adolescents, an avulsion fracture of the lesser 
tuberosity may occur, whereas adults will pres-
ent with an injury to the musculotendinous junc-
tion. Therefore radiographs are sufficient for 
diagnosis in adolescents, whereas in adults, MRI 
is needed for a reliable diagnosis (Shin et  al. 
1996) (Fig. 21, see Gielen et al. 2021).

3.2.4  Acute Groin Disruption
Profound knowledge of the anatomical relation-
ships is a condition sine qua non to understand 
the pathology at this area.

Literature on acute groin disruption is rare. Our 
personal experience includes two cases of acute 
groin disruption that occurred in skiing (alpine ski 
and water ski with right and left lesions, respec-
tively). The patients experienced hyperextension 
of the spine-abdomen and abduction- extension of 
the hip while making a slip and fall. Both patients 
were diagnosed on ultrasound and MRI (Fig. 17a–
f). In both patients ipsilateral elongation with 

a b

Fig. 14 (a, b) Two-week-old tear at the right rectus 
abdominis in a 19-year-old soccer player. (a) Axial US 
image. (b) Longitudinal US image. Hyporeflective collec-

tion (1.5 cm) surrounded with hyperreflective infiltration 
located at the posterior subfascial area of the muscle belly. 
Grading BAC 2a (see Table 3 in Gielen et al. 2021)
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oedema was found at the external oblique aponeu-
rosis, rectus abdominis/pyramidalis tendon and 
anterior pubic ligament with avulsed fragment of 
the adductor longus with haematoma, elongation 
grade 2 at the origin at the gracilis, and pectineus 
and dehiscence of these structures from the ante-
rior pubis. This finding favours the PLAC concept 
(see Prasad et al. 2021) for more in-depth discus-
sion) and confirms the hypothetic mechanism of 
injury with the pubic bone as pivot point. In this 
concept lower abdominal structures (pyramidalis 
muscle and medial slender tendon/aponeurosis of 
the rectus abdominis) are inserted to adductor lon-
gus/anterior pubic ligament and gracilis, respec-
tively (Schilders et  al. 2017) (Fig.  18a, b). A 
similar pivot shift mechanism may contribute to 
the development of chronic overuse-related groin 
pain.

3.2.5  Groin Pain in Athletes
The Doha agreement in 2015 on terminology and 
definitions in groin pain in athletes tries to unravel 
the confusion in this complicated area (Weir et al. 
2015). In this meeting clinical entities for groin 
pain were defined. These major four clinical enti-
ties are adductor-related (adductor tenderness 
and pain on resisted adduction testing), iliopsoas- 
related (pain on resisted hip flexion AND/OR 
stretching of the hip flexors), inguinal-related 
(inguinal canal region pain without palpable 
inguinal hernia, aggravated with resistance test-
ing of the abdominal muscles OR Valsalva) and 
pubic-related groin pain (symphysis and adjacent 
bone pain WITHOUT pain with resistance test-
ing). The fifth entity is hip-related groin pain. 
Other musculoskeletal causes of groin pain have 
to be evaluated: inguinal or femoral hernia and 

a b

c

Fig. 15 (a–c) Left rectus abdominis elongation injury in 
a 21-year-old right-handed female tennis player. (a) Axial 
US image. (b) Longitudinal US image. (c) Transverse 
extended field of view. US examination 1 week after the 
injury demonstrating an area of fibre disruption with small 

fluid collection (a and b, arrows) at the MTJ of infraum-
bilical fibrous intersection (b, transparent arrows). Length 
10  mm and a SCA of 20% (c). Grading BAC 2b (see 
Table 3 in Gielen et al. 2021)
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posthernioplasty pain, nerve entrapment, referred 
pain and apophyseal abnormalities of the SIAS 
(Fig.  19) and SIAI and pubis apophysis. 
Miscellaneous conditions are not to be missed 
(stress fracture, adenopathy, intra-abdominal and 
gynaecological pathology, tumours).

The Doha agreement also avoided several 
terms related to the lack of specificity, inappro-
priate or incorrect term and large degree of varia-
tion of use. These terms are adductor and 
iliopsoas tendinitis or tendinopathy, athletic pub-
algia, osteitis pubis, sports groin, sports(man’s) 
groin or hernia.

The Doha agreement agreed on the lack of 
high-quality reviews related to varying defini-
tions and categories and the lack of prospective 
controlled studies resulting in low level of evi-
dence on epidemiology, risk factors, accuracy of 
clinical tests, imaging and treatments in groin 
pain in athletes.

3.2.6  Imaging of Groin Pain
Major imaging findings are discussed in Prasad 
et al. (2021). Dynamic examination at the ingui-

nal region for evaluation of the inguinal and fem-
oral canal is done with ultrasound.

In athletes with continued groin pain, despite 
adequate rest and no obvious hernia, herniogra-
phy was of great value. Smedberg et  al. (1990) 
have shown that herniography is accurate in dis-
closing nonpalpable hernias (Figs.  20 and 21). 
Herniography is performed by injecting contrast 
medium under fluoroscopic control into the peri-
toneal cavity under local anaesthesia (Smedberg 
et  al. 1985). Few complications have been 
reported with herniography (Ekberg 1983). 
Incarcerated or irreducible hernias may give 
false-negative results because the contrast will be 
unable to leak through the defect.

Ultrasound is currently the most valuable non- 
invasive technique to study the inguinal and femoral 
canal and its contents. It is performed dynamically 
during rest and Valsalva testing as well as in decubi-
tus dorsalis and prone position. If the ultrasonogra-
pher is familiar with the specific anatomy of this 
region, a good discrimination between femoral and 
inguinal hernia is possible. Also, direct and non-
direct inguinal hernias are discriminated.

a

b

c

Fig. 16 (a–c) Self-limiting left rectus abdominis haema-
toma above the arcuate line. (a) Longitudinal extended 
field of view. (b) Transverse extended field of view. (c) 

Transverse view. Hyporeflective area at the deep half of 
the muscle belly with maximal dimension 6 cm
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a b

c d

e f

Fig. 17 (a–f) Acute groin disruption. Acute groin disrup-
tion in a 49-year-old male alpine skier after resisted 
hyper-abduction extension of the right hip and extension 
of the abdomen. Acute pain and swelling at the right 
groin. (a) Axial TSE T2-weighted MR image, cranial and 
caudal parts of pubis, respectively. (b) Sagittal TSE 
T2-weighted fat-suppressed MR image (intermediary 
TE), parasagittal lateral and medial through the right 
pubic bone, respectively. (c) Coronal TSE T2-weighted 

fat-suppressed MR image (intermediary TE), anterior and 
midsection through the pubic bone, respectively. High SI 
haematoma (a–c, arrowheads) at the right adductor lon-
gus, gracilis and rectus abdominis muscle separating the 
pubic bone and the muscles, surrounded by oedema. 
Avulsed bone fragment continuously with the adductor 
longus tendon (hypointense area in b, right). Note oedema 
at the pectineus origin (b, left small arrow), the inguinal 
canal (b, left arrow) and the pyramidalis muscle (b, right 

(continued)
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In concordance with the findings of Orchard 
et al. (1998), obliquus internus aponeurosis insuf-
ficiency (sports hernia) refers on ultrasound to a 
condition of bulging at the site of the external 
inguinal ring through sprain of the posterior 

inguinal wall at this level. Most often this bulging 
is only present during Valsalva test and is sponta-
neously reduced at rest. A flank hernia with rec-
ognition of a hernial sac is usually not found in 
sports hernia (Figs. 21 and 22a–d).

arrow superficial) that is continuous in front of the pubis 
with the adductor longus. Dehiscence of the pyramidalis/
rectus abdominis, adductor tendon complex and anterior 
pubic ligament from the pubic bone is obvious through 
widening of the distance between the tendon and the bone 
with interposition of high SI haematoma and oedema (b, 
right double- sided arrow). Continuity of the pyramidalis 
and adductor longus in front of the pubic bone at the level 
of the dehiscence (b, right large arrows). (d) Oblique axial 
ultrasound view along the axis of the ligamentum ingui-
nale up to the anterior pubic ligament and pubic bone. (e) 

Sagittal ultrasound view at the level of the m. rectus 
abdominis/pyramidalis up to the pubic bone. (f) Axial 
ultrasound view at the level of the pubic bone at the 
adductor origin. Dehiscence of the ligamentum inguinale 
(d, arrowheads), adductor complex from the pubic bone 
(d–f, small arrows) with small avulsion fracture fragment 
(f, large arrow). Dehiscence distance (d–f, double-sided 
arrow). Thickening of the m. rectus abdominis with non-
homogeneous reflectivity and disruption of its layered 
architecture at the distal musculotendinous junction 
(region within dotted crossing lines)

a b

Fig. 18 (a, b) Diagram of the PLAC concept (Schilders 
et  al. 2017). (a) Parasagittal lateral plane. (b) Parasagittal 
medial plane. Blue arrow (a, b): pubic crest. Blue: pubis. 
Rectus abdominis (RA), insertion of the lateral tendon (a) on 
the pubic crest. Rectus abdominis (RA) medial slender ten-

don/aponeurosis (b) running in front of the pubis distal to the 
pubic crest and connecting to the gracilis muscle (not drawn). 
Pyramidalis muscle (P) anterior to the rectus abdominis, 
inserted on the anterior pubic ligament (L). Anterior pubic 
ligament fused with adductor longus tendon (AL)
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3.3  Traumatic Abdominal Wall 
Injury and Hernia in Children

Handlebar injuries are a significant cause of both 
blunt abdominal trauma and lacerations to the 
contact area. The infrequent finding of external 
bruising in the presence of major organ damage 
suggests that, although the velocity at impact 
may be relatively low, the small cross-sectional 
area of the end of the handlebar is a major factor 
contributing to organ damage. The high propor-
tion of lacerations observed in this type of trauma 
result from the sharp metallic end of the handle-
bar cutting through the soft rubber handle 
(Clarnette and Beasley 1997). Erez et al. (2001) 

reported on children who presented with abdomi-
nal injuries caused by bicycle handlebars. In 12 
of the 76 children, there was an imprint of the 
handlebar edge on the hypochondria. The most 
common injuries were isolated ruptures of spleen 
or liver, traumatic pancreatitis or transection of 
the pancreas, renal contusions, duodenal haema-
toma and bowel perforation. Mesenteric haema-
toma is relatively uncommon (Chao and Kong 
1999). In addition, there may be urethral injuries 
and lacerations involving the abdominal wall and 
inguino-scrotal region. CT is most helpful in 
evaluating children who have sustained blunt 
abdominal trauma and is usually regarded as the 
method of choice for diagnosing mesenteric and 

a

b

Fig. 19 (a, b) Sixteen-year-old male with acute apophy-
seal avulsion fracture of the right spina iliaca anterior 
superior (SIAS). (a) Radiograph (AP (right) and rotated 

(left)). (b) Ultrasound right and left side compared. Note 
displaced SIAS apophysis (a, b arrows)
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abdominal wall lesions (Strouse et  al. 1999; 
Mitchiner 1990).

Handlebar hernia is a rare, traumatic, abdomi-
nal wall hernia caused by high-velocity direct 
trauma. There are only 21 reported cases of han-
dlebar hernias (Goliath et  al. 2004). It involves 
disruption of the abdominal wall muscles, with 

bowel loop herniated through the defect in the 
abdominal wall, and may have major or even 
lethal complications. All layers of the abdominal 
wall may be disrupted by a fall when bicycling, 
although skin and intra-abdominal organs may be 
completely intact. Computed tomography dem-
onstrates subcutaneous intestinal loops protrud-
ing through the rent (Chen et al. 2005; Holmes 
et al. 2002; Perez et al. 1998; Linuma et al. 2005).

3.4  Addendum: Endofibrosis 
of the Iliac Arteries

Arterial endofibrosis is an arterial disease discov-
ered in the 1980s that is specific to endurance ath-
letes. The location at the external iliac artery is 
most frequent and found in cyclists. The location 
at the popliteal artery is rarely documented in 

a b

c

Fig. 20 (a–c) Inguinal hernia, herniography. Inguinal 
hernia in a 45-year-old male. Radiograph of the abdomen 
after herniography, (a) AP and (b) lateral view in prone 
position. Peritoneal contrast is visualized below the lining 
of the inguinal ligament at the right side without small 
intestine at the hernial sac: non-occupied inguinal hernia. 
Narrowing of the herniation sac at the level of the gate that 

is located at the inguinal canal (arrows). (c) Fifty-three- 
year-old male. Radiograph of the abdomen after herniog-
raphy, AP view in prone position. Peritoneal contrast is 
visualized below the lining of the inguinal ligament at the 
left side with small intestine at the hernial sac: occupied 
inguinal hernia (Courtesy of Salgado R MD. Department 
of Radiology. University of Antwerp, Belgium)

Fig. 21 Obliquus internus aponeurosis insufficiency, her-
niography. Broad-based bulging in prone position at the 
left external inguinal ring (Courtesy of Salgado R 
MD.  Department of Radiology. University of Antwerp, 
Belgium)
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 skiing (Toorop et al. 2004). It is characterized by 
thickening of the intima and/or adventitia, a result 
of smooth muscle hyperplasia with only mild col-
lagen or elastin deposition, and/or hypertrophy of 
the media. There is no inflammation and only 
rarely calcification of the media. Mural thrombus 
is found in less than half of the cases (Kral et al. 
2002). There is intermittent exercise- induced 
claudication with lower limb and thigh pain dur-
ing near-maximal exercise (Feugier and Chevalier 
2004; Chevalier et  al. 1986). A post- exercise 

asymmetric measurement of ankle  systolic pres-
sure is lower at the symptomatic side, and positive 
ankle-to-arm systolic pressure index is highly 
suggestive. Systolic pressure is mostly symmetric 
with normal ankle-to-arm index at rest. 
Angiographic examination (conventional arteri-
ography, CT-arteriography or MR-arteriography) 
demonstrates tapering of the arterial lumen with 
elongation of the artery (Fig. 23) (Hindryckx et al. 
1996). An acute claudication with complete 
obstruction due to thrombus is rare. Greyscale 

a b

c d

Fig. 22 (a–d) Obliquus internus aponeurosis insuffi-
ciency, ultrasound. Obliquus internus insufficiency in a 
20-year-old male soccer player with long-standing pain at 
the right adductor and inguinal region. (a) Oblique axial 
imaging plane at and parallel to the right ligamentum 
inguinale at rest. Pubic bone (arrow). (b) Identical imag-
ing plane as a (c) sagittal imaging plane (left = cranial) at 

the level of the inguinal ligament both during Valsalva 
test. Marked external bulging of the inguinal ligament and 
external oblique aponeurosis with descending bowel dur-
ing Valsalva test. (d) Axial oblique imaging plane at the 
spermatic cord (between crosses) distal to the inguinal 
ligament. Neither direct nor indirect inguinal hernia
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Fig. 23 (a–d) Endofibrosis of the external iliac artery. 
Endofibrosis in a 33-year-old professional cyclist with 
claudication-like pain at the right thigh and calf especially 
during maximum exertion since years. Post-exertion 
hydrostatic pressure is 105  mmHg at the right calf, 
165 mmHg at the left calf and 150 mmHg at the right arm. 
No difference in hydrostatic pressure between both calves 
is present at rest. (a) Subtraction angiography of the iliac 
arteries, two right oblique views. Mild regular narrowing 
of the lumen, tapering, of the right arteria iliaca externa at 
the area between arrows. Twenty percent area reduction of 

the artery is obvious. The low-grade stenosis only produces 
symptoms at maximum exertion. (a Courtesy of 
Vanderstraeten G, Department of Physiotherapy, University 
of Ghent, Belgium). (b and c Reprinted with permission 
from Hindryckx, Von Lanz T and Wachsmuth W). (d) 
Kinking of the artery during extreme flexion of the hip. 
Reduced wall elasticity at the endofibrosis area produces 
kinking with high-grade stenosis during extreme flexion of 
the hip (reprinted with permission from Von Lanz T and 
Wachsmuth W, 1972, Praktische Anatomie, Springer 
Berlin)

a

b
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ultrasound findings include parietal thickening 
and increased echogenicity of the arterial wall 
with straightness of the abnormal segment. There 
is a mild narrowing of the involved arterial diam-
eter (Abraham et al. 1993). Abraham et al. (1997) 
demonstrated normal velocity profiles at rest in 
80% of the Doppler ultrasound examinations. 
Power Doppler appears to be an effective tech-
nique to visualize and scale kinks and intravascu-
lar lesions (Schep et  al. 2001). Conservative 
treatment mainly consists of advice to change 
sports activity. Surgical mobilization of the iliac 
arteries for functional lesions and vascular recon-
structions in case of intravascular lesions are pos-
sible. Percutaneous transluminal angioplasty and 
intravascular stent are contraindicated because of 
high risks for dissection and reactive intimal 
hyperplasia, respectively (Schep et al. 1999).

4  Conclusions

Abdominal and thoracic wall lesions often are 
self-evident. Imaging interest is merely confirma-
tion of diagnosis or grading.

Several diagnoses must be considered in 
patients with groin pain, including musculoskel-
etal and more severe visceral problems (Renstrom 
1992). These other possible diagnoses emphasize 
the importance of a detailed careful history, phys-
ical examination and obtaining the appropriate 
imaging tests.

Things to Remember
 1. Prompt radiological investigation is needed in 

cases of suspicion of abdominal visceral 
trauma, pneumothorax and rectus sheath 
haematoma.

 2. The PLAC-related pivot mechanism at the 
pelvis and pubic bone explains superior 
and inferior located lesions in groin 
disruption.

 3. Obliquus internus insufficiency is probably a 
minor form of (chronic) groin disruption. It 
should be preferentially investigated with 
dynamic ultrasound.

 4. The presence of external bruising in handle-
bar injury is a poor indicator of underlying 
damage.

c

Fig. 23 (continued)
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5  Referral Criteria

5.1  Boxes
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Abstract
It is well accepted that physical activity is 
required for the healthy development of the 
growing child. As the number of children 
involved in regular sporting activity increases 
so does the potential risk for injury. This risk 
of injury is also dependent on the age of the 
child. The growing skeleton is particularly 
vulnerable at the time of puberty as rapid 
growth and the increasingly competitive 
nature of childhood sports, year-round activity 
and inadequate rest result in an increasing 
prevalence of overuse injuries in this 
population.

This chapter focuses on the multimodality 
imaging findings of some of the most common 
overuse injuries in children seen at a variety of 
anatomical sites. The chapter also covers the 
variation of skeletal development that may 
mimic the effects of trauma and also the com-
mon acute bony injures specific to the growing 
skeleton.

1  Introduction

It is well recognised that physical activity, sport-
ing or otherwise, is required for the healthy 
development of the growing child into adulthood. 
While important, the pervasive influence of sport 
can affect all aspects of our culture including 
fashion, lifestyles, and institutional and even 
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national identity (Hyndman 1996). The result can 
be that the growing skeleton, more susceptible to 
trauma than the healthy mature skeleton, is 
exposed to forces well above that which evolu-
tion intended or allowed for. Injury is defined as 
the response in bone and soft tissues to applied 
kinetic energy. The mode of injury can be classi-
fied into three groups. The first occurs as a result 
of a direct blow. This form of injury in the con-
text of sport can be minimised by the use of pro-
tective clothing/equipment. The second occurs as 
a result of an indirect blow or force such as a fall 
onto the wrist leading to an injury to the elbow or 
shoulder. The third group is the chronic repetitive 
injuries otherwise known as overuse injuries. The 
mode of injury may be identical be it applied to a 
child or an adult. How the kinetic energy is dis-
sipated in the tissues and the trauma manifested 
can be very different depending on age. A fall 
onto an outstretched hand (FOOSH) in an adoles-
cent typically causes a Salter-Harris (Fig. 1) type 

2 fracture/separation of the distal radial growth 
plate. In the young adult an identical injury may 
cause a fracture of the scaphoid. However, in the 
older individual, particularly the postmenopausal 
woman, a Colles’ fracture would be the antici-
pated result. This is because the physis (growth 
plate), at the time of the adolescent growth spurt, 
is up to four times weaker than the adjacent 
bones, ligaments and tendons (Harsha 1957). It 
is, therefore, important to stress that the child 
should not be viewed as a mini-adult. Injuries 
sustained in the pursuit of sporting excellence 
depend on the type of sport. There can, therefore, 
be major geographical differences in the inci-
dence of specific injuries. For example, cases of 
Little Leaguer’s shoulder and elbow are well rec-
ognised in adolescent baseball pitchers in North 
America and are uncommon in the rest of the 
world. However, adolescent cricketers, with a 
different bowling action, are susceptible to spon-
dylolysis defects. Cricket is played in the United 

Normal I

III IV V

II

Fig. 1 Diagram showing Salter-Harris classification for 
physeal injuries. I. Fracture plane is through the physis. II. 
Fracture plan is through most of the physis and extends to 
involve the metaphysis. III. Fracture plane is through most 

of the physis and extends through the epiphysis. IV. 
Fracture plane is through the metaphysis, physis and 
epiphysis. V. Compression fracture of the physis
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Kingdom and its former colonies but rarely else-
where. It has also been shown that individuals 
who specialise in a single sport at a young age are 
more likely to sustain an injury in comparison to 
those who do not specialise (Field et al. 2019). In 
addition, the risk of injury depends on the sport 
and the sex of the participant; in males the risk of 
injury doubles if they specialise in baseball or 
gymnastics. In females specialisation in running, 
swimming, soccer or gymnastics is predictive of 
a higher risk of injury (Field et al. 2019).

A number of overuse injuries, if unrecognised, 
may simulate a tumour. These conditions are the 
subject matter of Lunkiewicz et al. (2021). This 
chapter concentrates predominantly on overuse 
injuries as seen at different anatomical sites in the 
paediatric skeleton. We also give a brief mention 
of important acute bony injuries specific to the 
paediatric skeleton and variations of skeletal 
development that may mimic the effects of trauma.

2  Normal Variants Simulating 
Traumatic Lesions

Normal skeletal development tends to follow a 
well-ordered pattern. Within this pattern there are 
numerous minor variations that fall within the 
spectrum of normal. The extent of these varia-
tions is no better illustrated than in Keats’ author-
itative atlas (Keats and Anderson 2012). 
All-too-often growth plates and accessory ossifi-
cation centres may be misinterpreted as fractures. 
The prudent radiologist will have not only an 
appropriate atlas to hand when reporting radio-
graphs but also knowledge of the approximate 
age and normal sequence of appearance of the 
epiphyses. This is particularly important in the 
elbow with no less than six separate ossification 
centres appearing between a few months and 
10–13 years of age (Fig. 2). A problematic exam-
ple is the acute avulsion of the medial epicondyle 

Olecranon
M 10
F8

Radial Head

Trochlea
M 9
F 8

Capitellum
M/F 1Y

Radial
Head
M 5
F 4

Lateral
Epicondyle
M 12
F 11

Internal
Epicondyle
M 7
F 5

Fig. 2 Diagram showing the elbow ossification centres and when they should be visible in males (M) and females (F)
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that can become trapped between the trochlea 
and the ulna. The trochlea ossification centre 
tends to appear after the medial epicondyle. 
Therefore, if the “trochlea” is visible in the 
absence of a medial epicondyle this type of injury 
has to be seriously considered (Fig. 3). In the past 
some have advocated obtaining comparison 
views of the contralateral joint to help confirm/
exclude injury. While this has some merit the 
practice should not be encouraged as it necessi-
tates irradiating an entirely normal structure.

The distinction between a normal variant and 
a developmental abnormality, be it trauma 

related or not, may in some instances be blurred. 
The avulsive cortical irregularity of the postero-
medial distal femur, otherwise known as a peri-
osteal desmoid or Bufkin lesion, is frequently 
attributed to mechanical stresses applied to the 
insertion of the adductor magnus or the origin of 
the medial head of the gastrocnemius muscle 
(Bufkin 1971; Barnes and Gwinn 1974; Resnick 
and Greenway 1982). Bone scintigraphy tends 
to show normal skeletal activity that is some-
what atypical for a trauma-related abnormality 
of bone (Dunham et  al. 1980; Burrows et  al. 
1982; Craigen et al. 1994); however the typical 

a b

Fig. 3 (a, b) AP radiographs of the elbow in two 5-year- 
old children. (a) Normal appearances with visible medial 
epicondyle and absent trochlea. (b) Acute avulsion and 

displacement of the medial epicondyle simulating the 
trochlea ossification centre
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site of a cortical desmoid is often masked by the 
physeal activity. MRI and CT are the most sensi-
tive imaging modalities in detecting cortical 
desmoids due to their excellent cross-sectional 
detail (Fig. 4). On MRI the lesion is of low sig-
nal intensity on the T1 sequence and on the T2 

sequences it is of intermediate to high signal 
with surrounding low signal due to the sclerosis 
(Yamazaki et al. 1995). These lesions can often 
be bilateral (Kontogeorgakos et  al. 2009). 
Parosteal osteosarcoma, infection and stress 
fractures are in the differential diagnosis but 

a b

c d

Fig. 4 (a–d) Periosteal desmoid. (a) Lateral radiograph 
of an adolescent male showing irregularity of the cortex of 
the posteromedial aspect of the distal femoral metaphysis 
(white arrow). (b) Axial CT showing posteromedial corti-

cal irregularity (white arrows). (c) Sagittal T1-weighted 
and (d) and T2* images show this lesion to be of high 
signal on T2 weighting and low signal on T1 weighting 
but no tumour mass is seen (white arrows)
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these can be effectively excluded with cross-
sectional imaging due to a lack of tumour mass. 
Whatever the precise aetiology the important 
thing to note is that the process is self-limiting 
and of no immediate clinical consequence. A 
heterogeneous group of conditions known as the 

osteochondroses also fall into this category of 
self limiting. These include osteochondritis of 
the calcaneal apophysis (Sever’s disease) 
(Lokiec and Weintroub 1998) (Fig. 5), the tarsal 
navicular (Kohler’s disease) (Borges et al. 1995; 
Posadzy et al. 2018) (Fig. 6) and the ischiopubic 
synchondrosis (van Neck disease) (Brower 
1983) (Fig. 7). These conditions need to be dis-
tinguished from the other articular osteochon-
droses (e.g., Freiberg’s infraction and Kienbock’s 
disease) and the nonarticular osteochondroses 
(e.g., Osgood-Schlatter disease and Sinding-
Larsen- Johansson disease) (Fig.  8) in which 
trauma is considered a significant contributory 
factor. Occasionally osteomyelitis, particularly 
subacute, may present in the child with little or 
no abnormality detected on routine blood tests 
such that it may be mistaken for an overuse 
injury.

3  Upper Limb

3.1  Shoulder

The classic overuse injury seen in the paediatric 
age group is the Little Leaguer’s shoulder first 
described over 50 years ago (Dotter 1953). It has 
been variously referred to in the literature as 
proximal humeral epiphysiolysis (Barnett 1985), 
osteochondrosis of the proximal humeral epiphy-
sis (Adams 1966; Tullos and King 1972), stress 
fracture of the proximal humeral epiphyseal plate 
(Ireland and Andrews 1988) and rotational stress 
fracture of the proximal humeral epiphyseal plate 
(Cahill et  al. 1974; Tullos and Fain 1974). It is 
thought to be an overuse injury due to repetitive 
rotational stress applied to the proximal humeral 
growth plate (physis) (Carson Jr. and Gasser 
1998) and is best considered as a form of Salter- 
Harris type 1 stress fracture through the growth 
plate (Fleming et al. 2004). Baseball pitchers are 
the most commonly affected athletes with an 
average age of 14 years with a range from 13 to 
16 years old (Carson Jr. and Gasser 1998). Cases 
have also been reported in an adolescent badmin-

a

b

Fig. 5 Sever’s disease. (a) Lateral radiograph in an 
8-year-old male footballer showing sclerosis and frag-
mentation of the calcaneal apophysis; however this is an 
unreliable sign. (b) Axial STIR MRI showing oedema of 
the calcaneal apophysis (large white arrow)
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ton player (Boyd and Batt 1997) and a gymnast 
(Daldorg and Bryan 1994). Typically, patients 
present with shoulder pain aggravated by throw-
ing and tenderness over the lateral aspect of the 
shoulder. Radiographic changes include widen-

ing of the proximal humeral growth plate with 
irregularity and sclerosis of the metaphyseal mar-
gin and fragmentation/cystic change laterally 
(Adams 1966; Barnett 1985; Fleming et  al. 
2004). The MR imaging findings in Little 

a b

Fig. 6 (a, b) Kohler’s disease. (a) AP radiograph of the 
foot in a 7-year-old male showing an irregular, small and 
sclerotic navicular. (b) Axial T1-weighted MRI shows 

sclerosis and loss of the normal fatty bone marrow (white 
arrow) (courtesy F. Vanhoenacker, used with permission 
from Posadzy et al. 2018)

a b

Fig. 7 (a, b) Van Neck disease. (a) AP radiograph of the 
pelvis in a 6-year-old female with left groin pain showing 
prominence of the left ischiopubic synchondrosis (white 

arrow) (there are mild changes on the contralateral side). 
(b) Coronal STIR MRI shows marked osseous and perios-
teal oedema around the ischiopubic synchondrosis
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Leaguer’s shoulder demonstrate asymmetric 
physeal widening and periphyseal oedema 
(Fig.  9). Partial-thickness rotator cuff tears and 
labral tears have also been described (Pennock 
et al. 2018). Asymptomatic little league baseball 
players showed similar MRI changes in the dom-
inant throwing arm and these changes were asso-
ciated with single-sport year-round activity and 
early single-sport specialisation (Pennock et  al. 
2018).

Acute avulsion injuries that may occur around 
the shoulder girdle include the following: avul-

sion of the coracoid apophysis due to pull of the 
coracoclavicular ligament usually in association 
with acromioclavicular separation (Benton and 
Nelson 1971); avulsion of the acromial apophy-
sis due to pull of the deltoid muscle (Rask and 
Steinberg 1978); and avulsion of the infraglenoid 
tubercle at the site of origin of the long head of 
triceps muscle (Heyes-Moore and Stoker 1982). 
Avulsions of the greater and lesser tuberosities 
are uncommon in children. Isolated avulsion of 
the lesser tuberosity has been reported in children 
participating in American football, hockey, vol-
leyball, wrestling, skateboarding and baseball 
(Klasson et al. 1993; Paschal et al. 1995; Ogawa 
and Takahashi 1997; Sugalski et  al. 2004). 
Rotator cuff tears, in the absence of avulsions, are 
rare in children (Battaglia et al. 2003) and may 
involve the subscapularis tendon more commonly 
than seen in the over-40-years age group (Tarkin 
et al. 2005).

In adults, lateral impact of the shoulder com-
monly leads to an acromioclavicular separation. 
In the skeletally immature child this can lead to a 
type 1 Salter-Harris fracture of the lateral clavicle 
which is called a clavicular periosteal sleeve frac-
ture. On radiographs it may appear as if there is 
an AC joint dislocation but the unfused lateral 
epiphysis still maintains its normal position rela-
tive to the AC joint with the metaphysis of the 
clavicle displaced superiorly through a tear in the 
periosteal sleeve. This can give the pseudo 
 subluxation sign of plain radiographs. MRI will 

Fig. 8 Traumatic osteochondritis (Sinding-Larsen- 
Johansson disease). Lateral radiograph of the knee in an 
adolescent male showing fragmentation of the lower pole 
of the patella

a b

Fig. 9 (a, b) Little Leaguer’s shoulder. (a) Coronal 
oblique T1-weighted and (b) fat-suppressed T2-weighted 
MR images showing widening of the growth plate with 

surrounding oedema indicating a stress injury (repro-
duced from Song et al. 2006 with permission)
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show non-displacement of the lateral clavicle 
epiphysis and displacement of the medial frag-
ment through a tear in the periosteal sleeve and 
allows evaluation of the acromioclavicular and 
coracoclavicular ligaments (Delgado et al. 2016).

Fatigue-type stress fractures of the humeral 
diaphysis usually occur secondary to athletic 
throwing injuries due to repeated muscular torque 
(Allen 1984) and have been termed “ball- 
thrower’s fractures” (Callaghan et al. 2004). They 
have even been described with the throwing of 
hand grenades but mercifully this is not a child-
hood activity (Chao et  al. 1971; Kaplan et  al. 
1998). One of the authors (AMD) has seen a sim-
ilar injury in an elite adolescent tennis player due 
to excessive serving practice (Fig.  10). Keats 
coined the term tug lesion to describe new bone 
formation at muscle insertions suggesting that 
they are due to muscular forces. These may be 

seen in the humerus at the insertion of the deltoid 
and latissimus dorsi muscles but are of no clinical 
significance (Keats 1990).

3.2  Elbow

The elbow is the focus of loading in many sports 
and is particularly susceptible to both acute and 
chronic injuries prior to skeletal fusion. 
Arguably, it is also the site of the greatest spec-
trum of skeletal development which can make 
distinction of normal variants from problematic 
pathology (Fig. 3) (Silberstein et al. 1979, 1981, 
1982a, b; McCarthy and Ogden 1982). Imaging 
should always start with the conventional radio-
graph (Sofka and Potter 2002). However, 
because of the incidence of transphyseal frac-
tures and avulsion injuries both ultrasound and 
MR imaging can be useful in assessing elbow 
injuries in the child (Beltran and Rosenberg 
1997; Fritz 1999; Markowitz et  al. 1992; May 
et  al. 2000). Several sports cause a high inci-
dence of elbow injuries including baseball, jav-
elin, handball and gymnastics (Gregory and 
Nyland 2013). The baseball pitch is one of the 
most common causes of  overuse elbow injuries. 
The baseball throwing action produces extreme 
valgus and extension forces in the elbow espe-
cially in the late cocking and the acceleration 
phases of the throwing action. This results in 
distraction injuries to the medial compartment 
and compression injuries to the lateral compart-
ment of the elbow. This characteristic spectrum 
of injuries that occur are known as “Little 
Leaguer’s elbow” (Adams 1965; Pappas 1982) 
(Fig. 11). Similar overuse injuries may be seen 
in those practising racquet sports (Gore et  al. 
1980; Priest et  al. 1974) as well as gymnasts 
(Goldberg 1980). The type of injury also 
depends on the skeletal maturity of the individ-
ual (Oshlag and Ray 2016). In the younger skel-
etally immature child, the physis is the weakest 
link in the medial compartment. In the older 
adolescent throwing athlete, the weakest part is 
the ulnar collateral ligament complex and the 
common flexor origin. Therefore, medial com-
partment injuries in the skeletally immature ath-

Fig. 10 Stress fracture in a 12-year-old elite male tennis 
player with 3-month aching in the dominant upper arm. 
He sustained a fracture of the humerus while practising 
serving. The presence of minor periosteal reaction preced-
ing the injury indicates the presence of a stress fracture
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lete usually involves the medial epicondylar 
physis. Chronic repetitive medial injury results 
in traction apophysitis of the medial epicondyle. 
Radiographic changes comprise fragmentation 
of the medial epicondyle which often has a 
ragged appearance and can demonstrate sclero-
sis, coarsened trabeculation and widening of the 
physis (Hang et  al. 2004). MRI demonstrates 
widening of the physis with associated periphy-
seal oedema. On T1-weighted sequences there 
may be loss of the normal fatty marrow of the 
medial epicondylar apophysis. With repeated 
sporting activity this can progress to complete 
dislocation of the apophysis. Chronic overuse 
delays epiphyseal closure and the medial epi-
condyle may remain unfused throughout life 
(Pappas 1982). In the older adolescent athlete, 
the injury pattern shifts to involve the ulnar col-
lateral ligament (UCL) and the common flexor 
origin; however, it is not uncommon to see a 
mixed pattern of injury. UCL injuries range 
from mild sprains to partial tears and eventually 
to complete tears. On MRI mild sprains show 
periligamentous oedema with a grossly intact 
UCL. Higher grade partial tears show oedema in 
the ligament with partial disruption of the fibres. 
There may be bony oedema in the sublime 
tubercle. Distal partial-thickness tears when 
present can be identified if there is fluid in the 
joint or at MRI arthrography by demonstrating 

fluid between the distal UCL attachment and the 
sublime tubercle—the “T” sign. Full-thickness 
tears show ligament discontinuity. They usually 
involve the mid portion of the ligament but it is 
not uncommon to see proximal or distal UCL 
avulsions (Conway et  al. 1992; Carrino et  al. 
2001). MRI can show fluid or contrast extrava-
sation through the torn ligament.

Lateral compression causes forced impaction 
of the radial head into the capitellum. In full 
elbow extension, the forces act on the anterior 
aspect of the radial head causing anterior depres-
sion (Ellman 1975). If the excess shear forces 
continue a chronic Salter-Harris type 4 stress 
fracture may extend to involve the proximal 
radial metaphysis (Fig. 12) (Chan et al. 1991). In 
the immature athlete (6–12 years) osteochondro-
sis of the capitellum (Panner’s disease) may 
occur. Panner’s disease is a self-limiting condi-
tion presumed to be due to chronic disruption of 
the blood supply to the capitellum ossification 
centre. X-ray shows fragmentation of the capi-
tellar ossification centre with thickening of the 
trabeculae. A subchondral radiolucent crescent 
may be seen as well (Anisau et  al. 2018). On 
MRI, the capitellar ossification centre is low on 
T1 weighting and there is increased signal on 
fluid- sensitive sequences (Fig. 13), the degree of 
which is dependent on the stage of the disease 
(Dwek 2013).

a b

Fig. 11 (a, b) Little Leaguer’s elbow in a 16-year-old 
baseball player. (a) Coronal T1-weighted and (b) coronal 
T2-weighted fat-suppressed MR images showing a partial 

tear in a chronically thickened medial collateral ligament 
with early degenerative joint disease
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In the slightly older athlete, medial compres-
sive forces can result in subchondral fractures 
which may progress to capitellar osteochondral 
lesions with or without loose body formation 
(Fig. 14). This is recognised in gymnasts (Priest 
and Weise 1981; Singer and Roy 1984; Jackson 
et al. 1989; Chan et al. 1991) as well as in sports 
involving repetitive throwing (Pappas 1982) and 
use of a racquet (Gore et al. 1980) and in BMX 
bicycle riding where up to 40% of the weight of 
the rider is borne by the arms (Fixsen and Maffulli 
1989). MR imaging can be helpful in distinguish-
ing stable from unstable lesions and the state of 

the overlying cartilage. Unstable lesions are sur-
rounded by a rim of high signal intensity on 
T2-weighted images (Kijowski and De Smet 
2005). Other MRI features of instability include a 
second low-signal rim around the rim of fluid, 
multiple breaks in the subchondral bone plate 
and large cysts (Chauvin and Gustas-French 
2019).

Explosive extension of the elbow by the tri-
ceps muscle exerts both traction and shearing 
forces on the olecranon. Acute avulsions of the 
olecranon apophysis are well recognised. In 
skeletally immature athletes, chronic traction 

a b

Fig. 12 (a, b) Salter-Harris type 4 stress fracture of the 
radial metaphysis. Over-rotated AP radiographs of the 
elbow in a child gymnast showing (a) a lateral epiphyseal 

cleft with a prominent underlying metaphyseal defect; (b) 
2 years later the radial head is dysplastic with disordered 
ossification laterally
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can cause olecranon apophysitis (a Salter-Harris 
type 1 stress fracture) resulting in widening and 
irregularity of the physis (Fig. 15) and increased 
signal on either side of the physis on the 
MRI. This has been reported in gymnasts, base-
ball pitchers, divers and hockey players (Torg 
and Moyer 1977; Hunter and O’Connor 1980; 

Danielsson et  al. 1983; Wilkerson and Johns 
1990; Chan et  al. 1991). This can lead to an 
unfused olecranon apophysis. In the older skel-
etally mature adolescent overuse can lead to 
stress fractures of the olecranon and triceps 
muscle pathology including tendinopathy or tri-
ceps tears.

a b

c

Fig. 13 (a–c) Panner’s disease. (a) Radiograph in an 
8-year-old male patient showing sclerosis and fragmenta-
tion of the humeral capitellum. Note the presence of a 
subchondral radiolucent crescent. (b) Coronal 

T1-weighted and c coronal FS T2-MRI show diffuse low 
signal on the T1 and high signal on the STIR sequence 
with intact overlying articular cartilage (courtesy 
F. Vanhoenacker)
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3.3  Wrist and Hand

Acute injuries of the distal forearm bones in the 
young child are typically of the torus or green-
stick varieties. They occur at the junction 
between the dense diaphyseal lamellar bone and 
the softer metaphyseal bone. This type of injury 
is seen commonest in soccer players (Pannu and 
Herman 2015). In adolescence the Salter-Harris 
type 2 fracture-separation of the distal radial 
growth plate predominates. In the adolescent 
gymnast chronic wrist pain is a frequent com-
plaint and can be associated with repetitive 
trauma to the wrist in extension, and is a Salter-
Harris type 1 stress fracture of the distal radial 
growth plate. The radiographic findings are wid-
ening and irregularity of the growth plate with 
normal appearances of the distal ulnar growth 
plate (Fig.  16) (Read 1981; Roy et  al. 1985; 
Fliegel 1986; Carter et  al. 1988). MR imaging 
will show similar appearances and can also 

a b

Fig. 14 (a, b) Capitellar osteochondral lesion in a 
14-year-old male. (a) Coronal T1 and (b) sagittal STIR 
sequence showing a curvilinear lesion (white arrows) with 
surrounding oedema and irregularity of the overlying car-

tilage in keeping with an osteochondral lesion. There is a 
thin rim of fluid undermining the base of the lesion sug-
gesting that it may be unstable

Fig. 15 Chronic Salter-Harris type 1 stress fracture in a 
female adolescent gymnast. Lateral radiograph of the 
elbow showing widening and irregularity of the olecranon 
growth plate
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demonstrate increased T2 signal in the physis 
which if untreated can lead to premature closure 
(Delgado et al. 2016; Liebling et al. 1995). The 
condition may be subclinical (Auberge et  al. 
1984) and is often self-limiting (Carter et  al. 
1988). The use of semi-quantitative Dixon MRI 
to measure the water signal fraction around the 
physis has been studied in both symptomatic 
and asymptomatic gymnasts and has showed 
significantly higher water content in the symp-
tomatic group and this could be used as an indi-
cator of early physeal injury (Kox et al. 2020). 
There is some controversy as to whether this 
form of injury if long- standing results in rela-
tively positive ulnar variance in adulthood (De 
Smet et  al. 1994; DiFiori et  al. 2002). Carpal 
injuries are fairly uncommon preskeletal fusion. 
Stress fractures may rarely affect the scaphoid 
(Matzkin and Singer 2000). Acute fractures and 
dislocations are relatively common in the hand 
at all ages.

Finger injures can be commonly seen in rock 
climbing. This activity puts significant strain of 
the epiphyses and especially the flexor pulleys. 
This can lead to a Salter-Harris type 2 and 3 frac-

tures of the middle phalanx of the third/fourth 
digit and pulley injures (Delgado et al. 2016).

4  Spine

Adolescent idiopathic scoliosis is one of the 
commonest childhood deformities more frequent 
in girls than boys. The overall prevalence is less 
than 3% but a much higher incidence of up to 
25% has been reported in athletes, particularly 
ballet dancers (Warren et al. 1986). Increased fre-
quency of scoliosis has also been reported in 
many other athletes including swimmers (Becker 
1986), javelin throwers (Gussbacher and Rompe 
1983), and tennis and volleyball players 
(Hellstrom et  al. 1990; Omey et  al. 2000). It is 
thought that the scoliosis is due to excessive lat-
eral torque forces developed in certain activities 
such as serving and throwing (Omey et al. 2000).

The ring apophysis of the vertebral body is 
susceptible to axial compressive loading in the 
adolescent in sports such as gymnastics and water 
ski jumping (Horne et  al. 1987; Sward et  al. 
1990). Injuries to the apophysis most often occur 
anteriorly but can arise posteriorly (Gundry and 
Fritts 1999). If multiple levels are involved then 
Scheuermann-like changes are seen with 
Schmorl’s nodes, vertebral endplate irregulari-
ties, disc space narrowing, minor anterior body 
wedging and disc dehydration on T2-weighted 
MR images (Sward et al. 1991) (Fig. 17).

Spondylolysis, considered to be a stress frac-
ture through the pars interarticularis, is a rela-
tively common cause of low back pain in 
adolescent athletes and dancers (Micheli 1979, 
1983, 1985; Soler and Calderon 2000; Rassi et al. 
2005). There is a progression from a pre-fracture 
stress reaction through the pars interarticularis, to 
a fracture that may be unilateral or more fre-
quently bilateral (spondylolysis), to vertebral dis-
placement (spondylolisthesis) (Jackson et  al. 
1981). Repetitive load-bearing flexion and exten-
sion are considered the major risk factors predis-
posing to the development of spondylolysis 
(Letts et al. 1986). It may be seen in almost any 

Fig. 16 Chronic Salter-Harris type 1 stress fracture in an 
adolescent male gymnast. PA radiograph of the wrist 
showing widening and irregularity of the distal radial 
growth plate
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sport associated with high levels of mobility and 
loading. The incidence in gymnasts can be as 
high as 32% and divers 63% (Omey et al. 2000). 
A lateral radiograph of the lumbar spine will 
demonstrate the fracture if it is relatively well 
established and show any slip (Fig.  18). In the 
past oblique radiographs were used to reveal 
more subtle fractures. A standard bone scan will 
identify most cases but single-photon emission 
computed tomography/computed tomography 
(SPECT/CT) is more sensitive to subtle fractures 
and pre-fracture stress reactions (Zukotynski 

et  al. 2010) and can assess healing (Fig.  19). 
Multislice CT with parasagittal reconstructions 
will allow direct visualisation of the fracture and 
can be helpful in assessing healing. MR imaging 
can be useful in the detection of acute and pre- 
fracture stress reactions owing to its ability to 
detect focal reactive bone marrow oedema on 
fluid-sensitive sequences (Ulmer et  al. 1995; 
Gundry and Fritts 1999) (Fig. 20). Rarely, apoph-
ysitis of the spinous processes in gymnasts may 
clinically mimic spondylolysis (Mannor and 
Lindenfield 2000). Localisation of this particular 

a b
Fig. 17 (a, b) 
Adolescent gymnast 
with multiple-level 
juvenile vertebral 
osteochondrosis due to 
chronic axial 
compressive loading. (a) 
Sagittal T1- and (b) 
sagittal T2-weighted 
MRI showing Schmorl’s 
node formation, 
vertebral endplate 
irregularities, disc space 
narrowing, anterior body 
wedging and disc 
dehydration
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condition of abnormality can be readily made 
with sagittal SPECT/CT images.

Fatigue-type stress fractures of the sacrum are 
uncommon and tend to affect running athletes 
such as cross-country and marathon runners 
(Johnson et  al. 2001). The fractures are more 
common in female athletes but have also been 
reported in males (Featherstone 1999; Shah and 
Stewart 2002). These fractures are notoriously 
difficult to detect on radiographs and some other 
form of imaging be it CT, MR imaging or bone 
scintigraphy is usually required (Fig.  21). In 
female athletes the identification of a sacral stress 
fracture should prompt inquiry into the dietary 
habits of the individual as a concurrent eating 
disorder might indicate that this was in fact an 
insufficiency-type stress fracture (Bono 2004).

Acute intervertebral disc herniations, while 
uncommon, are occasionally seen in young ath-
letes with an incidence of 0.8–3.2% (Dang et al. 
2015; Lagerbäck et  al. 2015; Strömqvist et  al. 
2016; Wang et al. 2016). The L4/5 and L5/S1 lev-
els are the commonest affected. Sports such as 
weightlifting, gymnastics, wrestling and colli-
sion sports have a higher incidence of disc her-
niations (Lagerbäck et al. 2015).

Fig. 18 Spondylolisthesis in a 13-year-old girl. Lateral 
radiograph of the lumbar spine showing bilateral L5 pars 
defects (white arrow) and a grade 2 spondylolisthesis

a

b

Fig. 19 (a, b) Spondylolysis in a 16-year-old male 
cricket player. (a) Presentation of SPECT CT showing 
right L3 pars defect with increased activity in keeping 

with an acute fracture. (b) SPECT CT after 18  months 
shows healed pars with no osteoblastic activity
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a b

Fig. 20 (a, b) Stress reaction in the right L3 pars of a 16-year-old male cricket player. (a) STIR sagittal and (b) STIR 
axial demonstrating stress reaction in the right pars of L3 (white arrow)

a b

Fig. 21 (a, b) Stress fracture of the sacrum in an adoles-
cent female cross-country runner. Radiographs of the 
sacrum were normal. (a) CT showing a linear band of 

sclerosis in the left sacral ala. (b) Axial T2-weighted fat- 
suppressed MR image showing the fracture as a dark line 
with surrounding marrow oedema
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5  Pelvis

The pelvic ring is a strong structure such that 
most acute bony fractures in a sporting context 
are a result of major falls, e.g., horse riding. The 
growth of the bony pelvis is contributed by mul-
tiple apophyses that serve as the origin/inser-
tion of a number of major muscle groups (see 
Table  1). Preskeletal fusion, acute or chronic, 
loading applied by these muscles can cause an 
avulsion injury. In the acute injury a small lin-
ear fragment of the avulsed apophysis can be 
identified in the adjacent soft tissues. If there is 
avulsion of the whole apophysis, with preserva-
tion of the blood supply, then it can continue to 
grow to form a large piece of mature bone 
within the soft tissues. This is well recognised 
with ischial injuries (Fig. 22). In a large series 
of acute pelvic avulsion injuries the mean age 
was 13.8  years and the sites involved were 
ischial apophysis (54%), anterior-inferior iliac 
spine (22%) (Fig. 23) and anterior-superior iliac 
spine (19%) (Fig.  24) (Rossi and Dragoni 
2001). These injuries can be multiple (Sundar 
and Carty 1994). In the chronic injury there can 
be a spectrum of radiographic appearances that 
depend on the severity of the trauma and the 

degree of repair. The changes can vary from 
subtle irregularity of the bone surface through 
to marked irregular new bone formation 
(Vanhoenacker et al. 2005). It is the latter entity 
that can readily be mistaken for a malignant 
tumour of bone (see Lunkiewicz et al. 2021).

Table 1 Avulsion of pelvic apophyses—muscles and 
sporting activities involved

Apophysis Muscle(s) Sport
Iliac crest Abdominal Running

Jumping
Figure skating

Anterior-
superior iliac 
spine

Sartorius/
tensor fascia 
lata

American football
Baseball
Running
Cycling

Anterior-
inferior iliac 
spine

Rectus femoris Soccer
Field hockey
Running

Ischium Hamstrings Gymnastics
Baseball
Figure skating
Ice hockey
Hurdling
American football

Pubis Adductors Running
American football
Soccer

a b

Fig. 22 (a, b) Chronic ischial avulsion in an adolescent 
male athlete. (a) AP radiograph showing irregularity of 
the ischial cortex with overgrowth of the avulsed apophy-

sis in the adjacent soft tissues. (b) CT showing the defor-
mity of the ischium and new bone formation
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6  Lower Limb

Fatigue-type stress fractures of the lower limb 
including the femoral neck, distal femoral diaph-
ysis, proximal tibial diaphysis, distal fibular 
diaphysis and metatarsals (March fracture) are 
well recognised in adolescent athletes, particu-
larly runners. The imaging features and 
 differential diagnosis are covered in Lefere et al. 
(2021) and Lunkiewicz et al. (2021).

6.1  Hip

Developments in MRI imaging and hip arthros-
copy techniques in recent years have improved the 
diagnosis of labral tears in the paediatric athletic 
patient. Labral tears can occur as an acute trau-
matic event or a chronic repetitive injury. In femo-
roacetabular impingement (FAI), the abnormal 
contact of the femoral head-neck junction and the 
acetabulum, this can be due to bony overgrowth at 
the femoral head-neck junction—cam lesion—or 
the overcoverage of the femoral head—pincer 
lesion—or a combination of both—mixed lesion. 
Other bony disorders including acetabular dyspla-
sia, acetabular retroversion, Perthes, slipped upper 
femoral capital epiphysis (SUFE) and coxa valga 
increase the risk of labral injury.

Plain radiography can demonstrate any under-
lying bony disorders (e.g., cam or pincer lesions, 
acetabular retroversion, acetabular dysplasia, 
SUFE, Perthes). MRI/MRA can detect any labral 
pathology and assess the state of the articular car-
tilage. MRA was preferred as it has a higher sen-
sitivity for labral pathology than plain MRI 
(Toomayan et al. 2006); however 3 T MRI is at 
least as good as demonstrating labral pathology 
and better at detecting chondral loss than 1.5 T 
MRA (Chopra et al. 2018) (Fig. 25). Most labral 
tears are located in the antero-superior location; 
however labral tears can be seen in all quadrants 

Fig. 23 Avulsion fracture of the anterior inferior iliac 
spine (AIIS) in a 15-year-old male football player. T2 fat 
saturation axial image showing avulsion of the AIIS and 
rectus femoris origin with surrounding oedema

a

b

Fig. 24 (a, b) Avulsion fracture of the anterior superior 
iliac spine (ASIS) in a 16-year-old male football player. 
(a) AP radiograph showing avulsion of the ASIS with 
hypertrophic new bone formation. (b) T2 fat saturation 
axial image showing avulsion of the anterior superior iliac 
spine at the site of the attachment of the sartorius
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(Blankenbaker et  al. 2007). CT with 3D recon-
structions allows the assessment of the size and 
location of any bony impingement lesion. 
CT-based 3D motion analysis can demonstrate 
the precise motion of a hip joint and can better 
identify any site of osseous impingement and 
where in the range of motion they occur.

6.2  Proximal Femur

Fatigue-type stress fractures of the femoral neck 
are four times more common than elsewhere in 
the femur (Fig. 26) (see Lefere et al. 2021).

Adductor insertion avulsion syndrome, “thigh 
splints”, has been reported occasionally in skele-
tally immature individuals (Anderson et al. 2001; 
Van De Perre et al. 2003). In children the MRI 
appearances can mimic a sarcoma or osteomyeli-
tis and therefore clinical and MRI follow-up is 
advised particularly in those who have increased 
symptoms or altered pain (Tshering-Vogel et al. 
2005) (Fig. 27).

Acute avulsion of the lesser trochanteric 
apophysis, due to pull-off of the iliopsoas tendon, 

is most commonly seen in adolescents (Fig. 28) 
(Theologis et al. 1997). It should be distinguished 
from cases in the middle-aged persons and 
elderly where avulsion of the lesser trochanter is 
typically associated with malignant marrow 
infiltration.

a b

Fig. 25 (a, b) Labral tear and small cam impingement 
lesion in a 16-year-old female dancer. (a) 3T axial oblique 
proton-density fat-saturated images (PDFS) show com-
plex labral tear in the anterior superior acetabular labrum 

(white arrow). (b) 3T coronal PDFS image showing mild 
prominence of the femoral head-neck junction with mild 
fibrocystic change in keeping with a small cam impinge-
ment lesion (white arrow)

Fig. 26 Femoral neck stress fracture in a 16-year-old 
female gymnast. Coronal STIR MRI shows florid intra-
medullary osseous oedema and a low-signal incomplete 
fracture line
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6.3  Knee

The commonest acute avulsion around the knee 
in children and adolescents is at the site of the 
origin of the anterior cruciate ligament from the 
anterior tibial spine (Fig.  29). Avulsion of the 
insertion of the posterior cruciate ligament and 
origin of the medial collateral ligament are much 
less frequent. As stated above (see Sect. 2), the 
avulsive cortical irregularity of the posteromedial 
distal femur, otherwise known as a periosteal 

desmoid or cortical irregularity syndrome, may 
be a normal variant or a self-limiting traumatic 
lesion (Fig. 4). The presence of marrow oedema 
in the adjacent bone on MR imaging should not 
be considered indicative of infection or malig-
nancy (Posch and Puckett 1998).

Stress fractures through the growth plates of 
the distal femur and proximal tibia, analogous to 
the Little Leaguer’s shoulder and gymnast’s 
wrist, are documented but rare (Godshall and 
Hansen 1981; Liebling et al. 1995).

Trauma is considered to be an important factor 
in the development of osteochondral lesions of 
the distal femur as it is more common in athletes 
than in those who do not participate in sports 
(Schenk and Goodnight 1996). It is also much 
more common in males than females and typi-
cally affects the lateral (intercondylar) aspect of 
the medial femoral condyle (Hefti et  al. 1999). 
The abnormality may be unilateral or bilateral 
and on radiographs the osteochondral fragment 
may remain attached to the host bone or form a 
loose body in the joint (Fig. 30). MR imaging has 
superseded other imaging techniques in assessing 
the extent and stability of the lesion (De Smet 

a b

Fig. 27 (a, b) Adductor insertion avulsion “thigh splints”. 
(a) AP radiograph of the proximal/mid femur magnified 
up shows smooth periosteal reaction of the medial femur. 
(b) Axial fluid-sensitive sequence shows periosteal and 
intramedullary oedema at the insertion of the adductor 
longus and brevis. This is on the spectrum of a stress- 

related injury (courtesy of F.  Vanhoenacker, used with 
permission from Van de Perre S, Vanhoenacker F, De 
Schepper AM (2003) Thigh splints in a skeletally imma-
ture boy. Rofo Forschr Geb Rontgenstr Neuen Bildgeb 
Verfahr 175(11):1582–1584)

Fig. 28 Young male with avulsion of the right lesser tro-
chanter imaged 2 weeks after acute injury. AP radiograph 
showing new bone formation around the avulsion simulat-
ing a bone forming tumour
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a b

Fig. 29 (a, b) Adolescent male football player showing avulsion fracture of the ACL footprint. (a) T1 sagittal and (b) 
PDFS sagittal images showing avulsion fracture of the tibial spine including the ACL footprint (courtesy F. Vanhoenacker)

a b

Fig. 30 (a, b) Unstable osteochondral lesion of the 
medial femoral condyle in a 16-year-old football player. 
(a, b) Consecutive parasagittal PD FS images showing a 

displaced osteochondral fragment (short white arrow). 
The cystic change and oedema at the donor site are sec-
ondary signs of instability (long white arrow)
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et al. 1996). A lesion is considered unstable if one 
or more of the following MR criteria are present: 
(1) high-signal-intensity fluid/granulation line 
deep to the lesion, (2) cysts more than 5 mm in 
width beneath the lesion, (3) focal cartilage 
defect and (4) fluid passing through an articular 
cartilage defect (De Smet et al. 1996).

Congenital intra-articular abnormalities which 
may predispose to problems in the immature 
knee include congenital absence of the anterior 
cruciate ligament (Gabos et al. 2005) and discoid 
menisci. Discoid menisci are more common lat-
erally, may be bilateral and can be associated 
with tears, meniscal cysts and premature degen-
erative joint disease (Rohren et al. 2001) (Fig. 31).

Chronic repetitive trauma can cause pain, ten-
derness, soft-tissue swelling and bony fragmen-
tation at the origin of the patellar tendon from the 
inferior pole of the patella (Sinding-Larsen- 
Johansson disease, aka “jumper’s knee”) (Fig. 8) 
and at its insertion into the tibial tubercle 
(Osgood-Schlatter disease) commonest in ado-
lescent athletes. If required, the clinical diagnosis 
of both conditions can be confirmed with ultra-
sound or MR imaging (Hirano et  al. 2002). 
Arguably, the role of imaging in this situation is 

to exclude other occult pathology. Care should be 
taken not to overdiagnose minor signal change 
within the patellar tendon as indicative of chronic 
trauma without evidence of swelling and oedema 
as it may be artefactual due to the magic angle 
phenomenon.

Patella dislocations are a common acute injury 
in children during athletic activity. It is most fre-
quently seen in basketball, soccer and American 
football (Waterman et al. 2012). The patella dis-
locates laterally out of the trochlea groove and 
may or may not relocate spontaneously. Genu 
valgum, trochlear dysplasia, increased tibial 
tuberosity-trochlea groove (TT-TG) distance, 
patella alta and joint hypermobility are risk fac-
tors. Radiographs can be normal if spontaneous 
relocation occurs but can show a haemarthrosis. 
MRI can demonstrate typical oedema pattern of 
the inferomedial patella and lateral femoral con-
dyle and disruption of the medial patellofemoral 
retinaculum. A haemarthrosis may also be pres-
ent. MRI can also define morphological abnor-
malities of the trochlea and patella and help in 
surgical planning (Diederichs et al. 2010).

Fractures of the patella are relatively rare in 
children and adolescents accounting for 

a b

Fig. 31 (a, b) Discoid lateral meniscus in a 17-year-old male football player. (a) Sagittal PD FS and (b) coronal PD FS 
sequences show a discoid lateral meniscus with an associated complex tear (white arrows)
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approximately 1% of all fractures in this age 
group (Green and Swiontkowski 2002). Sleeve 
fractures of the patella constitute about 57% of 

all patella fractures in this age group (Hunt and 
Somashekar 2005). They are usually caused by 
forceful extension of the knee with vigorous 

a b

c

Fig. 32 (a–c) Patella sleeve fracture in an 11-year-old 
female. (a) Lateral radiograph showing patella alta; there 
is a small avulsed bony fragment from the inferior pole of 
the patella which is just visible (white arrow). (b) Sagittal 
T1 and c sagittal STIR sequence shows loss of continuity 

of the proximal patella tendon and accompanying patella 
sleeve from the inferior pole of the patella (long white 
arrows). A benign asymptomatic fibrocystic lesion is also 
noted in the distal femoral metaphysis (short arrows) 
(courtesy of Dr. H. Majeed UK)
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contraction of the quadriceps. This results in a 
“sleeve” of periosteum which is pulled off the 
patella with or without a bony fragment. The 
most common pattern of injury involves avulsion 
of the inferior sleeve but superior, medial and lat-
eral sleeve avulsions can occur. X-rays may or 
may not show a small avulsed bony fragment, 
varying degrees of patella alta and a joint effu-
sion; however the extent of the soft-tissue injury 
is severely underestimated. MRI will assess the 
full extent of the injury to the extensor mecha-
nism and can identify the presence of a displaced 
patella fragment if present and the need for surgi-
cal management (Dupuis et al. 2009; Bates et al. 
1994) (Fig. 32).

“Shin splint” refers to activity-related lower 
leg pain thought to be related to traction periosti-
tis of the calf muscles along the posteromedial 
tibia. MR imaging may show juxtacortical and 
marrow oedema as well as subtle cortical changes 
(Anderson et al. 1997). It forms part of the spec-
trum of stress-related pathology affecting the 
tibial diaphysis, with the fatigue-type stress frac-
ture as the most severe manifestation. MRI is the 

imaging modality of choice. It is more sensitive 
than radiography, CT and nuclear medicine stud-
ies (Gaeta et al. 2005; Kiuru et al. 2002; Kijowski 
et al. 2007; Kiuru et al. 2007) (Fig. 33). A classi-
fication based on MRI findings was first proposed 
in 1995 to allow a standardised method of assess-
ing the severity of injury (Fredericson et al. 1995) 
(Table 2).

a b
Fig. 33 (a, b) Medial 
tibial stress fracture in a 
14-year-old female. (a) 
Sagittal T2 and (b) axial 
PD FS sequences 
showing focal cortical 
thickening with 
periosteal and 
intramedullary oedema 
with a visible fracture 
line in keeping with a 
grade 4b stress fracture

Table 2 Fredericson MRI classification for tibial stress 
injuries

Grade of 
stress injury MRI findings
0 No abnormality
1 Periosteal oedema only
2 Periosteal oedema and marrow oedema 

only visible on T2-weighted sequences
3 Periosteal oedema and marrow oedema 

visible on T1- and T2-weighted 
sequences

4a Multiple focal intracortical signal 
abnormalities on T1- and T2-weighted 
sequences

4b Linear intracortical signal abnormalities 
on T1- and T2-weighted sequences
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6.4  Ankle and Foot

The foot and ankle are the most commonly 
injured and imaged parts of the musculoskeletal 
system affecting athletes of all ages (Dunfee 
et al. 2002). Ankle injuries account for over one- 
quarter of all sports-related injuries in school- 
aged children (Backx et  al. 1989). Acute 
Salter-Harris fractures of the distal tibia are asso-
ciated with premature fusion of the growth plate 
in approximately one-third of cases (Barmada 
et al. 2003). Fatigue-type stress fractures around 
the ankle and foot preskeletal fusion tend to 
involve the navicular (Corris et al. 2003), distal 
fibula and uncommonly medial malleolus (Shabat 
et al. 2002). Torsional or inversion stress injuries 
in adolescent athletes may lead to osteochondral 
lesion of the talar dome (Fig.  34). The average 
age at presentation is approximately 13 years and 
the medial dome of the talus is the most 

 commonly affected (Letts et  al. 2003a; 
Vanhoenacker et  al. 2002). Both CT and MR 
imaging can be used to confirm the diagnosis, 
assess for instability and enable surgical 
planning.

Heel pain is a common presenting symptom in 
the skeletally immature athlete. Sever’s disease is 
an overuse injury due to traction apophysitis of 
the calcaneal apophysis. This often occurs at a 
time of a growth spurt or a rapid increase in train-
ing volume which increases the pull of the strong 
Achilles tendon against the relatively soft calca-
neal apophysis. It is often bilateral in up to 60% 
of patients. It is more common in sports that 
require running and jumping (James et al. 2016). 
Year-round activity, improper footwear and bio-
mechanical factors such as a short Achilles ten-
don, pes cavus, pes planus and genu varum are 
contributing factors (James et  al. 2016; Launay 
2015). The diagnosis is usually made clinically 
but if the diagnosis is in doubt imaging can be 
performed. Radiographs can often be normal or 
can show increased sclerosis and fragmentation 
of the calcaneal apophysis. MRI can show bone 
marrow oedema and enhancement following con-
trast in the calcaneal apophysis (Hussain et  al. 
2013) (Fig. 5).

Ankle sprains are one of the commonest 
sports-related injuries in adolescence. They can 
be divided into lateral, high and medial based on 
their location. Lateral sprains are the common-
est type. Inversion and plantar flexion are the 
commonest mechanisms of injury. Medial and 
high ankle sprains are usually caused by ever-
sion and external rotation. Most will improve 
with non- operative management. Imaging of the 
ligaments and tendons, be it with MR imaging 
or ultrasound, is best reserved for those cases 
where surgical intervention is being considered. 
The severity of injury on MRI can be classified 
into one of three grades ranging among oedema 
around the ligament, grade 1; partial tear, grade 
2; and full-thickness tear, grade 3. Surgical indi-
cations include persistent chronic lateral ankle 
instability (Letts et al. 2003b) and posterior tib-
ial tendon dysfunction (McCormack et  al. 
2003).

Fig. 34 Osteochondral lesion of the talar dome in a 
13-year-old male. Radiographs showing a displaced 
osteochondral fragment of the talar dome (white arrow) 
(courtesy F. Vanhoenacker)

A. Patel et al.



717

Ballet dancers are particularly prone to foot 
and ankle pain. The causes can be classified 
into four groups: impingement syndromes, ten-
don, ligament and osseous pathologies (Hillier 
et al. 2004). Posterior impingement is a particu-
lar problem because of forced plantar flexion in 
the en pointe and demi-pointe positions where 
the posterior tibia and the postero-superior 
aspect of the calcaneus come into close contact; 
this is aggravated by the presence of an os tri-
gonum or prominent posterolateral talar tuber-
cle (Stieda process). Compression of the 
osseous and interposed soft tissues can result. 
MRI can demonstrate the presence of an os tri-
gonum or a Stieda process and associated cystic 
change, marrow oedema, synovitis, posterior 
capsule thickening and tenosynovitis of the 
flexor hallucis longus (Peace et al. 2004). Stress 
fractures can be seen in any bone of the foot 
(Fig. 35). The forefoot especially is vulnerable 
to injury when dancing the en pointe and demi-
pointe positions which can place high loads on 
the metatarsals and the plantar aspect of the 
MTPJs. Plantar plate injuries, MTPJ chondral 
injuries and sesamoiditis and sesamoid stress 
injuries are commonly seen. Midfoot injuries 
are less commonly seen than injuries to the 
hind and forefoot but include fractures of the 
metatarsals and abnormalities of the Lisfranc 
ligament (Fritz and Kassarjian 2014).

Things to Remember
 1. How trauma is manifested in the skeleton 

depends on the age of the individual.
 2. The nature of the sport will determine the pat-

tern of injuries sustained.
 3. Overuse injuries are associated with year- 

round sporting participation and early special-
isation in a single sport.

 4. In the adolescent the growth plate (physis) is 
particularly susceptible to trauma.

 5. The differential diagnosis of chronic overuse 
injuries in the immature skeleton includes nor-
mal variants, osteomyelitis and primary bone 
tumours.

a b

Fig. 35 (a, b) Stress fractures of the foot. (a) Reformatted 
CT in a 16-year-old female dancer shows incomplete 
stress fracture of the navicular which does not quite reach 
the inferior surface. (b) Sagittal STIR MRI in a 16-year- 

old female dancer showing incomplete fracture of the cal-
caneus with visible low-signal fracture line and marked 
osseous oedema

Box 1: Standard Radiography
Initial imaging modality for diagnosis of 

fractures, Salter-Harris fractures or 
apophyseal avulsion fracture.

Knowledge of age-related anatomy of the 
patients and normal variants is manda-
tory for correct image interpretation.

Contralateral/comparison views should be 
discouraged.

Some type of stress fractures, particularly 
in complex anatomical areas (e.g., 
sacrum), may be very difficult to detect 
on standard radiographs.
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Abstract

Aging is an unavoidable process but the ben-
efits of regular exercise have been proven to 
have a major impact on maintaining quality 
of life. A combination of factors at cellular 
and molecular level, the presence of condi-
tions such as obesity or malalignment prob-
lems, together with a history of past injuries 
(cartilaginous, ligamentous, meniscal as 
examples) and the distribution of load 
depending on the type of sporting activity 
will result in different risks of developing 
lesions with aging. There is a significant 
overlap between findings secondary to nor-
mal degenerative processes and those that 
may be symptomatic.

The role of imaging consists of the detec-
tion and characterization of injuries that may 
benefit from treatment or correction through 
clinical intervention.

In this chapter, we provide an overview of 
the sport injuries that affect the aging 
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population. With this purpose, we describe the 
long- term effects of joint derangement and 
injury to the muscle and tendon, including 
some tips on how to discern possible normal 
findings related to aging processes from those 
amenable to clinical intervention. As part of 
the analysis of the particularities of the aging 
athlete we also review the impact that sporting 
activity has on bone health and sarcopenia.

1  Introduction

Our society has become fitness oriented; partici-
pation in sports has increased over recent decades. 
The benefits of exercises are extensive and many 
of the physiological consequences of aging may 
be mitigated or reversed by regular exercise.

Physical exercise is the most recommended 
non-pharmacological intervention for osteoar-
thritis patients, based on the existing evidence 
supporting that it reduces pain and enhances 
function of osteoarthritic joints (Soto-Quijano 

2017; Rausch Osthoff et  al. 2018). Recent evi-
dence also establishes a strong link between obe-
sity, metabolic syndrome, and nutrition and the 
incidence of OA (Bortoluzzi et al. 2018).

The greatest threat to the health of the aging 
athlete is not the aging process itself but rather 
inactivity (Menard and Stanish 1989).

Aging athletes can be divided into those that 
wish to remain active as they age, weekend war-
riors, and some of those who have never before 
exercised and practiced sports.

The American College of Sports Medicine/
American Heart Association consider that their 
“old age” guidelines should apply to individuals 
aged 65 years or older, but also extend them to 
adults aged 50–64 with significant chronic condi-
tions or functional limitations (Chodzko-Zajko 
et al. 2009). However, what represents a “senior 
athlete” will depend on the sport and events. The 
World Masters Athletics includes athletes over 
35, whereas the Senior Professional Golf 
Association includes players older than 50. The 
International Tennis Federation has a cutoff for 
young senior divisions at 35 years (Brun 2016).

a b

Fig. 1 (a, b) Knee osteoarthritis in 50-year-old soccer 
player. (a) AP and (b) lateral standard radiograph. Joint 
space narrowing especially at the medial femorotibial and 

patellofemoral compartments, subchondral sclerosis, and 
osteophyte formation
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Injuries may result from acute trauma (“mac-
rotrauma”), insidious overuse injuries (“micro-
trauma”), or a combination of these two 
mechanisms, although older athletes experience 
a lower incidence of acute traumatic injuries 
(Armsey and Hosey 2004; Chen et al. 2005). The 
risk of lesions is from their current program and 
past indiscretions (Menard and Stanish 1989). 
Injuries of master-level practitioners reflect the 
impact of tissue aging (degenerative disease), 
repetitive joint stresses (chronic overuse inju-
ries), or long-term effects of athletic injuries 
(Bert and Gasser 2002; Wolf and Amendola 
2005).

The aim of this chapter is to provide an over-
view of the different specific injuries that aging 
athletes can sustain, to help to differentiate “nor-
mal” from pathological aging, to identify radio-
logical findings that are clearly associated with 
symptoms or disability, and to provide some 
guidelines to help the practitioner respond more 
effectively to each individual patient (Table 1).

2  Impact of Osteoarthritis 
in Sport Activities: Risk 
and Consequences

Osteoarthritis (OA) is the progressive loss of nor-
mal cartilage structure and function, and involves 
all the joint tissues, bone, capsule, synovium, and 

cartilage (Wolf and Amendola 2005). With age, 
chondrocyte numbers decline. Lower turnover in 
the cartilage results in a decrease in maintenance 
capacity, with structural changes in the collagen 
that increase tissue stiffness. The content of pro-
teoglycans in cartilage changes in response to 
mechanical loading. Moderate loading results in 
hypertrophy, and reduced loading in atrophy. In 
cases of mechanical overload there is proteogly-
can loss, and irreversible cartilage damage. Thus, 
age is a predisposing factor for OA, but mechani-
cal overload acts as a triggering event (Jørgensen 
et al. 2017).

There are multiple risk factors for osteoarthri-
tis (OA) (Gessel and Harrast 2019) (Table 2), so 
determining whether an athlete’s OA is due to 
participation in sports or other factors is difficult, 
and possible cause and effect between sport and 
osteoarthritis in the aging athlete is still contro-
versial (Tran et  al. 2016). A recent systematic 
review (Runhaar et al. 2015) concluded that the 
risk of developing osteoarthritis seems to be 
moderately increased with sporting participation, 
but mainly linked to the risk of joint injury.

A strong link has been established between 
obesity, metabolic syndrome, and nutrition and 
the incidence of OA (Bortoluzzi et al. 2018).

The joints that are particularly susceptible to 
OA in the general population are those involved 
in load bearing and a history of high sports par-
ticipation increases the risk of osteoarthritis. The 

Table 1 Radiological musculoskeletal manifestation of normal aging vs. pathologic aging

Normal aging Pathologic aging
Bone Decreased bone density Stress insufficiency fractures

Bone marrow edema
Articular 
cartilage

Chondromalacia Osteochondral lesions

Meniscus and 
fibrocartilage

Knee
Intrasubstance degeneration
Meniscus horizontal tears
Wrist
Triangular fibrocartilage tear type II

Knee
Radial, vertical, complex, or displaced meniscal 
tears
Wrist
Ulnar site attachment tears
Bone marrow edema and osteochondral 
associated injuries

Ligament and 
tendons

Mucoid degeneration of major ligaments, ACL, 
PCL
Mild increased intratendon signal, peritendinitis

Total disruption of fibers
Thicker tendon
Tears

Muscle Muscle weakness
Musculotendinous unit loss of flexibility

Acute muscular strains or tears
Musculotendinous unit rupture
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type of sport is an important factor in the subse-
quent risk of OA, with high-impact sports being 
more detrimental. A group of sports with mini-
mal joint impact and torsional loading (walking, 
swimming, water aerobics, stationary cycling, 
golf, Tai Chi) have been seen to increase osteo-
phyte formation, but do not increase the risk of 
osteoarthritis in the context of normal joints and 
neuromuscular function (Soto-Quijano 2017).

Top athletes that competed in endurance 
(competitive running, cross-country, skiing), 
team (soccer, basketball, hockey), or power 
sports (boxing, wrestling, weight lifting) demon-
strate an increase in hip and knee OA, with higher 
rates in team and power athletes. The risk 
increases in cases of abnormal joint anatomy or 
alignment (dysplasias, instability), previous inju-
ries, or background of surgery, when there is neu-
romuscular impairment or inadequate muscle 
strength (Bennell et al. 2011).

For some sports, such as running, there has 
long been controversy as to the role of exercise 
and the risk of OA; a recent systematic review 
and meta-analysis of 16 studies concludes that 
recreational runners have a lower occurrence of 
hip and knee osteoarthritis compared with com-
petitive runners and controls, but it is not possible 
to determine whether this association is causative 
or could be confounded by risk factors such as the 
incidence of injuries (Alentorn-Geli et al. 2017).

Among the throwing sports MRI revealed 
increased numbers of rotator cuff tears and acro-
mioclavicular OA in the dominant arm compared 
with the nondominant limb. In addition, those 
athletes also displayed radiographic evidence of 
elbow OA. Increased hand OA has been found in 
rock climbers.

Chronic tendinosis is related to microtrauma 
to the tendons, and is therefore more frequent in 
the adult athlete population. Rotator cuff tendino-
sis, medial epicondylitis, or wrist tendon tendino-

sis is common in golfers. Achilles tendinosis is 
the most common injury in joggers. Lateral epi-
condylitis is more common in middle-age rac-
quetball players (Chung and Kim 2003; Potter 
et al. 2004).

Furthermore, the effects of changes due to OA 
on different joints in the body have different 
implications for participants in different sports. 
Degenerative changes to any of the lower extrem-
ity joints will be poorly tolerated by those partici-
pating in running, cutting, or pivoting sports, 
such as basketball, football, soccer, and tennis. 
OA in the shoulder, elbow, wrist, or hands is 
likely to be well tolerated unless the sport 
involves some overhead activity. Overhead ath-
letes such as tennis and baseball players or swim-
mers would be far less tolerant to OA changes 
involving the upper extremity especially in the 
dominant arm.

The number of master female athletes has also 
increased. The majority of injuries sustained by 
female athletes are due to participation in the sport 
rather than their sex, but there are anatomic, hor-
monal, and functional differences between the sexes 
which must be considered (Ireland and Ott 2004).

Imaging evaluation of early cartilage damage 
is important for treatment options; focal disease 
has a different therapeutic approach than diffuse 
cartilage disease. MRI is a useful tool for the 
evaluation of subtle OA on cartilage-specific 
sequences due to its high soft-tissue contrast, and 
it is currently the most important tool for osteoar-
thritis research. It allows the assessment of struc-
tural and symptomatic changes, relevant for 
longitudinal studies. Radiographs are a late-stage 
imaging method and only provide an indirect 
evaluation, but despite this, plain films remain the 
most widely available and least expensive imag-
ing method. Joint space narrowing, subchondral 
sclerosis, subchondral cysts, and osteophytes are 
classical OA imaging features. The absence of 
statistical correlation between the severity of the 
joint degeneration and the high prevalence of 
asymptomatic imaging findings makes a diagnos-
tic dilemma in determining the cause of the pain.

Subchondral bone marrow lesions (BMLs) on 
MRI or “edema-like MRI abnormalities” have 
been seen to be associated with the presence of 
pain as a symptom.

Table 2 Risks for osteoarthritis

Non-modifiable Modifiable
Age >50
Strong family history of OA
Female
Postmenopausal
Previous joint injury

Obesity
Propensity to injury
Poor biomechanics
Occupational load
Sport participation
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Bone marrow edema is defined on MRI as ill- 
defined hyperintensities on STIR images and on 
fat-suppressed T2-weighted MR images (see 
Vanhoenacker 2021). These hyperintensities on 
histopathological examination show fibrosis, 
areas of osteonecrosis, bony remodeling, and 
only little real edema. Therefore, some authors 

have suggested using the term “ill-defined signal 
intensity abnormality” or “edema-like MRI 
abnormality” to describe bone marrow lesions. 
More specific concomitant abnormalities must be 
ruled out, such as trabecular fracture demon-
strated as a well-defined hypointense line within 
a high signal area (Fig. 2).

a b

c d

Fig. 2 (a–d) Trabecular fracture in a 39-year-old man 
soccer player after a twisting knee motion. Previous his-
tory included ACL graft reconstruction. (a, c) Sagittal 
FSE T1-weighted MR images and (b, d) sagittal SE 
proton- density MR images. The course, signal intensity, 

and morphology of the ACL graft are normal. More lateral 
images—however—show bone marrow edema at the pos-
terolateral tibial plateau and in the subchondral area of the 
lateral femoral condyle surrounding two hypointense lin-
ear foci, indicative of trabecular fractures (black arrow)
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Recently, derived from the use of MRI, artifi-
cial intelligence (AI), with its potential to extract 
new analytic algorithms, has been applied to the 
study of OA, but is still at a stage in which it 
requires further research and validation (Hayashi 
et al. 2019).

3  Long-Term Joint Injuries

Joint injury during sports activities is frequent, 
and can be secondary to a single acute trauma or 
secondary to repetitive loads and microtrauma 
during sport participation. A history of joint 
injury increases the incidence rate of joint OA but 
does not affect the rate of progression of 
OA. Recently, the tissue homeostasis theory as a 
model that maintains knee function was intro-
duced. The range of loads that a joint can accept, 
transfer, and dissipate without failure is repre-
sented by an area that can be termed the envelope 
of function. The envelope of function for a given 
injured joint can vary significantly and reduces 
with aging. Loading outside of this threshold 
induces a loss of tissue homeostasis, resulting in 
injury (Bartz and Laudicina 2005).

Long-term consequences of the most frequent 
associated sport injuries are reviewed in this 
chapter.

3.1  Lower Extremity: Knee

Knee injuries are frequent and associated with 
contact and noncontact sports, often related to a 
twisting or pivoting episode and repetitive ath-
letic activity loading.

A recent meta-analysis of 15 studies suggests 
that the prevalence of knee osteoarthritis in for-
mer athletes is as high as 30%, but points out that 
heterogeneity in the diagnostic criteria and type 
of sports may have an impact on this estimation 
and high-quality studies are still needed 
(Madaleno et al. 2018).

3.1.1  Knee: ACL
ACL injury has a drastic effect on an athlete’s 
ability to perform sports; however there is little 

consensus on the long-term consequences of iso-
lated ACL tears and the effectiveness of ACL 
reconstruction on preventing long-term sequelae 
after an isolated injury. Both surgical and conser-
vative treatment may result in cartilage degenera-
tion and osteoarthritis.

A great number of studies have analyzed the 
prevalence of OA post-ACL tear. A systematic 
review found the prevalence of OA in individuals 
with an isolated ACL injury to be between 0% 
and 13%, and in individuals with combined inju-
ries, between 21% and 48% (Øiestad et al. 2009). 
Rates of radiological OA after ACL tears have 
been shown to be between 16% and 78% (Potter 
et al. 2012).

The cases in which nonsurgical management 
is favored or reconstruction is delayed have a 
higher probability of developing a secondary 
meniscal tear and being diagnosed with OA 
 compared with patients that choose surgical 
reconstruction (Sanders et al. 2016).

The current recommendations, especially for 
athletes returning to pivoting sports, are for early 
surgery (between 1 and 6 months). The presence 
of meniscal tears, background of surgery, or per-
formance of meniscectomy at the time of surgical 
reconstruction of the ACL are the most frequent 
factors to develop OA (Borchers et  al. 2011; 
Risberg et  al. 2016; van Meer et  al. 2016). 
Revision surgery has been found to increase 
articular cartilage injury compared with primary 
repair, with higher rates of subsequent OA 
(Borchers et  al. 2011; Kaeding et  al. 2015). 
Overall, approximately 20–50% of patients will 
have evidence of OA within 10–20  years 
(Sepúlveda et al. 2017).

Even in older patients, over the age of 50, the 
ACL can be satisfactorily reconstructed allowing 
patients to return to sport activity, with outcomes 
comparable to younger patients (Fig. 2) (O’Neill 
et al. 2002; Iorio et al. 2018).

Areas of occult bone lesions in the lateral fem-
oral condyle and in the posterolateral corner of 
the medial plateau are frequently seen on MRI in 
acute ACL injuries secondary to compressive 
forces (see Vanhoenacker 2021). However, the 
most common cartilage lesion in ACL chronic 
deficient knee is located in the articular surface of 
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the medial femoral condyle, especially associ-
ated with bucket- handle meniscal rupture, while 
it is infrequent to find lateral femoral condyle 
cartilage lesion. It is probably due to bone bruise 
healing in the lateral compartment and persistent 
rotational instability loading the medial compart-
ment. The presence of a medial femoral condyle 
osteophyte adjacent to the anterior tibial spine is 
a radiographic indirect sign of chronic ACL defi-
ciency (Maffulli et al. 2003).

Degenerative changes can occur to the cruci-
ate ligaments with aging. Intrasubstance ganglia, 
mucoid degeneration, and intraosseous ganglia at 
the femoral or tibial ACL attachment may be part 
of a degenerative aging process. MRI findings are 
fairly specific and should not be mistaken for a 
tear. MRI of mucoid degeneration shows a mass- 
like ligament with homogeneous marked increase 
signal intensity on T2-WI without fiber disrup-
tion. McIntyre et al. (2001) concluded, “mucoid 
degeneration of the ACL must be suspected when 
an apparently thickened, ill-defined ligament 
with increased signal intensity, ‘celery stick 
appearance’, with absence of discontinuity is 
identified in a patient with a clinically intact liga-
ment.” Clinical significance has to be determined; 
however pain and restriction to flexion have been 
reported; those patients respond well to 
arthroscopic release and notchplasty (McIntyre 
et  al. 2001; Narvekar and Gajjar 2004; Bergin 
et al. 2004).

3.1.2  Knee: PCL
The natural history and treatment options for 
PCL rupture are still a matter of debate. PCL 
injuries may not be benign in the long term. 
Chronic PCL tears demonstrate a variable pro-
gression of articular degeneration and late arthro-
sis. PCL has a unique feature: it may heal after 
injury. MRI studies have shown that chronic PCL 
injuries that develop a continuous low signal 
intensity pattern on MRI were less unstable. 
Prognostic factors such as combined injuries pre-
dict long-term outcome as well as appropriate 
treatment. PCL tears without associated intra- 
articular injury, significant posterior tibial dis-
placement, or multidirectional instability were 
more likely to remain symptom free, while com-

bined instabilities were more likely to result in a 
decreasingly functional knee (Bartz and 
Laudicina 2005; Shelbourne and Muthukaruppan 
2005).

The overall incidence of degenerative articular 
cartilage lesions has been 67.4%, the majority 
being within the medial femoral condyle. 
Posterior tibial translation secondary to PCL 
deficiency alters the kinematics of the knee and 
results in anterior shifted tibiofemoral contact 
and increased posterolateral corner stress during 
knee loading. This unloads the posterior horn of 
the medial meniscus and leads to increased joint 
pressure in the anterior medial compartment. The 
more posterolateral structures involved, the more 
rotational shift increasing the loads acting on the 
medial compartment increasing the loads acting 
on the medial compartment (Strobel et al. 2003; 
Logan et al. 2004; Bartz and Laudicina 2005).

3.1.3  Knee: Meniscus Tears
Meniscal degeneration contributes to the devel-
opment of OA. This is caused by various factors, 
some of them external, like repetitive trauma and 
malalignment, and some of them internal. Aging 
is an internal factor, due to cellular and molecular 
changes. Senescence of the meniscal cells leads 
to disruption of tissue homeostasis. There is a 
decreased turnover of collagen, accumulation of 
glycation end products, and loss of proteogly-
cans, similar to what happens in cartilage, with 
an increase in tissue stiffness that raises the risk 
for tears. Lately, it has been demonstrated that 
pro-inflammatory factors in joint fluid are also 
contributory to degeneration (Tsujii et al. 2017).

Athletic activity loads the lateral compart-
ment, especially the anterior horn of the lateral 
meniscus. Among asymptomatic aging athletes 
over the age of 50, MR imaging shows a signifi-
cant number of lateral meniscal anterior horn 
lesions. Therefore, meniscal tears must be only 
treated if they are considered to be responsible 
for the patient’s discomfort and it is important to 
identify those MRI features associated with 
patient’s symptoms.

Horizontal or oblique meniscal tears on MRI 
are frequently encountered in both asymptomatic 
and symptomatic knees and do not always 
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correlate with the patient’s symptoms. Radial, 
vertical, complex, or displaced meniscal tears are 
found to be more prevalent in symptomatic knees, 
 especially when they have associated collateral 
ligament, pericapsular soft-tissue strains, or bone 
marrow abnormalities (Jerosch et  al. 1996; 
Zanetti et al. 2003).

The most common type of tear in the aging 
population (over 40 years) is degenerative tears. 
They result from repetitive stress over an aged 
meniscus, and normally have an insidious onset, 
with no direct trauma (Feeley and Lau 2018). 
Degenerative tears are associated with chondral 
degeneration in 85% of cases (Mesiha et al. 2007).

The development of osteoarthritis is a well- 
known, relatively frequent adverse outcome of 
meniscectomy.

After meniscectomy there is an alteration in 
the load distribution. Medial meniscectomy 
reduces 50–70% femoral condyle area and leads 
to a 100% increase in contact stress in the medial 
compartment. Lateral meniscus meniscectomy 
has been shown to result in a 40–50% decrease in 
contact area and a 200–300% increase in contact 
stress in the lateral compartment (Figs. 3 and 4). 
Lateral meniscectomy is therefore worse for the 
biomechanics of the compartment than medial 
(Klimkiewicz and Shaffer 2002; Bartz and 
Laudicina 2005). Another of the consequences of 
arthroscopic partial meniscectomy is an increase 
in the knee adduction moment (KAM) in the 
operated leg for up to 1 year after surgery. The 
adduction moment determines the mediolateral 
distribution of load across the tibial plateau. 
Large adduction moments concentrate load on 
the medial tibiofemoral compartment. Several 
studies have demonstrated an association between 
increased KAM and incidence of progression of 
tibiofemoral OA (Sturnieks et al. 2008; Thorlund 
et al. 2016). Besides, knee extension and flexion 
moments also change, with subsequent changes 
in the load of the patellofemoral joint, also favor-
ing the development of OA (Hall et  al. 2015; 
Thorlund et al. 2016).

A recent systematic review of predictors for 
the clinical outcome following arthroscopic par-
tial meniscectomy concluded that duration of 

symptoms for longer than 1  year, presence of 
OA, resecting more than 50% of the meniscus, 
and leaving a non-intact meniscal rim (radial 
resection leading to destruction of the hoop stress 
function) were associated with worse clinical 
outcomes following arthroscopic partial menis-
cectomy. There is moderate evidence that sex, 
onset of symptoms, type of tear, and sport level 
before injury do not predict clinical outcome. 
Evidence was found to be conflicting with regard 
to age, perioperative chondral damage, and joint 
alignment (Eijgenraam et al. 2018). They did not 
consider other associated injuries such as ACL 
tears or other types of surgical technique, such as 
meniscal repair or open approaches.

A recent study focused on patients over 60 
undergoing medial meniscus partial meniscec-
tomy demonstrated that high BMI (≥26 kg/m2), 
an advanced chondral lesion in the medial com-
partment (Outerbridge grade III or IV), degenera-
tive changes in the patellofemoral joint, and ACL 
tear or laxity were major predictors for surgical 
outcome in the elderly age group (Sofu et  al. 
2016).

An unusual complication of postmeniscec-
tomy is osteonecrosis of the femoral condyle. Its 
physiopathology is not yet fully understood. The 
reduction of weight bearing by approximately 
50% leads to an increase in tibiofemoral pres-
sure. Altered mechanical force has been sug-
gested to be an etiological factor (Johnson et al. 
2000). In the initial phase MRI appearance of 
postmeniscectomy, osteonecrosis displays a 
large area of nonspecific intramedullary edema. 
After 3  months, the edema decreases and the 
clearly defined central area of necrosis shows 
high signal intensity on T2-weighted MR 
images. A subchondral band of low intensity is 
seen on both pulse sequences, related to a vari-
able portion of impacted and necrotic medullary 
bone. After this, bone sequestration may occur, 
loose bodies may develop, or it may resolve with 
residual flattening of the articular surfaces 
(Faletti et al. 2002).

The much better understanding of the biome-
chanical impact of meniscectomy obtained from 
recent studies has led to the development of 
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surgical techniques aiming at preserving as much 
meniscal tissue as possible (meniscal repairs). 
Some studies report an increase in failure rates if 
the repairs are performed in patients over 40 
(Barrett et  al. 1998) but others suggest that age 
does not affect the outcome (Steadman et al. 2015).

Arthroscopic partial meniscectomy 
remains the preferred technique for the treat-

ment of unstable tears. Current studies sug-
gest that meniscectomy offers a shorter 
recovery time, earlier return to sport, and less 
revision surgery than meniscal repair (Feeley 
and Lau 2018).

Meniscal allograft transplants have also been 
reported to stop the progression of OA (Drobnič 
et al. 2019).

a

b c

Fig. 3 (a–c) Post-total meniscectomy osteoarthritis in a 
46-year-old male marathon runner. (a) Coronal FSE fat- 
suppressed T2-weighted MR image. Marked decrease of 
the joint space, waving of the surface of the articular car-
tilage, and marginal osteophyte formation. (b) Sagittal 
FSE T1-weighted MR image. (c) Fat-suppressed proton- 

density MR images. Note osteophyte formation at the lat-
eral facet of the patella and the anterolateral tibial plateau, 
and cartilage defect with associated bone marrow edema 
(grade 5 lesion) at the posterior femoral condyle (white 
arrow)
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3.1.4  Articular Cartilage/
Subchondral Bone Injury

The natural history of acute osteochondral or 
chondral injury to the knee continues to be an 
object of study.

The subchondral bone is a critical element 
of the osteochondral unit, and plays an 
important role in the outcomes from injuries 

and surgical interventions, as well as in general 
joint health.

Subchondral bone marrow lesions (BMLs) or 
“edema-like MRI abnormalities” have been seen 
to be associated with knee pain in the context of 
OA.

Sowers et  al. (Sowers et  al. 2003) 
demonstrated that in women with full-thickness 

a

b c

Fig. 4 (a–c) Post-partial meniscectomy changes, menis-
cal retear, ACL rupture, and grade 4 cartilage lesion in a 
35-year-old basket player. (a) Coronal FSE fat-suppressed 
T2-weighted MR image. (b, c) Sagittal SE fat-suppressed 
proton-density MR images. Morphologic changes (blunt-
ing and truncation) and increased intrameniscal signal 

intensity of the posterior horn of the medial meniscus. The 
retear was confirmed at arthroscopy. A focal cartilage 
defect with subchondral bone marrow edema is seen at the 
medial femoral condyle (black arrow). Complete proxi-
mal ACL rupture is seen at the level of the intercondylar 
notch (white arrow)
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articular cartilage defects, if there was bone mar-
row edema and subchondral bone defect, the like-
lihood of painful OA was significantly greater 
than painless OA.

A few years ago, a systematic review of 22 
studies suggested moderate evidence associating 
knee pain with BMLs and effusion/synovitis 
(Yusuf et al. 2011).

BMLs have been seen to be associated with 
radiologic progression of joint destruction in the 
knee (Wluka et al. 2008; Roemer et al. 2010) and 
with chondral loss (Hunter et al. 2006). This sup-
ports the involvement of subchondral bone 
lesions in OA.

In patients with no trauma, BMLs have been 
associated with changes in the cartilage in the 
following 2 years, with the progression of chon-
dral defects seen to be proportional to the size 
of the lesion (Wluka et  al. 2008). In a study 
with arthroscopic correlation, higher grades of 
visualized cartilage defects correlated with a 
higher prevalence and greater depth or cross-
sectional area or both of BMLs on MRI 
(Kijowski et al. 2006).

A relatively recent study showed that MRI 
signs of cartilage degradation (using quantitative 
sequences) are directly associated with BML sig-
nal intensity (Zhao et al. 2010). Also, subchon-
dral bone uptake on MRI and SPECT/CT 
(single-photon computed tomography/CT) has 
been seen to correlate with the grade of overlying 
cartilage lesions (Maas et al. 2015).

In the setting of early OA changes and varus 
malalignment, an association between pain in 
knee OA and presence of BMLs has been proven 
(Kröner et al. 2007).

However BMLs do not fully explain the pres-
ence or absence of knee pain in OA. OA progres-
sion is unlikely if bone marrow lesions are absent 
on MRI (Pessis et al. 2003), but the location of 
the lesions does not predict reliably the location 
of pain, suggesting that other factors contribute 
to pain in OA.

3.2  Lower Extremity: Hip

Osteoarthritis of the hip in athletes is typically 
the result of cumulative overuse, without 

specific injury in the majority of cases. It is rela-
tively common, second only to osteoarthritis of 
the knee. Hip and knee OA has been found to be 
higher in soccer, football, handball, jumping, 
and track-and-field sports even without a his-
tory of injury, with higher prevalence than age-
matched controls. Running, as a recreational 
activity, has a lower occurrence of OA than 
competitive running or sedentarism (Alentorn-
Geli et  al. 2017). Specific risk factors include 
high loads, sudden or irregular impact, repeti-
tive flexion and internal rotation movements, or 
preexisting abnormalities such as hip dysplasia, 
labral tears, or avascular necrosis sequelae. 
Acute or chronic hip pain presents a diagnostic 
and therapeutic challenge because of the vague, 
nonspecific symptoms and signs. Symptoms 
include pain and lack of range of motion, par-
ticularly in internal rotation. The athlete may 
not specifically complain of pain per se, but 
rather discomfort or stiffness, usually when 
starting or after being sedentary (Koh and Dietz 
2005; L’Hermette et al. 2006).

Despite the fact that excessive loading to the 
hip promotes osteoarthritis, it was not until 
recently that femoroacetabular impingement was 
associated with the early development of degen-
erative disease. Femoroacetabular impingement 
is a condition of abnormal contact between the 
proximal femur and the acetabulum that may 
result in lesions of the labrum and cartilage which 
may progress to osteoarthritis.

Hip arthroscopy is becoming popular and 
early treatment can alleviate pain and improve 
function in athletes with OA.

Radiographic features of adult hip dysplasia 
range from subtle acetabular dysplasia to com-
plex sequelae of development dysplasia. MRI is 
an accurate method for the diagnosis of hip dis-
eases. MR arthrography is usually performed to 
assess the acetabular labrum, although its 
greater accuracy is questioned by some authors. 
MRI findings include abnormal head-neck or 
acetabular morphology, juxta-articular cyst for-
mation at the anterosuperior femoral neck, cysts 
of the acetabular rim, paralabral cyst with or 
without bone marrow edema, and labral tears 
(Fig. 5) (Delaunay et al. 1997; Kassarjian et al. 
2005; Leunig et al. 2006).
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Several recent prospective studies have dem-
onstrated an association between cam morphol-
ogy and progression to hip OA (Agricola et  al. 
2013; Thomas et  al. 2014; Nelson et  al. 2016; 
Saberi Hosnijeh et al. 2017). The strength of the 
association depended on the alpha angle. The 
positive predictive value (PPV) for end-stage OA 
when having cam morphology within 5 years was 
10.9% for an alpha angle >60° and 25.0% for an 
alpha angle >83° (Agricola et al. 2013).

Also, males participating in high-level-impact 
sports (basketball, hockey, soccer) are at 
increased risk of physeal abnormalities of the 
anterosuperior head-neck junction, resulting in 
cam deformity at skeletal maturity (Nepple et al. 
2015).

A link between pincer morphology (anterior or 
lateral) and OA has never been identified in epide-
miological studies. Moreover, the concurrence of 
these two morphologies appears to have a protective 

a b

c d

Fig. 5 (a–d) Femoroacetabular hip impingement. (a, c) 
Coronal proton-density direct MR arthrogram. (b, d) Fat- 
suppressed T1-weighted direct MR arthrogram. Note a 

superior labral tear, thickened iliofemoral ligament, and 
bone marrow edema surrounding a cystic lesion in the 
femoral head-neck junction (white arrow)
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effect for the development of end- stage OA (OR 
0.34, 95% CI 0.13, 0.87) (Thomas et al. 2014).

However, it is important to mention that there 
is no role for prophylactic surgery in the asymp-
tomatic hip with anatomy predisposing to 
impingement; morphology does not mean femo-
roacetabular impingement, which comprises a 
range of symptoms and clinical findings.

The labrum is subject to continuous weight- 
bearing stresses and with age there is an increase 
in the incidence of asymptomatic tears diagnosed 
by MR imaging, so imaging findings must be 
correlated with patient symptoms. The labrum 
undergoes changes in signal intensity and shape 
with aging. The shape tends to change from trian-
gular to round and irregular. High signal intensity 
reflects normal tissue degeneration and may even 
communicate with the articular surface (Lecouvet 
et al. 1996; Abe et al. 2000; Mintz et al. 2005). 
The response to an intra-articular injection of 
anesthetic is a reliable indicator of intra-articular 
abnormality (Byrd and Jones 2004).

3.3  Lower Extremity: Ankle

Osteoarthritis of the ankle is more common in 
professional football, baseball, and soccer play-
ers and ballet dancers but not significantly so in 
high jumpers. Ankle OA can often be asymptom-
atic (Koh and Dietz 2005).

Osteoarthritis of the ankle is characterized 
by the formation of impinging bone spurs, 
loose bodies, and joint space narrowing. 
Impingement syndromes are painful conditions 
caused by the friction of joint tissues; they can 
be classified as anterolateral, anterior, antero-
medial, posteromedial, and posterior. Anterior 
impingement resulting from repetitive dorsi-
flexion appears typically in soccer players, 
whereas posterior impingement is more typical 
in ballet dancers. MR imaging is useful in 
assessing the distribution of the spurs and 
osteophytes and detecting bone marrow edema, 
synovitis, and cartilage lesions (Fig. 6) (Bureau 
et al. 2000; Cerezal et al. 2003).

Fig. 6 (a–e) Ankle osteoarthritis. (a) Standard radio-
graph. (b) Axial FSE T1-weighted MR image. (c) Axial 
STIR image. (d) Sagittal FSE T1-weighted MR image. (e) 
Sagittal STIR image. Note the anterior tibiotalar spur for-

mation with thickening of the anterior capsule (white 
arrow), a prominent posterior lateral talar process (double 
white arrow) with adjacent bone marrow edema and cyst 
formation, and joint effusion

a b
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3.4  Upper Extremity: Shoulder

Shoulder pain is a prevalent musculoskeletal 
symptom, accounting for 16% of all musculo-
skeletal complaints; the peak age is 45–64 years 
(Andrews 2005). Shoulder range of motion 
decreases with aging for all motions except inter-
nal rotation. The athletic population such as pro-

fessional baseball players and tennis players have 
increased shoulder external rotation and 
decreased internal rotation in the dominant arm 
(Barnes et  al. 2001). Athletes who train with 
heavy weights have a higher risk of degenerative 
changes in the dominant arm (Schmitt et  al. 
2001). Chronic shoulder pain may result from 
one of several categories of intra-articular and 

Fig. 6 (continued)

e

c d
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extra-articular entities; imaging-guided selective 
injection of local anesthetic into the subacromial 
space or acromioclavicular joint helps to localize 
the origin of the symptoms (Strobel et al. 2003).

Glenohumeral osteoarthritis includes labrum 
degeneration, cartilage defects, loose bodies, 
adhesive capsulitis, and osteophytes. A prior 
shoulder dislocation increases the risk of subse-
quent shoulder osteoarthritis by 10–20 times 
compared with an uninjured shoulder. However, 
how quickly and which patients with instability 
will worsen in time is unclear and it has not yet 
been determined whether surgical treatment has 
an impact on the progression of the degenerative 
disease (Brophy and Marx 2005).

During repetitive shoulder motion, the rotator 
cuff can impinge on the coracoacromial arch. 
Rotator cuff tendinosis represents a combination 
of mechanical attrition, progression of incom-
pletely healed microtears, and age-related hypo-
vascularity of the supraspinatus tendon and is 
vulnerable to tearing while playing throwing 
sports. The cuff tears tend to occur in the anterior 
supraspinatus tendon (Fig.  7). Another typical 
injury is the rim rent-type tear just at the insertion 
onto the greater tuberosity (Tuite 2003; Chen 
et al. 2005).

Acromioclavicular arthritis manifests as cap-
sular hypertrophy and osteophyte formation. The 

narrowing of the subacromial space by inferior 
projecting osteophytes has been associated with 
subacromial impingement and development of 
rotator cuff pathology. Radiological acromiocla-
vicular osteoarthrosis is a constant finding in 
patients over 50  years old. MR imaging shows 
subchondral cyst formation, osteophytes, and 
joint effusion, but bone marrow edema in the dis-
tal clavicle and acromion and capsular hypertro-
phy are the only MRI characteristics associated 
with clinical findings (Fig. 7) (Strobel et al. 2003; 
Ernberg and Potter 2003).

3.5  Upper Extremity: Elbow

Long-term osteoarthritis changes secondary to 
repetitive overuse are seen in many throwing ath-
letes. Posterior olecranon osteophytes, osteo-
phytes in the olecranon fossa, coronoid 
osteophytes, loose bodies, and chondromalacia 
may be found.

Chronic stress applied to the elbow is the most 
frequent injury in athletes. Although these enti-
ties have been termed “epicondylitis,” tendon 
changes present fibroblastic proliferation with 
focal hyaline degeneration rather than 
 inflammation; therefore the term tendinosis is 
recommended (see Bakewell et al. 2020).

a b

Fig. 7 (a, b) Small full-thickness supraspinatus tear. (a) 
Ultrasound showing a fluid-filled gap within the supraspi-
natus; the extension into the subacromial bursa is difficult 
to show in only one image due to the oblique course of the 

tear. (b) Coronal FSE fat- suppressed T2-weighted MR 
image shows the small full- thickness supraspinatus tear 
with fluid extending into the subacromial bursa (arrows). 
Note the extensive acromioclavicular degenerative changes
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In throwing sports high valgus stresses are 
placed on the medial aspect of the elbow, and 
involve the pronator teres, flexor carpi radialis, 
and palmaris longus. Lateral “epicondylitis” is 
the most common problem in the athlete’s elbow; 
many of the cases occur in non-tennis players, 
but any sport with overhead arm motion will 
overuse the extensor muscle. The excessive use 
of the wrist extensor musculature is associated 
with lateral “epicondylitis” (tennis, golf, rugby, 
handball) (Fig. 8) (Chung et al. 2004; Campbell 
et al. 2013).

3.6  Upper Extremity: Wrist 
and Hands

Primary osteoarthritis of the wrist is rare. 
Radiocarpal osteoarthritis is usually secondary to 
structural changes that are often precipitated by 
trauma. Traumatic injuries to the wrist are com-
mon in the athletic population. Alterations of bio-
mechanics of the carpal bones of the proximal 
row can lead to the development of radiocarpal 
osteoarthritis (Koh and Dietz 2005). Racquet 
sports aggravate pisotriquetral inflammation 

a

b c

Fig. 8 (a–c) Chronic elbow common extensor tendinosis 
and extensive tear in a 48-year-old female golf player. (a) 
US of the elbow showing tear on the extensor common 
tendon and the color Doppler demonstrating important 

localized Doppler signal. (b, c) Corresponding consecu-
tive coronal FSE T2 fat saturation-weighted image show-
ing the extensive tear (white arrow). Note that the radial 
collateral ligament is normal
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secondary to repetitive wrist flexion and direct 
compression on the joint.

Ulnar-sided pain may be caused by a broad 
spectrum of disorders, mainly secondary to post-
traumatic and overuse syndromes. MRI allows 
detection of abnormal bones, triangular fibrocar-
tilage tears, bone marrow edema, cartilage 
lesions, and extensor carpi ulnaris tendinosis 
(Fig. 9). However determining the clinical rele-
vance is difficult due to high rates of findings in 
asymptomatic patients (Zanetti et  al. 2000; 
Cerezal et al. 2004; Zlatkin and Rosner 2004).

4  Muscle, Ligament, Tendon

Skeletal muscle becomes weaker and smaller and 
flexibility decreases as we age, losing the ability 
to withstand stresses. The slowing of speed and 
decrease in strength in master athletes are consis-
tent with a loss of type II (fast-twitch) muscle 
fibers. Chronic endurance training can delay the 
age of significant decline in peak torque and 
change in muscle morphology characteristics of 
the leg. Several cross-sectional studies 
demonstrated significantly greater muscle mass, 
architecture preservation, and function in 

strength-trained master athletes compared with 
sedentary control participants of similar age. 
However, the increased incidence of muscle inju-
ries in older athletes compared to other adults, 
and slower repair rates, makes training and early 
diagnosis essential (Morley 2000; Hawkins et al. 
2003; Tarpenning et al. 2004).

Among aging athletes muscular strains are 
frequent, especially in the myotendinous junc-
tion. Participation in endurance sports (long- 
distance running) results in muscle fatigue and 
predisposes to injury (Close et  al. 2005; Chen 
et al. 2005).

Repetitive loading and cumulative micro-
trauma to tendons lead to tendinosis. Overuse 
tendon injuries are more common in veteran ath-
letes than in younger athletes. Chronic tendon 
abnormalities can be found in the midsubstance 
of the tendon, the insertion site on the bone, and 
the tenosynovium surrounding the tendon. 
Different types can also coexist within one ten-
don (Puddu et  al. 1976; Maffulli et  al. 1998; 
Alfredson 2005). Tendinosis affecting the inser-
tion site into the bone or enthesis is a common 
type, in particular, supraspinatus, common wrist 
extensor, quadriceps, or patellar tendon 
(Almekinders et al. 2003).

a b

Fig. 9 (a, b) Ulnar impaction syndrome in a 41-year-old 
paddle player with 1-year complaints of ulnar-sided pain. 
(a) Coronal fat-suppressed FSE proton-density MR 
image. (b) Coronal FSE T1-weighted MR image. There is 

a central defect within the triangular fibrocartilage, thin-
ning of the lunate cartilage, and secondary subchondral 
cystic lesions
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Midsubstance locations of most common 
types are Achilles or patellar tendinosis 
(Fig. 10). Although the etiology is not entirely 
clear, degenerative changes are found in most 
ruptured tendons, suggesting that there is a pre-
rupture phase and even a predisposition to rup-
ture (Maffulli and Wong 2003). The onset of 
symptoms is related to a partial rupture or series 
of microruptures in the area of degeneration. 
Middle-aged men who suddenly increase their 

activity after a long period of inactivity seem to 
be most susceptible to developing micro- or par-
tial ruptures within an area of preexisting tendi-
nosis. In runners, the most common cause of 
Achilles tendon injuries is training errors, 
increase in training mileage, change of terrain, 
or increase in interval training.

Ultrasound is less expensive but examiner 
dependent. Undetectable tendon at the site of 
injury, tendon retraction, and posterior acoustic 

a b

c d

Fig. 10 (a–d) Patellar tendinosis in a 37-year-old cyclist. 
(a) Longitudinal US view and (b) corresponding US with 
color Doppler in a different patient with patellar tendon 
partial rupture, demonstrating thickening of the proximal 
patellar tendon with increased Doppler signal related to 
neovascularity. Patellar tendinosis with focal tear in a dif-
ferent patient, 42-year-old football player. (c) Sagittal 

FSE proton-density MR image. (d) Sagittal FSE with fat 
suppression T2-weighted image. Patellar tendon shows 
thickening of the proximal tendon and increase in signal 
intensity with focal area of fluid signal intensity area indi-
cating partial rupture in the posterior insertion (white 
arrow). Note the adjacent edema of the Hoffa’s fat pad 
(star).
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shadowing at the ends of a torn tendon are char-
acteristics that can be used to aid the diagnosis of 
a full-thickness tear (Fig. 11). Tendon thickening 
and areas of high signal intensity on MRI can be 
seen in asymptomatic and symptomatic patients, 
so clinical relevance has to be confirmed (Haims 
et al. 2000; Schepsis et al. 2002).

The role of US or MRI during the tendon- 
healing process is limited. Tendon imaging 
abnormalities may persist even when patients 
have functionally recovered; thus they should not 
be used as a guide to whether or not a patient is fit 
to return to sport (Möller et al. 2002; Khan 2003).

5  Bone Health

There is age-related loss of bone density, increas-
ing bone fragility in men and women (Chen et al. 
2005). Weight-bearing physical activity has ben-
eficial effects on bone health across the age spec-
trum. Exercise and weight-bearing activity have 
been known to prevent the decline in bone den-
sity seen in aging and thus reduce the risk of 
osteoporotic fractures.

The types of load beneficial to bone (resulting 
in osteogenesis) are the dynamic, variable, and 
progressive (assimilated to impact sports). Static 

a b

c d

Fig. 11 (a–d) Full-thickness tear of the Achilles tendon 
in a 40-year-old tennis teacher. (a) Longitudinal US of the 
Achilles tendon in dorsiflexion; (b) longitudinal US of the 
Achilles tendon in plantar flexion; both show full- 
thickness tear with fluid between the two ends. Note the 

increase of size of the rupture that is demonstrated in plan-
tar flexion. (c, d) Corresponding sagittal FSE T2-weighted 
MR image and STIR image show a complete Achilles ten-
don rupture 3–4  cm from its insertion at the calcaneus 
(black arrow)
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exercise loading does not have the same osteo-
genic effect (Burr et al. 2002).

Aerobic non-impact activities, like swimming 
and cycling, would usually lead to a lower BMD 
than impact sports (Guadalupe-Grau et al. 2009). 
However, recent evidence suggests that swim-
ming increases bone turnover which results in 
stronger bone structure and better bone quality 
(Gómez-Bruton et al. 2013).

In competitive male cyclists, low BMD and a 
higher risk of fractures have been demonstrated 
(Nichols and Rauh 2011), and therefore, it is rec-
ommended to combine this activity with plyo-
metric, weight lifting, or high-impact exercises.

Other low-impact exercises, like walking, 
have been seen to improve femoral BMD in post-
menopausal women, but have no generalized 
positive effects on BMD in the spine or other 
locations (Martyn-St James and Carroll 2008; 
Ma et al. 2013).

A recent meta-analysis has shown that high- 
impact exercise training, such as jumping and 
progressive resistance training, enhances bone 
health in postmenopausal women (Zhao et  al. 
2015). Similarly, a relatively recent systematic 
review reports that a program of moderate- to 
high-intensity resistance training, with 3–4 bouts 
of 8–12 repetitions, performed 2–3 times a week 
has been proven to maintain or improve BMD of 
the femur in postmenopausal women (Zehnacker 
and Bemis-Dougherty 2007).

Early postmenopause is a critical time for loss 
of muscular strength and bone mass in woman. 
Moreover, female athletes involved in intensive 
training since childhood are at especially high 
risk for developing osteoporosis because many 
experienced delayed menarche, oligomenorrhea, 
or secondary amenorrhea related to their training 
and diet. Thus, osteoporosis treatment may be 
indicated even in female master athletes (Ireland 
and Ott 2004; Kohrt et  al. 2004). Recently, a 
shift from treating osteoporosis with drugs to 
preventing falls with PA has been proposed. 
Osteoporotic fractures tend to be the result of 
falls, and PA decreases the risk of falls. In this 

sense, it is more effective than the use of drugs, 
which have no effect on falls (with the exception 
of high doses of vitamin D (Bischoff-Ferrari 
et  al. 2004). It has been estimated that using a 
dual-energy X-ray absorptiometry (DXA) T 
score of −2.5 to start treatment, the cost of pre-
venting one vertebral fracture is approximately 
30,000 USD, and even in most cases, this will 
still occur (Järvinen et al. 2008).

Preserving muscle quality and quantity and 
improving balance reduce the risk of falls and 
fractures, but insufficiency stress fracture inci-
dence increases with aging; therefore moderation 
is critical for injury avoidance (Hill 2001).

Stress fractures represent the response of nor-
mal or abnormal bone to repetitive cyclic load-
ing. The cause of stress fractures changes with 
aging; fatigue stress fractures are more frequently 
encountered in young athletes, while older ath-
letes develop insufficiency stress fractures. In 
younger athletes coordination of muscle action is 
impaired due to fatigue, but muscle strength and 
rapid forceful muscle contraction remain; there-
fore postfatigue impact loading is increased. On 
the other hand, the loss of muscle strength and 
endurance with age prevent forceful muscle con-
traction following fatigue. This may be the cause 
of the difference in fatigue stress fractures rates 
between younger and older individuals (Fyhrie 
et  al. 1998). However the normal decrease of 
bone mineral density increases the risk of 
fracture.

Clinical symptoms are nonspecific and there-
fore diagnosis is not suspected in many cases. 
Radiologists must be aware of stress insuffi-
ciency fractures, particularly when a patient over 
50 starts a new training regimen. The location, 
distribution, and associated findings are the clues 
for the diagnosis. MRI is an excellent tool for 
diagnosis (see Lefere et al. 2021). Characteristic 
imaging findings may allow accurate diagnosis, 
avoid inappropriate studies, and allow start of 
early treatment (Daffner and Pavlov 1992; Peh 
et al. 1996; Hosono et al. 1997; Chowchuen and 
Resnick 1998; Chen et al. 2005).
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6  Sports After Total Joint 
Replacement

The implant designs and surgical advances in 
joint replacement have allowed patients to return 
to functional activities. Today it is not uncommon 
for patients to remain athletically active after 
total joint replacement. Most patients pursue 
lower intensity and lower impact activities (golf, 
walking, swimming, etc.). However, an increas-
ing number of master athletes performing 
intermediate- intensity and -impact sports (skiing, 
tennis, running) are seen and have higher injury 
rates. High-impact loading sports, such as foot-
ball, soccer, or basketball, are not recommended 
due to the probability of injury. Sports participa-
tion increases the risk of traumatic complica-
tions, such as dislocation, implant failure, or 
periprosthetic fracture (Clifford and Mallon 
2005; Chen et al. 2005).

7  Sarcopenia

Skeletal muscle accounts for approximately 
40–45% of body mass and plays a vital role in 
health and disease through its effects on energy 
metabolism, glucose utilization, and physical 
function. Skeletal muscle is a remarkably plastic 
tissue, which continuously adapts to physiologi-
cal and pathological conditions. The most power-
ful modulators of the skeletal muscle phenotype 
are contraction and load, experienced during 
endurance and resistance exercise, whereas skel-
etal muscle loss is exacerbated by injury, illness, 
disuse, insufficient nutrient intake, and aging. 
This dramatic ability of skeletal muscle to adapt 
to various stimuli and its connection to morbidity 
and mortality make it the focus of investigation in 
frailty, cachexia, sarcopenia, and metabolism- 
related research (Baracos and Kazemi-Bajestani 
2013; Keevil and Romero-Ortuno 2015).

The retention and maintenance of muscle and 
muscle function are coming under increasing 
scrutiny in our aging society because of the loom-

ing epidemic of sarcopenia and the financial and 
social impact that this will have. However, the dis-
cussion around the diagnosis and prevalence on 
sarcopenia is centered on the elderly (Bruyère 
et al. 2016). Sarcopenia is a well-known concept 
in geriatric medicine (Dawson and Dennison  
2016). It is defined by the European Working 
Group on Sarcopenia in Older People (EWGSOP) 
as a progressive and generalized muscle loss with 
decline in muscle mass and muscle function 
(either low strength or performance) (Cruz-Jentoft 
et  al. 2010), and is accompanied by histologic 
changes, including intermuscular fat accumula-
tion, fibrosis, selective atrophy of type II fibers, 
and perfusion changes that lead to deterioration in 
muscle force generation (Lexell et  al. 1983; 
Korhonen et al. 2006; Alnaqeeb et al. 1984).

7.1  Epidemiology

The European Working Group on Sarcopenia in 
Older People (EWGSOP) has suggested a 
 conceptual staging system that progresses from 
“presarcopenia” (low muscle mass only) and 
“sarcopenia” (low muscle mass with low muscle 
strength or low physical performance) to “severe 
sarcopenia” (low muscle mass with low muscle 
strength and low physical performance) (Cruz- 
Jentoft et  al. 2010). Currently, it affects more 
than 50 million people and the condition will 
affect more than 250 million people in the next 
40  years. Thus, the EWGSOP suggests that 
elderly people should be screened routinely in 
communities.

The negative effects of sarcopenia have been 
amply demonstrated and include physical impair-
ment, a greater risk of falls and fractures, disabil-
ity, limited self-sufficiency in activities of daily 
living, a higher incidence of hospitalizations, and 
higher mortality (Roubenoff 2000). As a result of 
these effects and of the increasing prevalence of 
sarcopenia in the elderly, 1.5% of the total health-
care expenditure in the United States has been 
attributed to sarcopenia (Janssen et al. 2002).

The Aging Athlete



744

7.2  Histology

Imaging muscle mass has become more impor-
tant in recent years for the diagnosis and staging. 
The loss of muscle mass is accompanied by qual-
itative changes in muscle fibers, particularly 
involving a reduction in the size of type II (fast- 
twitch) fibers and, to a lesser degree, of type I 
(slow-twitch) fibers.

Another qualitative change occurring in mus-
cle mass with aging involves development of 
myosteatosis, the process of increased uptake of 
lipids by muscle adipocytes, which are located in 
the deep fascia of the muscle (Goodpaster et al.  
2001), which seems to increase the risk of mobil-
ity impairment in older people (Visser et  al. 
2005). This phenomenon mainly affects older 
women with an increasing proportion of fat mass 
in their body composition (Coin et al. 2008), and 
individuals who are obese—hence the term “sar-
copenic obesity” is used to define the combina-
tion of sarcopenia and obesity in the elderly 
(Stenholm et al. 2008). There are three types of 
myosteatosis: lipid depositions between muscle 
groups (intermuscular lipids), lipid depositions 
between the myocytes (intramuscular lipids), and 
lipid depositions within the myocytes (intramyo-
cellular lipids) (Fig. 12).

7.3  Imaging Techniques

Thus, accurate measurements of muscle mass, 
size, and composition are critically important. 
There are several methods to measure muscle 
mass, such as ultrasound (US), computed tomog-
raphy (CT), magnetic resonance imaging (MRI), 
and DXA.

7.3.1  Muscle Mass
MRI and CT are known as the gold standards for 
measuring skeletal muscle mass and have been 
used primarily for basic or clinical research stud-
ies. However, these methods are limited because 
they are expensive and not portable, and CT 
involves exposure to radiation.

DXA has been widely and commonly used in 
the diagnosis of sarcopenia. Despite the minimal 

radiation exposure from DXA, it is difficult to 
use in community-wide screenings of sarcopenia. 
DXA-specific measurements of lean mass (LM) 
include several parameters. Among them, the 
appendicular lean mass index (ALMI) is of clini-
cal significance, because the maintenance of 
appendicular skeletal muscle is critical in the 
preservation of mobility and functional indepen-
dence (with an impact on mobility) (Janssen et al. 
2004). The International Society for Clinical 
Densitometry (ISCD) suggests that lean mass 
status could be defined using ALMI Z-scores, but 
the threshold for the definition of low LM is yet 
to be set and validated—therefore, the definition 
of “healthy status” is still unclear (Shepherd et al. 
2013). In addition, DXA is not portable.

Sonographic measurements of muscle size 
have been significantly associated with strength 
(Strasser et al. 2013). US images have been used 
to measure both CSA and volume, with inter- and 
intrareader reliability similar to that for MRI 
(Gould et  al. 2019). Total skeletal muscle mass 
may be estimated using sonographically 
 measured muscle thickness, with a strong corre-
lation with both MRI (R2  =  0.94) and DXA 
(R2 = 0.95).

7.3.2  Muscle Quality
Previous studies have assessed the quality of 
skeletal muscle using CT, MRI, and/or US (Kent- 
Braun et  al. 2000; Goodpaster et  al. 2001). 
Goodpaster et al. 2001, in an assessment of mus-
cle quality using CT, showed a reduced attenua-
tion coefficient caused by augmented fat 
infiltration (Goodpaster et  al. 2001). They 
reported that low CT attenuation values for mus-
cle were associated with lower muscle strength in 
elderly adults (>65 years old) and that the asso-
ciation between CT attenuation value and muscle 
strength was independent of muscle size.

Recently, advanced quantitative magnetic res-
onance (MR) imaging techniques targeting dif-
ferent muscle components have shown promising 
results for evaluating skeletal muscles by over-
coming limitations in visual assessment based on 
gross morphologic and signal intensity changes. 
With quantitative MR imaging-derived parame-
ters, noninvasive characterization of changes 
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occurring at cellular or fascicular levels of the 
muscle is possible, providing information about 
cellularity and changes in microstructure (Agten 

et al. 2016; Yoon et al. 2018). These quantitative 
MR imaging techniques include diffusion- 
weighted imaging (DWI), diffusion tensor 

a

b

c

Fig. 12 (a–c) Dixon 2.0 cross-sectional images (water 
suppression) obtained in mid-muscle in (a) a frail 78-year- 
old woman and (b) non-frail 76-year-old woman. The 
images show diminished muscle mass relative to subcuta-
neous fat and mild fatty infiltration of muscles in the 

patient (b). (c) Segmented parametric MRI image (pink: 
subcutaneous adipose tissue; yellow: intermuscular adi-
pose tissue; dark gray: muscle tissue). MRI fat fraction 
provides quantitative marker of muscle quality and fat 
content

The Aging Athlete
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imaging (DTI), and 2.0 or multiecho Dixon 
water-fat imaging. Measurement of the muscle’s 
anisotropic microstructure can be derived from 
DTI (Zaraiskaya et al. 2006). 2.0 and multiecho 
Dixon imaging allows quantification of fat infil-
tration, with larger volume coverage than with 
single- voxel MR spectroscopy.

The quality of skeletal muscle, however, can 
also be evaluated using noninvasive, easily acces-
sible, and safe ultrasonography (US) imaging.

Muscle thickness, cross-sectional area (CSA), 
echo intensity, fascicle length, and pennation 
angle of the lower limbs are the parameters most 
commonly evaluated by ultrasound examination; 
in pennate muscles, the pennation angle (angle 
formed at the attachment site of the fibers into 
deep and superficial aponeurosis) can be evalu-
ated in static and dynamic conditions and pro-
vides information about mechanical and 
contractile proprieties. All of these parameters 
are affected by aging to a different extent but 
need to be further validated. The large majority 
of the available studies have been conducted 
with small samples, in healthy patients. As a 
result, no validated site-specific cutoff points for 
the ultrasound- based assessment of low muscle 
mass in aging patients exist (Narici et al. 2016, 
Ticinesi et al. 2017).

8  Conclusions

Gaining the benefits of participation in athletics 
while minimizing the risk of injuries requires 
understanding of the relationship between sports 
participation and injury, and the relationship 
between injury and joint degeneration. It is essen-
tial for radiologists to differentiate radiological 
age-related changes from pathological injuries. 
Knowledge of the spectrum of injuries in the 
aging athlete will allow correct diagnosis and 
early return to athletic activity.

Things to Remember
 1. The risk of development of osteoarthritis 

depends on the load bearing and impact 
distribution, therefore higher loading sports 
increase hip and knee osteoarthritis 

WHEREAS throwing and overhead sports 
predispose to degenerative changes at the 
upper limb.

 2. Due to the high prevalence of degenerative 
changes in asymptomatic patients, radiologi-
cal findings must be carefully correlated with 
clinical presentation, trying to differentiate 
“normal changes” from pathological aging.

 3. Older athletes experience a lower incidence 
of acute traumatic injuries, and commonly 
their injuries are related to overuse and 
repetitive microtrauma. Tendinosis of the 
rotator cuff, elbow, wrist tendons, Achilles, 
or patellar tendons is more frequent among 
aging athletes.

 4. High-impact loading results in cartilage 
microtrauma and degeneration of the weight- 
bearing joints. Previous injury or injury may 
exacerbate this effect.

Imaging Technique Boxes
Radiography

 1. Late-stage imaging method for osteoar-
throsis and not always correlation with 
pain

 2. Limited value in internal joint disease
 3. Not indicated for muscle or tendon 

disease
 4. Late imaging method for stress frac-

tures; radiological pattern (linear scle-
rosis perpendicular to the major 
trabecular lines) and specific location 
(pubic rami, femoral neck, metatarsal 
bones) are the clues to the diagnosis; 
may be normal, inability to show sacral 
fractures

Ultrasound

 1. Imaging-guided percutaneous technique
 2. Excellent tool for assessing the superfi-

cial soft tissues, muscles, and tendons
 3. Quick, cheap, and available, but opera-

tor dependent
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Abstract
Musculoskeletal injuries are common in elite 
athletes of highly competitive sports and 
among recreational or “weekend” athletes. 
Delay in diagnosis could lead to improper 
treatment and development of complications. 
Imaging with plain radiographs, CT, MR 
imaging, and scintigraphy provides valuable 
information which allows an early diagnosis. 
The requests for MR imaging in patients with 
sports-related injuries are increasing 
because of its superb contrast resolution. 
Ultrasonography is a reliable diagnostic 
modality for imaging sports-related injuries, 
with wide availability and relatively low cost, 
more efficient though for soft tissues rather 
than osseous structures. Each modality has 
advantages and limitations in imaging frac-
tures and microfractures in athletes. 
Knowledge of their natural history will aid in 
understanding the significance of imaging in 
both diagnosis and treatment planning. 
Monitoring of the above injuries is meaning-
ful only when imaging data will alter patient’s 
management.

1  Introduction

Over the last three decades there has been an 
increasing number of people participating in rec-
reational or organized sporting activities. Sports 
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injuries represent 4–9% of attendances of acci-
dent and emergency departments. The annual 
healthcare expenditure in the USA has been esti-
mated to be $680 million (Burt and Overpeck 
2001). Musculoskeletal injuries are common both 
in elite athletes of highly competitive sports and 
among recreational or “weekend” athletes. Delay 
in diagnosis could lead to improper treatment and 
development of complications. Imaging with 
plain radiographs, computed tomography (CT), 
magnetic resonance imaging (MRI), and scintig-
raphy provides valuable information which results 
in an early diagnosis (Overdeck and Palmer 
2004). The requests for MRI in patients with 
sports-related injuries are increasing (Livstone 
et  al. 2002). Ultrasonography is a reliable diag-
nostic modality for imaging sports- related inju-
ries, with wide availability and relatively low cost, 
more efficient though for soft tissues rather than 
osseous structures (Torriani and Kattapuram 
2003; Sofka 2004). Each modality has advantages 
and limitations in imaging fractures and micro-
fractures in athletes. Knowledge of the natural 
history of sports-related fractures and microfrac-
tures will aid in understanding the significance of 
imaging. Monitoring of the above injuries is 
meaningful only when the imaging diagnosis will 
alter patient’s management.

2  Fractures

2.1  Osseous Fractures

A fracture is defined as a disruption in the conti-
nuity of cortical bone. With an estimated six mil-
lion fractures occurring annually in the USA and 
a 5–10% of them complicated with nonunion, it 
is obvious that management of patients with frac-
tures is of major importance in any national 
health system (Einhorn 1995).

Sports-related fractures occur in children 
older than 10 years and in young adults partici-
pating in highly competitive sports. Different 
kinds of athletic activities are often associated 
with fractures at specific locations, i.e., scaphoid 
in football, hook of the hamate in golf and base-
ball, lateral process of the talus in snowboard, 
tibia in children in skiing, vertebral transverse 
process in football and hockey, proximal fibula 
(Maisonneuve fracture) following twisting inju-
ries in any sport, maxillofacial in football, fore-
arm and ankle in skateboarding, and distal radius 
in football and skiing. The occurrence of a frac-
ture may influence the athlete’s future further 
career. Lawson et  al. (1995) reported that only 
72.5% of athletes with distal radial fracture 
returned to their previous level of competition.

The main clinical concerns with regard to a frac-
tured bone refer to normal or abnormal healing, 
complete or incomplete healing, and timing for its 
safe use with regard to specific sport and level of 
activity. In general, fractures of the long bones in 
athletes correlate to the type of sport activity and 
heal in the same way as in every healthy subject. In 
a young injured athlete, the interpreter of plain films 
should always exclude a preexisting lesion which 
might predispose to a pathologic fracture.

2.1.1  Natural History
Bone healing occurs in three stages: (1) inflam-
matory, (2) reparative, and (3) remodeling of the 
bone to normal or near-normal shape (Crues and 
Dumont 1975; Frost 1989a, b; Harwood et  al. 
2010). These phases comprise, respectively, 10%, 
40%, and 70% of the fracture union period, sig-
nificantly overlapping each other. The inflamma-
tory phase peaks at 2–3 weeks after injury and is 

Box 1: Plain Radiographs
• Initial imaging for fractures and avulsions.
• Two views are needed for long bones.
• Evaluation of fracture healing.
• Exclusion of preexisting osseous lesion 

in young athletes.
• Limited accuracy in depicting 

microfractures.

Box 2: MRI
• Method of choice for soft tissues and 

bone marrow injuries.
• Diagnosis and grading of stress and 

osteochondral injuries.
• Monitoring physeal injuries and occult 

fractures.
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defined radiographically by a loss of fracture line 
definition due to the locally increased osteoclas-
tic activity (Islam et  al. 2000). The reparative 
phase consists of vascular dilatation, neovascular 
proliferation, and collagen production. The 
remodeling phase is characterized by periosteal 
and endosteal calcium deposition and growth of 
new osteoid tissue. Remodeling in the growing 
skeleton is able to correct deformities if (a) the 
fracture is close to the end of a long bone, (b) the 
deformity parallels the movement plane of the 
nearest joint, or (c) 2 or more years of growth 
remains in the injured patient. Remodeling is not 
able to correct (a) intra-articular fractures with 
displacement, (b) significantly displaced or 
rotated diaphyseal fractures, and (c) displaced 
fractures with growth plate involvement at right 
angles. Nonunion is defined as the fracture which 
shows no signs of healing for at least 3 months 
and persists for a minimum of 9 months (Borges 
et  al. 2020). History of smoking, diabetes, and 
nonsteroid anti-inflammatory drugs and the pres-
ence of open fracture and specific anatomical 
location (scaphoid, tibia) increase the risk of non-
union (Tzioupis and Giannoudis 2007). However, 
there is no standard clinical test to evaluate frac-
ture healing (Cunningham et al. 2017) and thus 
imaging plays an important role in patient man-
agement. Elderly female patients with low estro-
gen levels and patients with metabolic and 
endocrine abnormalities may show reduced 
capacity for fracture healing (Calori et al. 2007). 
Growth plate injuries with associated epiphyseal 
or metaphyseal fractures have been classified by 
Salter and Harris (1963). This radiographic clas-
sification highly correlates with the morbidity of 
these injuries. For type II Salter-Harris fractures, 
return to sports is possible in 12 weeks, whereas 
for types III and IV, sports-related loading of the 
lower extremity joints is sustained for at least 
6 months (Stanitski 1998a).

2.1.2  Monitoring
The question of return to full athletic or any kind 
of normal activities should be individualized 
(i.e., type of fracture, age, specific sport activity, 
occupation, lifestyle) and decision should be 
based on clinical criteria. For instance, for clini-

cal union of a clavicular fracture in an adult, a 
period of 3–4  weeks is required, whereas for a 
femoral shaft fracture that period would extend to 
12–14 weeks (Heppenstall 1980).

Plain radiographs are able to demonstrate the 
normal healing process of the long-bone frac-
tures and remain the mainstay of its evaluation 
(Figs. 1, 2, 3, 4, and 5). Early radiological signs 
of repair include blurring of the opposing frac-
ture surfaces, widening of the fracture line, and 
peripheral callus formation. In a fracture less 
than 5–7 days old the well-defined fracture line is 
seen. In a fracture between 2 and 3 weeks old, 
callus formation close to but separate from the 
cortex is noted. By 3–4 weeks the separated osse-
ous surfaces start to bridge and the fracture line is 
not well defined. In most patients, a widened 
fracture gap corresponds to bone resorption and 
is obvious radiographically at 3–6 weeks (Fig. 2). 
A fracture with marginal sclerosis and callus still 
separable from cortex is probably between 3 and 
11  weeks old. A fracture with periosteal new 
bone inseparable from the cortex is usually older 
than 6  weeks (Heppenstall 1980). A partial or 
whole bridge at the fracture site is expected 
radiographically at about 10 weeks or more after 
injury where the callus reaches its peak (Islam 
et  al. 2000). The remodeling stage lasts from 
3  months to 2  years and is faster in children 
(Chapman 1992). Radiological criteria for frac-
ture healing include demonstration of solid callus 
and trabecular bone bridging the fracture site. 
Fracture union is established (a) radiologically 
when there is continuous external bridging callus 
across the fracture line seen in two orthogonal 
radiographic projections and (b) clinically when 
there is no pain or motion at the fractured bones 
(Heppenstall 1980). Since there is concern that 
radiographic definition of union is not very reli-
able, two radiographic scoring systems for the 
hip (RUSH) and the tibia (RUST), respectively, 
have been shown to increase the agreement 
among observers in assessing healing (Whelan 
et al. 2010; Chiavaras et al. 2013).

Plain radiographs cannot be considered as a 
valid imaging investigation for detecting occult 
fractures of the scaphoid (Low and Raby 2005). 
Avascular necrosis is a common complication of 
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these fractures. Delayed diagnosis may contrib-
ute to such a complication (Fig. 6).

Physeal fractures, particularly Salter-Harris 
IV and V, have increased risk for growth arrest 
and poor prognosis. MRI is the method of choice 
for demonstrating the physeal bar (Fig. 7). If no 
deformity is depicted at a 2-year follow-up, 
growth arrest is rather unlikely.

In general, computed tomography (CT) is 
superior to plain radiographs in the assessment 
of normal healing of fractures. Advances in 
software allow optimization of the scanning 
technique for reducing the metallic artifacts 
(Krestan et  al. 2006). The increased radiation 
though limits its use in clinically questionable 
cases.

Although ultrasonography was considered for 
decades as totally unable to assess the osseous 
structures, it is now accepted as capable of detect-
ing and evaluating callus formation in fractures 
(Nicholson et al. 2019). Its low cost, wide avail-
ability, and lack of radiation will enhance its role 
in fracture assessment.

Virtual stress testing is a new technique assess-
ing and grading fracture union by use of finite 
element analysis, based on CT data (Petfield 
et al. 2017; Dailey et al. 2019).

Despite the development of newer techniques 
and advanced imaging tools, the clinical exami-
nation remains the primary method of depicting 
fracture union as shown with the capability for 
full weight bearing.

Fig. 1 7-Year-old male with slightly displaced fracture of 
the distal tibia and fibula during skiing (left). In 8 weeks 
after casting, periosteal reaction is obvious and early 
bridging of the fracture sites with diminished definition of 

the fracture line (middle). Complete bridging of the frac-
ture sites occurs at 12 weeks with mature callus formation 
(arrows, right)
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a b c

Fig. 2 (a–c) Fracture of the proximal radial metaphysis 
after fall during tennis playing, treated conservatively 
with casting. (a) The fracture is demonstrated as a lucent 
thin line without any displacement (arrow) extending to 
the growth plate (Salter-Harris II lesion). (b) In a 4-week 
period, the fracture line looks widened (black arrow) and 

callus formation separate from the cortex has developed 
(white arrow). (c) Eight weeks after fracture, there is still 
some discontinuity of the cortex (arrow) but both the cal-
lus and the fracture line are not seen, in keeping with 
healing

a b c

Fig. 3 (a–c) Fracture of the fifth metacarpal diaphysis 
during karate. (a) The fracture is horizontal involving the 
cortex bilaterally and is associated with displacement and 
angulation (arrow). (b) Ten weeks after external fixation, 

there is neither remarkable periosteal reaction nor fracture 
bridging (arrow). (c) Sixteen weeks postoperatively, the 
fracture has completely healed (arrow) and the fixation 
was removed
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da b

e f

c

Fig. 4 (a) Initial AP and (b) lateral radiographs in a 
19-year-old male showing the complete and markedly dis-
placed fractures of the tibia and fibula (arrows). (c) 
Postoperative AP and (d) lateral radiographs following 
reduction and external fixation 2 days after the accident. 

(e) The AP and f lateral radiographs 14 months after the 
operation show a very good result with callus formation in 
both bones, new bone formation filling the gaps of the 
fractures, and restoration of the alignment
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a cb

d e

Fig. 5 (a) AP and (b) lateral radiographs in a 26-year-old 
male patient following motor vehicle accident, showing 
the complete oblique comminuted fracture of the tibia 
(arrows). (c) Postoperative radiograph shows the fracture 

reduction and restoration of the alignment as well as the 
external fixation; (d) AP and (e) lateral radiographs 
18 months after the accident show complete healing with 
callus formation and restoration of the alignment
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2.2  Avulsion Fractures

Avulsion fractures occur during sports activities, 
are the result of failure of the apophysis, and thus 

are more common in adolescents than in adults, 
because of the inherent weakness of the growing 
skeleton apophysis (Zarins and Cuillo 1983). 
Diagnosis can be difficult in children before for-
mation of the secondary ossification centers 
(Shiller et  al. 2017). Usually there is a definite 
history of injury. There are cases though where 
the athlete does not disclose a history of a single 
traumatic event. Therefore, radiographic findings 
without the appropriate history might be confus-
ing and lead to further imaging, biopsy, and an 
incorrect clinical diagnosis (Brandser et  al. 
1995). Patients with acute injuries present with 
severe pain and loss of function (El-Khoury et al. 
1997). Chronic avulsion injuries result from 
repetitive microtrauma or overuse and usually 
occur during organized sports activities (Micheli 
and Fehlandt Jr. 1992). Multiple avulsions may 
be seen in different stages of healing. 
Cheerleaders, sprinters, and gymnasts as well as 
football, baseball, and track athletes are  especially 
prone to avulsion injuries (Tehranzadeh 1987; 
Brandser et al. 1995).

Avulsion fractures are diagnosed with plain 
radiographs in the context of a reliable and infor-
mative history. Avulsions in the healing process 
may demonstrate radiographic characteristics of 
an aggressive lesion. Chronic avulsion injuries 
may frequently show bone formation (Fig.  8). 
MRI is generally not required for the evaluation 
of avulsion per se, as its main usefulness is the 
evaluation of associated muscular, tendinous, and 
ligamentous disorders. Ultrasonography may 
play a role both for the initial diagnosis and for 
assessing healing. Its value however is limited by 
its inability to image deeply located structures 
such as the hamstring insertion.

2.2.1  Natural History
Avulsion injuries of the greater tuberosity of the 
humerus are rare lesions and occur in high-energy 
contact sports such as rugby. These may be occult 
on initial radiographs and detected at MRI 
(Zanetti et al. 1999) (Fig. 9). An anterior disloca-
tion of the shoulder may be an associated injury. 
Clinical examination alone is not able to distin-
guish these injuries from rotator cuff tears. 
Incomplete avulsion injuries can result either 
from a single traumatic event or from overuse 

Fig. 6 Scaphoid fracture in a 23-year-old male secondary 
to ball contact during a basketball competitive game 
40  days ago. Persistent pain during training and rest 
forced the patient to seek medical care. MDCT reveals a 
fracture of the scaphoid waist (thin arrow) without any 
periosteal reaction. The proximal pole of the scaphoid is 
hyperdense compared to surrounding bones (thick arrow) 
suggesting nonunion and early avascular necrosis. A 
“cyst”-like change is obvious in the nonunion site

Fig. 7 Ten-year-old girl with a previous Salter-Harris 
fracture (III in tibia and I in fibula) during waterskiing 
18 months ago. The postoperative plain film (left) shows 
focal sclerosis and growth plate deformity (black arrow). 
The coronal 2D multi-echo gradient echo MR image 
(right) shows directly the bone bar as a low-signal- 
intensity zone replacing the cartilage (white arrow)

A. H. Karantanas



763

activity. Imaging is important since rotator cuff 
tears require surgical treatment whereas non- 
displaced avulsion fractures can heal by immobi-
lization alone. Avulsion injuries of the lesser 
tuberosity of the humerus are rare and occur 
 during wrestling and similar sports. The avulsed 
fragment may be obvious on plain radiographs or 

may be erroneously diagnosed as calcific tendini-
tis secondary to hydroxyapatite deposition 
disease.

The most common site of avulsion injuries in 
the pelvis is the ischial tuberosity where the ham-
string muscles are inserted. The above injury is 
observed in runners or dancers (Metzmaker and 

a b

Fig. 8 (a, b) 12-Year-old male participating in organized 
football activities (junior’s football academy) with pain 
during the last 3 months over the right anterior and lower 
pelvis. There was no history of contact or other injury. (a) 
Contrast-enhanced fat-suppressed T1-weighted MR 

image demonstrates diffuse bone marrow enhancement. 
There is also periosteal enhancement (arrow). (b) CT 
image shows the typical fragmentation of the ossifying 
subacute avulsion injury of the anterior inferior iliac spine 
(arrows)

Fig. 9 Occult avulsion injury of the greater tuberosity. 
Oblique coronal fat-suppressed T2-weighted MR image 
(left) shows the fracture line (thick arrow) with partial 
healing caudally. There is also reactive effusion in the sub-

acromial bursa (thin arrow). The oblique coronal 
T1-weighted MR image (right) shows the fracture line 
(black arrow) and normal marrow in the most caudal part 
of the lesion
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Pappas 1985). If the radiologically obvious frag-
ment is displaced more than 2 cm, fibrous union 
with associated disability may occur. Avulsion 
injuries of the anterior superior iliac spine occur 
in sprinters and usually heal without any sequelae 
after rest. Avulsion injuries of the anterior infe-
rior iliac spine are less common. Athletes with 
the latter injuries may fully start their activities in 
about 5–6 weeks. Avulsion injuries in the sym-
physis pubis and inferior pubic ramus usually 
result from chronic overuse and are rarely acute 
following contact sports. These injuries are not 
obvious on plain radiographs because osseous 
fragments are not usually seen. MRI can be diag-
nostic as it demonstrates bone marrow changes 
on fat-suppressed images in the pubic bones, but 
it does not have any impact on treatment. The 
chronic form of this injury may simulate infec-
tion or Ewing’s sarcoma. Avulsion of the greater 
trochanter of the femur can be minimally dis-
placed and thus plain radiographs may be nega-
tive. These lesions in the middle-aged and elderly 
patients should raise the suspicion of metastatic 
disease or renal osteodystrophy.

Avulsion injuries around the knee include the 
Segond fracture, fibular head avulsion, Gerdy’s 
tubercle avulsion, avulsion of the tibial emi-
nence, and avulsion of the posterior cruciate liga-
ment at the tibial insertion. Osgood-Schlatter 
disease represents a chronic avulsion injury 
resulting from repetitive microtrauma at the 
insertion site of the patellar tendon. Sports related 
to this disorder include tennis, soccer, and jump-
ing. Acute avulsion injuries of the tibial tubercle 
are rare and commonly occur in athletes, usually 
in basketball often superimposed on a preexist-
ing Osgood-Schlatter. In this case, the fracture 
pattern determines return to sports ranging from 
2 to 6 months (Stanitski 1998b). Chronic avul-
sion in young adults on a preexisting Osgood- 
Schlatter is known as “unresolved” and typically 
shows bone marrow edema together with 
retropatellar bursitis and surrounding soft-tissue 
edema (Fig. 10).

2.2.2  Monitoring
Plain radiographs are generally sufficient for the 
diagnosis and follow-up of avulsion injuries. 

MRI is not recommended because it may demon-
strate extensive soft-tissue and bone marrow 
edema, misinterpreted as an aggressive lesion. 
When symptoms persist despite treatment, fol-
low- up radiographs are required for assessing 
possible significant displacement.

Subacute injuries may have an aggressive 
radiographic appearance due to coexistence of 
mixed lytic and sclerotic areas. Chronic or old 
inactive injuries may be associated with an osse-
ous mass, simulating a neoplastic or infectious 
process. In case of equivocal plain radiographic 
findings or when the injury is not in the acute 
phase, CT might provide the correct diagnosis.

2.3  Osteochondral Lesions 
and Focal Osseous 
Indentations

Osteochondral fractures are intra-articular frac-
tures involving both the articular cartilage and the 
bone. These fractures may be acute or chronic. 
The latter, also known as osteochondritis disse-
cans, can be caused by repetitive microinjuries. 
Osteochondritis dissecans is demonstrated on 
plain radiographs as an oval radiolucency of the 
articular surface, which may contain a central 
bony fragment. About 70% of acute osteochon-
dral fractures will be diagnosed correctly by plain 
radiography (Pettine and Morrey 1987) and most 
of them with CT (Anderson et al. 1989). However, 
MRI is the method of choice for assessing these 
injuries since it can better depict the articular car-
tilage as well as the subchondral bone (Bohndorf 
1999).

2.3.1  Natural History
Acute osteochondral lesions consist of abnormal-
ities of the subchondral bone marrow, subchon-
dral bone, and articular cartilage. They are 
commonly found at the knee, associated with 
anterior cruciate ligament ruptures (Rosen et al. 
1991) (Fig. 11), and at the talar dome, associated 
with ankle sprains (Shea and Manoli II 1993; 
Stone 1996). Osteochondral lesions of the talus 
are often missed initially because many athletes 
with “ankle sprains” are not treated by specialists. 
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The most widely accepted classification applied 
in both radiology and arthroscopy practice is the 
one suggested by Berndt and Harty (1959). This 
staging schema, though, is limited by the inabil-
ity to predict prognosis and guide treatment. 
Lesions with flattening on clinical presentation 
are considered clinically stable, whereas lesions 
with fragments are unstable (Takahara et  al. 
2000). MRI is useful in demonstrating instability 
of the lesion by depicting fluid signal and/or cys-
tic changes at its deep margin (De Smet et  al. 
1996). MR arthrography can be useful when 
development of granulation tissue in the deep 
surface may simulate fluid and may lead to an 
erroneous diagnosis of an unstable lesion. On 
conventional MRI the presence of fatty marrow 
and contrast enhancement suggests viability of 

the fragment (Linklater 2004). Activity of the 
lesion with potential further progression and dis-
placement is suggested by the presence of sur-
rounding bone marrow edema, the extent of 
which correlates closely to the degree of clinical 
symptoms (Morrison 2003) (Fig.  12). Stable 
osteochondral lesions in patients with open 
 physes are usually treated with rest and splinting, 
whereas unstable lesions are treated surgically. It 
has been shown that minimally symptomatic 
osteochondral lesions of talus do not progress 
over time with nonoperative treatment (Klammer 
et al. 2015). The surgical options include drilling, 
fixation or debridement of the fragment, and per-
formance of autologous osteochondral transfer, 
autologous chondrocyte implantation, or osteo-
chondral allografting (Peterson et al. 2000; Rubin 

ca

b

Fig. 10 Unresolved Osgood-Schlatter disease in a 
25-year-old male (a, b) and 20-year-old male (c) volley-
ball athletes. (a, c) Sagittal fat-suppressed PD-w and (b) 
axial fat-suppressed PD-w MR images showing the 
avulsed bone (thin arrows), bone marrow edema within 
the avulsed fragment (open arrow in a), reactive bone 

marrow edema in the anterior tibia (long thin arrow), pre-
patellar bursitis, and retropatellar bursitis (arrowheads). 
Bone marrow edema in the lower pole of the patella and 
edema within the superior Hoffa’s fat pad are also shown 
in a, suggesting abnormal friction upon the trochlea
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et  al. 2000). Traumatic osteochondral lesions 
have to be differentiated from subchondral insuf-
ficiency fractures, avascular necrosis, and 
osteoarthritis- related osteochondral  abnormalities 
(Gorbachova et  al. 2018). The pattern of the 

lesion on MRI, the patient’s demographics, and 
the clinical presentation allow in most of the 
cases the correct diagnosis.

Extra-articular focal osseous indentations 
commonly occur in shoulder instability and dis-

a

b

c

Fig. 11 (a–c) A 44-year-old male with a football injury 
3 weeks prior to imaging. (a) Coronal and (b) sagittal fat- 
suppressed PD-w MR images showing the bone marrow 
edema (arrowheads) and the abnormal signal intensity of 

the corresponding articular cartilage (thin arrows). The 
sagittal PD-w MR image shows to better advantage the 
articular cartilage disruption with delamination (open 
arrow)

ba

Fig. 12 (a, b) Active osteochondral lesion in a 46-year- 
old weekend athlete. (a) The fat-suppressed MR image in 
the sagittal plane shows an osteochondral lesion in the 
talar dome (arrow). (b) Eight months later, the symptoms 

deteriorated despite conservative treatment and MR image 
shows diffuse bone marrow edema in keeping with the 
activity of the lesion (arrows)
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locations. The Hill-Sachs impaction injury is 
located in the superolateral aspect of the humeral 
head. This defect is a compression fracture occur-
ring during anterior dislocation after impaction 
of the humeral head over the anteroinferior gle-
noid rim. The presence of subchondral bone mar-
row edema suggests that the lesion is acute or 
subacute. Increasing size of this defect in follow-
 up imaging suggests that the patient sustains 
recurrent dislocations. A “reverse” Hill-Sachs 
defect results from posterior dislocation. In over-
head athletes such as throwers, swimmers, and 
tennis players, an internal (posterosuperior) 
impingement syndrome may occur (Giaroli et al. 
2005). This entity is characterized by supraspina-
tus tendinopathy resulting from repetitive contact 
with the posterosuperior labrum between the 
supra- and infraspinatus tendon interval. A com-
mon finding in these athletes is a focal indenta-
tion in the cortex of the posterior greater 
tuberosity (Fig.  13) with or without focal bone 
marrow “edema”-like and degenerative cystic 
changes (Nakagawa et al. 2001). It has been sug-
gested in a limited number of patients that these 
bony cyst-like changes disappear, presumably 

due to improved mechanics, after a successful 
surgical treatment (Giaroli et al. 2005).

2.3.2  Monitoring
All patients with persistent symptoms 6–12 weeks 
after an ankle sprain should undergo CT or even 
better MRI, in order to exclude a possible osteo-
chondral lesion of the talus. Patients with a stable 
osteochondral lesion and persisting symptoms 
beyond 3 months of treatment may require MRI 
to determine if the stage of the lesion has changed. 
Patients with symptoms beyond 6 months should 
undergo arthroscopy. MRI is the method of 
choice for the assessment of the progress of 
osteochondral lesions and the response to treat-
ment. Unstable fragments will usually progress 
and become a loose body. Two factors determine 
the treatment strategy for osteochondritis disse-
cans lesions, namely the stability of the lesion 
and the skeletal maturity of the patient 
(Gorbachova et al. 2018). Conservative manage-
ment is the treatment of choice for stable lesions 
in children (Ghahremani et al. 2014). If failed, or 
in cases with unstable lesions, loose bodies, and 
meniscal tears, surgery is indicated. Postoperative 
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Fig. 13 (a, b) Indirect MR arthrogram in a 30-year-old 
tennis player with posterosuperior impingement. (a) The 
axial fat-suppressed T1-weighted SE MR image shows a 
focal notch with small cysts in the posterolateral greater 

tuberosity (arrows). (b) The oblique coronal fat- 
suppressed T1-weighted SE MR image shows disruption 
of the superior labrum (arrow)
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assessment of healing and incorporation can be 
evaluated with contrast-enhanced MRI (Sanders 
et al. 2001). Osseous indentations do not require 
monitoring with imaging.

3  Microfractures

Before the advent of MRI, microfractures were 
referred to as osseous injuries in the pediatric 
population not associated with a fracture line in 
plain radiographs. These injuries, also known as 
incomplete linear fractures, include bowing 
fractures which usually heal without any perios-
titis, and greenstick and torus fractures. 
Scintigraphy was able to demonstrate increased 
uptake of the injured bone. The application of 
musculoskeletal MRI allowed depiction of vari-
ous similar disorders in adults. These include 
the spectrum of stress reactions and fractures, 
bone bruises, acute occult fractures, and phy-
seal microfractures. Transient osteoporosis-
transient bone marrow edema and regional 
migratory osteoporosis can be included in this 
group.

3.1  Stress Reactions and Fractures

Stress reactions and fractures result from repeti-
tive stress to an otherwise normal bone and repre-
sent a variety of osseous and associated soft-tissue 
injuries (Ánderson and Greenspan 1996). They 
are common injuries caused by prolonged activi-
ties such as marching or running and are usually 
encountered in the lower extremities, especially 
tibia, femoral neck, and metatarsals (Coady and 
Micheli 1997). The importance of early diagnosis 
of a stress lesion has been highlighted by Ohta- 
Fukushima et al. (2002) who showed that athletes 
with an early diagnosis of stress injury return to 
their sport within 10.4  weeks as opposed to 
18.4 weeks in those with a diagnosis later than 
3 weeks after the onset of symptoms. Close cor-
relation between imaging and clinical findings is 

important since MRI is so sensitive that it can 
show marrow edema-like changes even in asymp-
tomatic runners (Lazzarini et al. 1997; Bergman 
et al. 2004).

Shin splints, or medial tibial stress syndrome, 
and thigh splints or adductor insertion avulsion 
syndrome are terms representing an early form of 
the stress injury spectrum (Fredericson et  al. 
1995; Anderson et al. 1997, 2001; Hwang et al. 
2005).

In the spectrum of stress fractures, there are 
additional entities which belong to the so-called 
insufficiency fractures, i.e., those resulting from 
repetitive normal loading on a weakened bone. 
These include the microtrabecular osteoporotic 
fractures, bisphosphonate-related fractures, and 
the complex of transient osteoporosis-regional 
migratory osteoporosis.

3.1.1  Natural History and Monitoring
Plain radiographs are not a sensitive method for 
depicting early stress injuries (Matheson et  al. 
1987). The earliest imaging findings of stress 
injuries are the stress reactions, demonstrated 
with bone marrow edema on MRI (Fig.  14). 
Stress fractures are demonstrated radiologically 
2–4 weeks after the onset of pain, as a sclerotic 
line perpendicular to the long axis of the trabecu-
lae. Depending upon the duration of symptoms, a 
periosteal reaction may be present. Indeed, peri-
ostitis may be the only radiological manifestation 
of the underlying injury. Follow-up radiographs 
demonstrate the evolution and healing of the 
injury, thus eliminating the need for a biopsy in 
cases where clinical history is not helpful and an 
aggressive lesion is suspected. Multi-detector CT 
with its multiplanar capability and bone algo-
rithm reconstructions is able to detect the fracture 
lucent line or the periosteal reaction in specific 
anatomic locations such as the tibia (Fig.  15), 
sacrum, spine, and tarsal navicular. Bone scintig-
raphy has been used as the gold standard for 
assessing stress injuries (Ánderson and 
Greenspan 1996). The low specificity though of 
this imaging modality together with the radiation 
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risk and lack of anatomic detail limits its role in 
the management of stress injuries. In addition, 
follow-up which is important in elite athletes is 
further limited by the fact that uptake may be 
present for several months (Ánderson and 
Greenspan 1996).

MRI applying STIR and T2-weighted fat- 
suppressed sequences has emerged as the imag-
ing technique of choice, providing excellent 
sensitivity and specificity together with superb 
anatomical detail (Fredericson et al. 1995; Arendt 
and Griffiths 1997; Yao et al. 1998). MRI  findings 
precede by weeks those of plain radiographs also 
demonstrating associated soft-tissue injuries. 
MRI is better than scintigraphy at depicting early 

stress injuries, possibly due to absence of signifi-
cant osteoblastic response at this stage, and lacks 
ionizing radiation which is of consideration when 
applied to young athletes and in follow-up stud-
ies (Deutsch et al. 1997; Gaeta et al. 2005).

Bone marrow changes may be present on MRI 
of asymptomatic athletes undertaking intensive 
physical activity. These stress reactions reflect 
high training load and resolve or continue as 
asymptomatic changes on imaging regardless of 
continuation of intensive physical training (Kiuru 
et al. 2005). Bergman et al. (2004) have shown 
that tibial stress reactions detected on MRI in 
asymptomatic runners are not associated with 
future symptomatic tibial stress injuries. 

c

d
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Fig. 14 (a) Coronal STIR MR image of a 42-year-old 
female long-distance runner presenting with groin pain on 
training for 3 months prior to imaging shows bone mar-
row edema in the left pubic bone in keeping with stress 
reaction (open arrow). (b) The corresponding image 
9 weeks later shows resolution of the edema, matching the 
clinical improvement. (c) Coronal fat-suppressed PD-w 
MR image of a 39-year-old female runner with pain for 

3 weeks prior to imaging shows bone marrow edema in 
the medial proximal meta-epiphysis of the tibia, in keep-
ing with stress reaction (arrows). There was clinical 
improvement within 2 weeks following cessation of jog-
ging. (d) Coronal fat-suppressed PD-w MR image of a 
45-year-old female long-distance runner shows a stress 
fracture (open arrow) surrounded by bone marrow edema 
(arrows)
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Therefore, these findings are not clinically impor-
tant and there is no need for unnecessary rest or 
modification of the training program.

A recent study showed that PET-MRI is supe-
rior to plain MRI for detecting early stress reac-
tion in the lower extremity (Crönlein et al. 2015).

Symptomatic patients with stress injuries 
present with localized pain in the end rather than 
at the onset of the athletic activity. Patients’ com-
plaints tend to occur following increase or change 
in sports activity. The pain is typically relieved at 
rest and can recur with the onset of the activity. 

With increased severity of the injury, the pain 
may persist at rest. A suggested 2- to 3-week 
period of rest or decrease in training may be cura-
tive. No follow-up imaging in shin splint and 
thigh splint syndromes is needed.

Patients with sacral stress fractures recover 
quickly with rest and return to sports within 
4–6  weeks. Stress fractures of the pubic rami 
heal successfully after 6–10  weeks of rest. 
Femoral neck stress fractures need to be diag-
nosed early because of their tendency for a frank 
complete fracture with displacement, particu-
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Fig. 15 (a–d) Stress fracture in a runner. (a) The plain 
film is normal. (b) Scintigraphy reveals increased uptake 
in the tibia. (c) CT shows the lucent fracture line and the 
callus formation in the anterior cortex (arrow). (d) 
Contrast-enhanced fat-suppressed SE T1-weighted MR 

image shows the soft-tissue enhancement (long arrow), 
periosteal and endosteal new bone formation at the frac-
ture site (small arrows), and bone marrow edema 
(asterisk)
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larly when located laterally (Spitz and Newberg 
2003). A high degree of clinical suspicion for its 
presence should be followed by a prompt MRI 
examination. Most fractures, however, occur 
medially where the risk for displacement is 
lower. Most patients with femoral shaft stress 
fractures are able to resume full sport activity by 
12 weeks.

Spondylolysis is considered a non-united 
stress fracture of the pars interarticularis in chil-
dren and young adult elite athletes across a wide 
range of sports (Cheung et  al. 2018). Athletes 
with asymptomatic spondylolysis require no 
treatment or follow-up imaging. For symptom-
atic patients with acute spondylolysis, treatment 
consists of restriction of sports activity varying 
from 6 weeks to 6 months that should generally 
continue until the athlete becomes asymptomatic. 
The treatment is different in patients with a bilat-
eral pars defect, due to the risk of spondylolisthe-
sis. In athletes with stress-induced spondylolysis, 
fat-suppressed MRI and SPECT-CT can demon-
strate if this lesion is active and therefore respon-
sible for the symptoms. Most athletes become 

asymptomatic and develop no long-term sequelae 
although only 30–50% of stress fractures demon-
strate bony healing radiologically.

Fredericson et al. (1995) classified stress inju-
ries in four grades according to MRI findings. 
Patients with grade I injuries return to controlled 
athletic activities within 2–3 weeks, patients with 
grade II injuries within 4–6 weeks, and patients 
with grade III in 6–9 weeks. Patients with grade 
IV injuries, on the other hand, should be treated 
with a cast for 6 weeks and restrain from impact 
activities for another 6 weeks. The presence of a 
medullary line or a cortical abnormality in keep-
ing with grade IV was shown by Yao et al. (1998) 
to correlate with a longer period of recovery. In 
pediatric stress fractures, there is often extensive 
periosteal reaction and bone marrow changes 
which might lead to an erroneous diagnosis of a 
neoplastic process (Horev et al. 1990; Ánderson 
and Greenspan 1996) (Fig.  16). In these cases, 
MRI can be applied for the diagnosis with direct 
evaluation of bone marrow edema and for the 
evaluation of the healing process due to its inher-
ent lack of radiation (Fig. 17).

cba

Fig. 16 (a–c) A 7-year-old girl with calf pain but no his-
tory of trauma or sports activity and a biopsy-proven 
stress fracture of the fibula. (a) The plain film shows a 
periosteal new bone formation (arrows). (b) The axial fat- 
suppressed T2-weighted MR image shows the soft-tissue 
changes (thick arrow), periosteal new bone formation 

(arrow), and bone marrow changes (long white arrow). (c) 
Contrast-enhanced fat-suppressed SE T1-weighted MR 
image in the coronal plane shows extensive soft-tissue 
enhancement (thick arrow), subperiosteal enhancement 
(arrow), and bone marrow changes (long arrow).
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Low-risk stress fractures are considered those 
located at the posterior or medial aspect of the 
tibia, fibula, and lateral malleolus. Treatment 
consists of a rest period of 2–8 weeks with lim-
ited weight bearing, progressing gradually to full 
athletic activities.

High-risk stress fractures are considered those 
located at the femoral neck, anterior midtibia, 
medial malleolus, tarsal navicular, talus, fifth 
metatarsal, base of second metatarsal, patella, 
and great toe sesamoids (Mandell et  al. 2017). 
High-risk fractures may require longer recovery 
period and often surgical intervention.

Osteoporotic microfractures are often seen in 
the spine and pelvis (Figs. 18a and 19). MRI is 
the method of choice for prompt diagnosis. 
Clinical improvement is obvious within few 

weeks from the onset of symptoms, unless a col-
lapse of a vertebral body complicates the initial 
bone marrow involvement. Monitoring is usually 
not required unless a new pain syndrome appears, 
raising suspicion of a new fracture.

Bisphosphonate treatment, usually in the con-
text of osteoporosis, Paget’s disease, and meta-
static disease, is related to the presence of 
factures, typically located in the femoral diaphy-
sis (Rheinboldt et al. 2014). These fractures result 
from a combination of suppressed bone turnover 
and tensile forces along the lateral femoral cor-
tex. The natural progression of these fractures 
starts with focal cortical thickening and ends to a 
displaced complete fracture (Png et  al. 2019). 
MRI shows the bone marrow edema whereas 
plain radiographs and CT detect the intracortical 
fracture line which may be indistinct and sus-
pected only because of focal demineralization of 
the cortex (Fig. 18b, c). After the focal thickening 
of the cortex and eventually the presence of a 
“black” cortical line, monitoring is feasible with 
plain radiographs (Png et al. 2019).

The transient bone marrow edema syndrome, 
also known as transient osteoporosis, is a self- 
limiting disorder which resolves with conserva-
tive treatment. It is seen more commonly in 
middle-aged males (76.4%) and in females dur-
ing the third trimester of pregnancy or during the 
postpartum period. Klontzas et  al. showed that 
DEXA of the spine reveals osteopenia or osteo-
porosis in the vast majority of patients (30/31). 
Migration of the bone marrow edema may occur 
in 19.4%, also known as regional migratory 
osteoporosis (Klontzas et  al. 2015). Osteopenia 
or osteoporosis was also observed in patients 
with acute nontraumatic bone marrow edema 
syndrome in the knee and articular collapse 
(Karantanas et al. 2008). Thus, there is growing 
evidence that the nontraumatic bone marrow 
edema syndromes are the result of trabecular 
microfractures. The method of choice for early 
diagnosis is MRI (Fig. 18d–f). The natural his-
tory is resolution of symptoms and imaging find-
ings within 4–9 months after initial presentation 
(Vassalou et al. 2019). Typically, migration of the 
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Fig. 17 (a, b) A 14-year-old male with a stress fracture of 
the pubic bone. (a) The fat-suppressed T2-weighted MR 
image 1  week after the onset of symptoms shows the 
stress fracture (black arrow) and the muscular strain 
(white arrows). (b) A repeat MR imaging examination 
1 month later shows resolution of the muscular strain (thin 
arrow) and of the fracture line with residual bone marrow 
edema (arrow).
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BME to the contralateral hip or the ipsilateral 
knee and ankle occurs within 12 months of the 
initial presentation. Monitoring of these disor-
ders is not required by imaging. However, in a 
patient with a new painful joint location, MRI is 
required to confirm the diagnosis of migratory 
osteoporosis.

3.2  Acute Subchondral Injury: 
Bone Bruise

Bone bruise and bone contusion are synonymous 
terms to describe the occult injury of the trabecular 
bone resulting in hemorrhage, edema, and infarc-
tion (Bohndorf 1999; Ryu et  al. 2000; Mandalia 
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Fig. 18 (a–e) Insufficiency fractures. (a) Coronal oblique 
STIR MR image in a 36-year-old female patient with 
pregnancy-induced osteopenia, showing microtrabecular 
fractures (arrows) surrounded by bone marrow edema 
(open arrows). (b) Coronal fat-suppressed T2-w MR 
image and (c) AP radiograph of the right femoral bone in 
a 77-year-old female with a history of bisphosphonate 
treatment, showing the bone marrow edema and the subtle 
cortical fracture line (arrows). (d) Coronal fat-suppressed 
PD-w MR image of a 57-year-old male with sudden non-

traumatic knee joint pain, showing bone marrow edema in 
the medial femoral condyle (arrow), in keeping with 
microtrabecular insufficiency fracture. (e) Sagittal and (f) 
coronal fat-suppressed PD-w MR images of the hips 
13  months after initial knee joint involvement, showing 
bone marrow edema (open arrows) and a microtrabecular 
subchondral fracture line (arrow) in keeping with tran-
sient osteoporosis/regional migratory osteoporosis. A 
DEXA of the spine showed severe osteoporosis.
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et  al. 2005). MRI is very sensitive in detecting 
bone bruises and understanding the mechanism 
and severity of injury (Sanders et al. 2000).

3.2.1  Natural History and Monitoring
There might be an increase with MRI in the vol-
ume of bone bruise within a few weeks following 
injury (Davies et al. 2004). Various studies have 
addressed the rate and degree of resolution of the 
bruised bone, mainly after knee injuries (Ariyoshi 
et  al. 1997; Bretlau et  al. 2002; Davies et  al. 
2004). It appears that in most patients there is a 
significant decrease or complete resolution of the 
lesion within 12–18 weeks (Vanhoenacker et al. 
2005) (Fig. 20); however, patients with persisting 
MRI abnormalities for up to 2 years have been 
reported. Athletes with isolated bone bruises 
appear to return to previous sports activities 
within 3 months on average (Wright et al. 2000).

Bone bruises might indicate an overlying 
osteochondral injury. This should be particularly 
suspected when the pattern of resolution on fol-
low- up studies occurs towards the articular sur-
face (Davies et  al. 2004). Long-term cartilage 
degeneration might occur even without imaging 
findings of acute chondral injury during the acute 
phase (Nakamae et al. 2006) (Fig. 21). This may 
be due to either microinjury of the chondrocytes 
or inadequate weight-bearing protection during 
resolution which might induce increased load to 
the articular cartilage.

3.3  Acute Occult Fractures

Acute occult fractures are defined as those not 
detected by plain radiographs. They may be seen 
on MRI as fracture lines either associated with 

b ca

Fig. 19 A 35-year-old female patient presenting with 
acute back pain, 3 weeks after delivery of her third child. 
DEXA of the spine showed osteoporosis. (a) Sagittal 
T2-w, (b) STIR, and (c) fat-suppressed contrast-enhanced 

T1-w MR images showing bone marrow edema in the L2 
and L3 vertebral bodies (arrows), mild depression of the 
superior end plate, and microtrabecular fractures (thin 
arrows)
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bone bruises or without any bone marrow changes 
(Figs. 22 and 23). Usually they are detected with 
MRI in the subacute stage, due to persistent symp-
toms. Common sites for occult fractures include 
proximal tibia, distal femur, talar neck, scaphoid, 

anterior calcaneal process, and lateral talar pro-
cess, also known as snowboarder’s fracture. In 
one study, it was found that in patients with pre-
sumed scaphoid fracture and normal radiographs, 
scintigraphy was able to demonstrate abnormal 
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Fig. 20 (a–d) Resolution pattern of bone bruise in a 
26-year-old male mountain skiing athlete, with lateral 
patella dislocation prior to imaging. (a) Coronal and (b) 
sagittal fat-suppressed PD-w MR images of the right knee 

immediately after injury and (c, d) 30  weeks later. 
Extensive impaction bone marrow edema at the lateral 
femoral condyle is shown (arrows). There is complete 
resolution of the marrow edema on the follow-up MRI
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uptake in 45% and CT depicted a fracture in 
27.4% of the cases (Groves et al. 2005).

3.3.1  Natural History and Monitoring
The true incidence of long-bone occult fractures 
cannot be estimated, as these injuries are not 
detected with plain radiographs. Most of these inju-
ries will resolve after 6–8 weeks and therefore no 
radiological monitoring is required. Nonunion is 
unlikely since no major cortical disruption occurs.

Acute scaphoid fractures are of particular 
interest because in up to 65% of cases they 
remain radiographically occult immediately after 
injury, and disrupted blood supply may result in 
proximal pole osteonecrosis. In addition, these 
fractures may not be painful enough to demand 
medical care and therefore late diagnoses with 
nonunion and/or osteonecrosis are common 
(Fig. 4). Focal radiolucent areas may develop at 
the site of previous microfractures (Rennie and 
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Fig. 21 (a–d) A 53-year-old female patient presenting 
with a painful knee following an injury during dancing. 
(a, c) Fat-suppressed PD-w in coronal and (b, d) axial 
planes. Bone marrow edema is shown (a) suggesting bone 
bruise (open arrows). The patellar articular cartilage 
shows thinning on the medial surface. A follow-up MRI 

11  months later shows complete resolution of the bone 
bruise (c) and a cartilage full-thickness defect (arrow in d) 
of the previously intact articular cartilage. Degenerative 
tear of the medial meniscus is also shown
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Finlay 2003). Occult fractures are best appreci-
ated with MRI (Rosner et al. 2004). Early use of 
MRI may prove to be cost effective if early con-
firmation of the presence of a scaphoid fracture 
would affect treatment and the patient’s returning 
to sports activities. Gadolinium-enhanced MRI is 
the method of choice for the preoperative assess-
ment of the vascular status and healing potential 
of a given fracture as well as for postoperative 
assessment of graft viability (Cerezal et al. 2000; 
Dailiana et al. 2004).

3.4  Physeal Microfractures

Growth plate or physis in the growing skeleton 
represents a thin layer of cartilage located 
between the metaphysis and epiphysis or apoph-
ysis. Most of the physeal injuries occur during 
sports activities, more commonly in males with a 
median age of 13  years. The most frequently 
injured bones are the distal femur, radius, tibia, 
ulna, fibula, and proximal humerus.

Before the advent of MRI, the growth plate 
was indirectly evaluated on plain radiographs, 
seen as a radiolucent line. Acute injury of the 
growth plate was diagnosed when there was 
decreased or increased width of the physis with 
or without displacement of the surrounding frac-
tured osseous structures. Acute physeal injuries 
without osseous changes (types I and V Salter- 
Harris) commonly occur in children and may be 
obvious exclusively with MRI (Fig.  24). An 
injured growth plate can be associated with a 
subperiosteal hematoma extending up to the 
diaphysis where the bony attachment of the peri-
osteum is not firm enough (Fig. 25).

3.4.1  Natural History
Repair of growth plate injury occurs quickly if 
there is no cartilage cell layer or vascular supply 
disruption and normal growth occurs in 3 weeks. 
Good prognosis is the rule for most of the phy-
seal fractures. About 15% of all physeal fractures 
lead to growth arrest with a bony bridge forma-
tion across the physis. This may cause limb short-
ening or angular deformity depending upon 
several factors (Oeppen and Jaramillo 2003). 

Fig. 22 A 15-year-old football player with a normal 
radiograph after injury (not shown). The sagittal fat- 
suppressed PD MR image shows the fracture line extend-
ing from the physis to the posterior cortex (arrow). There 
is also post-traumatic edema surrounding the patellar 
tendon

Fig. 23 A 55-year-old male patient with a valgus direct 
impaction upon the knee 1  week prior to imaging. The 
coronal fat-suppressed PD-w MR image shows the bone 
bruise (open arrows) and an occult microfracture in the 
subarticular medial tibial epiphysis (thin arrow). Grade II 
injury of the medial collateral ligament is also shown 
(thick arrow)
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Growth arrest results from vascular compromise 
in the epiphyseal site and is much more common 
at the distal ends of long bones and in the lower 
extremities. Patients close to skeletal maturity are 
less likely to develop deformity. A fracture paral-
lel to the physis is at greater risk for growth 
arrest, especially when the juxtaepiphyseal layer, 
which includes the germinal zone, rather than the 
juxtametaphyseal layer, is involved. For type I 
Salter-Harris fractures, return to sports is possi-
ble within 12 weeks (Stanitski 1998a).

Chronic physeal stress injuries are commonly 
found in young gymnasts, involving the distal 
radius and ulna bilaterally where the surrounding 
structures are stronger than the physis. Repetitive 
stress from overuse causes shearing microfrac-
tures locally. Chronic physeal injuries have also 
been described in skateboarders and adolescent 
runners with involvement of the distal femoral, 

proximal tibial, and distal fibular sites. Plain 
radiographs may show widened physis along 
with sclerosis and rarely lucent metaphyseal 
changes. Cessation of the sports activity allows 
for a full recovery in 6  months. Undiagnosed 
chronic physeal injuries of the distal radius may 
cause premature fusion and ulnar positive vari-
ance in adulthood.

3.4.2  Monitoring
MRI can be used to depict an acute physeal frac-
ture in very young children with unossified 
epiphyses but as a rule it is not routinely per-
formed in acute physeal injuries. Radiological 
follow-up is essential in order to assess normal 
growth and guide surgical management in cases 
of suspected growth disturbance. Even the most 
benign type I Salter-Harris injuries may produce 
growth arrest. Comparative radiographs of both 
sides at quarterly intervals for a year should be 
performed. Most growth arrests are evident by 
2  years after a severe physeal injury. When a 
bony bridge is suspected on the plain radio-
graphs, MRI can assess the central or peripheral 
location as well as the physeal area involved. 
Gradient echo 3D with fat suppression sequences 
can be applied to demonstrate the bony bridge as 
a low-signal-intensity structure surrounded by 
the hyperintense physeal cartilage and to calcu-
late the area with its multiplanar capabilities. 
Bony bridges involving less than 50% of the 
 physeal area are associated with resumption of 
growth if resected (Peterson 1984).

4  Deep Learning

Deep learning is one of the most widely used 
forms of artificial intelligence which induce 
new tools aiming at automatic extraction of fea-
tures out of imaging data (Lecun et  al. 2015). 
The convolutional neural network (CNN) has 
been the main network architecture used in 
medical imaging (Kijowski et  al. 2019). 
Regarding detection of fractures based on plain 
X-rays, multiple deep learning methods have 
been used, mainly using open-source CNNs. 
The machine’s capability for depicting fractures 

Fig. 24 A 10-year-old male with a water skiing injury. 
The coronal fat-suppressed T2-weighted MR image 
shows bone bruise in the tibial metaphysis and epiphysis 
and a physeal injury demonstrated with high signal inten-
sity without any widening of the physis (arrows). There 
are also soft-tissue edematous and hemorrhagic changes
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on plain radiographs showed an area under 
curve of 0.99 (Lindsey et  al. 2018). The same 
study using CT for spinal fracture detection 
showed that there was a 47% reduction in the 
misinterpretation rate by clinicians. Up to the 
present, the literature has focused on deep learn-
ing and fracture detection. Thus, an open field 
for research is available to those who wish to 
explore the value of deep learning in monitoring 
fracture healing and complications.

5  Conclusions

Evaluation of sports- and trauma-related frac-
tures and microfractures is heavily dependent on 
imaging. With increased participation of children 
and adults in organized or recreational sports 
activities, radiologists are frequently asked to 
assist in the diagnosis and management of these 
patients. Plain radiographs are important in 
depicting and monitoring osseous fractures, avul-

sion injuries, and osteochondral lesions. MRI is 
extremely valuable for assessing, grading, and 
monitoring healing of osteochondral lesions and 
microfractures in the context of both acute trauma 
and stress injury.

Things to Remember
 1. Evaluation of sports-related fractures and 

microfractures is heavily dependent on 
imaging.

 2. Plain radiographs are important in depicting 
and monitoring osseous fractures and avul-
sion injuries.

 3. CT can depict most of the osteochondral frac-
tures and is able to differentiate subacute 
avulsion injury and stress fracture from a 
malignant lesion.

 4. MRI is extremely valuable for assessing and 
grading the osteochondral lesions and 
microfractures.

 5. Monitoring of the healing process of micro-
fractures is better performed with MRI.

a b

Fig. 25 (a, b) A 9-year-old girl with a skiing injury. (a) 
The lateral plain film shows a soft-tissue opacity posterior 
to the femoral metadiaphysis (arrows). (b) The sagittal 
fat-suppressed PD MR image shows that the opacity rep-

resents a subperiosteal hematoma (arrows), presumably 
secondary to an occult physeal fracture. There is also a 
shearing injury of the Hoffa’s fat pad

Natural History and Monitoring of Fractures and Microfractures



780

References

Ánderson MW, Greenspan A (1996) Stress fractures. 
Radiology 199:1–12

Anderson IF, Crichton KJ, Grattan-Smith T et al (1989) 
Osteochondral fractures of the dome of the talus. J 
Bone Joint Surg Am 71:1143–1152

Anderson MW, Ugalde V, Batt M et al (1997) Shin splints: 
MR appearance in a preliminary study. Radiology 
204:177–180

Anderson MW, Kaplan PA, Dussault RG (2001) Adductor 
insertion avulsion syndrome (thigh splints): spec-
trum of MR imaging features. AJR Am J Roentgenol 
177:673–675

Arendt EA, Griffiths HJ (1997) The use of MR imaging 
in the assessment and clinical management of stress 
reactions of bone in high-performance athletes. Clin 
Sports Med 16:291–306

Ariyoshi M, Nagata K, Sato K et al (1997) Hemarthrosis 
of the knee and bone contusion. Kurume Med J 
44:135–139

Bergman AG, Fredericson M, Ho C et  al (2004) 
Asymptomatic tibial stress reactions: MRI detection 
and clinical follow-up in distance runners. AJR Am J 
Roentgenol 183:635–638

Berndt AL, Harty M (1959) Transchondral fractures 
(osteochondritis dissecans) of the talus. J Bone Joint 
Surg 41:988–1020

Bohndorf K (1999) Imaging of acute injuries of the articu-
lar surfaces (chondral, osteochondral and subchondral 
fractures). Skelet Radiol 28:545–560

Borges CS, Ruchel PH, Pignataro MB (2020) Scaphoid 
reconstruction. Orthop Clin N Sm 51:65–76

Brandser EA, El-Khoury GY, Kathol MH (1995) 
Adolescent hamstring avulsions that simulate tumors. 
Emerg Radiol 2:273–278

Bretlau T, Tuxoe J, Larsen L et al (2002) Bone bruise in 
the acutely injured knee. Knee Surg Sports Traumatol 
Arthrosc 10:96–101

Burt CW, Overpeck MD (2001) Emergency visits 
for sports related injuries. Ann Emerg Med 37: 
301–308

Calori GM, Albisetti W, Agus A, Iori S, Tagliabue L 
(2007) Risk factors contributing to fracture non- 
unions. Injury 38(2):S11–S18

Cerezal L, Abascal F, Canga A et al (2000) Usefulness of 
gadolinium-enhanced MR imaging in the evaluation 
of the vascularity of scaphoid nonunions. AJR Am J 
Roentgenol 174:141–149

Chapman S (1992) The radiological dating of injuries. 
Arch Dis Child 67:1063–1065

Cheung KK, Dhawan RT, Wilson LF et  al (2018) Pars 
interarticularis injury in elite athletes—the role of 
imaging in diagnosis and management. Eur J Radiol 
108:28–42

Chiavaras MM, Bains S, Choudur H et  al (2013) The 
radiographic union score for hip (RUSH): the use of 
a checklist to evaluate hip fracture healing improves 

agreement between radiologists and orthopedic sur-
geons. Skelet Radiol 42:1079–1088

Coady C, Micheli L (1997) Stress fractures in the pediat-
ric athlete. Clin Sports Med 16:225–238

Crönlein M, Rauscher J, Neer AJ et al (2015) Visualization 
of stress fractures of the foot using PET-MRI: a feasi-
bility study. Eur J Med Res 20:99–105

Crues RL, Dumont J (1975) Fracture healing. Can J Surg 
18:403–413

Cunningham BP, Brazina S, Morshed S, Miclau TIII 
(2017) Fracture healing: a review of clinical, imag-
ing and laboratory diagnostic options. Injury Suppl 
1:S69–S75

Dailey HL, Schwarzenberg P, Daly CJ et al (2019) Virtual 
mechanical testing based on low-dose computed 
tomography scans for tibial fracture: a pilot study 
of prediction of time to union and comparison with 
subjective outcomes scoring. J Bone Joint Surg Am 
101:1193–1202

Dailiana ZH, Zachos V, Varitimidis S et al (2004) Scaphoid 
nonunions treated with vascularised bone grafts: MRI 
assessment. Eur J Radiol 50:217–224

Davies NH, Niall D, King LJ et al (2004) Magnetic reso-
nance imaging of bone bruising in the acutely injured 
knee—short-term outcome. Clin Radiol 59:439–445

De Smet AA, Ilahi OA, Graf BK (1996) Reassessment of 
the MR criteria for stability of osteochondritis disse-
cans in the knee and ankle. Skelet Radiol 25:159–163

Deutsch AL, Coel MN, Mink JH (1997) Imaging of stress 
injuries to bone: radiography, scintigraphy, and MR 
imaging. Clin Sports Med 16:275–290

Einhorn TA (1995) Enhancement of fracture-healing. J 
Bone Joint Surg Am 77:940–956

El-Khoury GY, Daniel WW, Kathol MH (1997) Acute 
and chronic avulsive injuries. Radiol Clin N Am 
35:747–766

Fredericson M, Bergman G, Hoffman KL et  al (1995) 
Tibial stress reaction in runners: correlation of clinical 
symptoms and scintigraphy with a new MRI grading 
system. Am J Sports Med 23:472–481

Frost HM (1989a) Biology of fracture healing: an over-
view for clinicians. Part I.  Clin Orthop Relat Res 
248:293–293

Frost HM (1989b) Biology of fracture healing: an over-
view for clinicians. Part II.  Clin Orthop Relat Res 
248:294–309

Gaeta M, Minutoli F, Scribano E et al (2005) CT and MR 
imaging findings in athletes with early tibial stress 
injuries: comparison with bone scintigraphy findings 
and emphasis on cortical abnormalities. Radiology 
235:553–561

Ghahremani S, Grigg R, Hall T et al (2014) Osteochondral 
lesions in pediatric and adolescent patients. Semin 
Musculoskelet Radiol 18:505–512

Giaroli EL, Major NM, Higgins LD (2005) MRI of 
internal impingement of the shoulder. AJR Am J 
Roentgenol 185:925–929

Gorbachova T, Melenevsky Y, Cohen M, Cerniglia 
BW (2018) Osteochondral lesions of the knee: 

A. H. Karantanas



781

differentiating the most common entities at 
MRI. Radiographics 38:1478–1495

Groves AM, Cheow H, Balan K et al (2005) 16-MDCT in 
the detection of occult wrist fractures: a Comparison 
with skeletal scintigraphy. AJR Am J Roentgenol 
184:1470–1474

Harwood PJ, Newman JB, Michael ALR (2010) An 
update on fracture healing and non-union. Orthop 
Traumatol 24:9–23

Heppenstall RB (1980) Fracture healing. In: Heppenstall 
RB (ed) Fracture treatment and healing. Saunders, 
Philadelphia, pp 35–64

Horev G, Koreneich L, Ziv N et  al (1990) The enigma 
of stress fractures in the pediatric age: clarification 
or confusion through the new imaging modalities. 
Pediatr Radiol 20:469–471

Hwang B, Fredericson M, Chung CB et  al (2005) MRI 
findings of femoral diaphyseal stress injuries in ath-
letes. AJR Am J Roentgenol 185:166–173

Islam O, Soboleski D, Symons S et al (2000) Development 
and duration of radiographic signs of bone healing in 
Children. AJR Am J Roentgenol 175:75–78

Karantanas AH, Drakonaki E, Karachalios T et al (2008) 
Acute non-traumatic marrow edema syndrome in the 
knee: MRI findings at presentation, correlation with 
spinal DEXA and outcome. Eur J Radiol 67:22–33

Kijowski R, Liu F, Caliva F, Pedoia V (2019) Deep learn-
ing for lesion detection, progression, and prediction 
of musculoskeletal disease. J Magn Reson Imaging 
52:1607–1619

Kiuru MJ, Niva M, Reponen A et al (2005) Bone stress 
injuries in asymptomatic elite recruits: a clinical and 
MRI study. Am J Sports Med 33:272–276

Klammer G, Maquieira GJ, Spahn S et al (2015) Natural 
history of nonoperatively treated osteochondral lesions 
of the talus. Foot Ankle Int 36(1):24–31

Klontzas ME, Vassalou EE, ZIbis AH et  al (2015) MR 
imaging of transient osteoporosis of the hip: an update 
on 155 hip joints. Eur J Radiol 84:431–436

Krestan CR, Noske H, Vasilevska V et al (2006) MDCT 
versus digital radiography in the evaluation of bone 
healing in orthopedic patients. AJR Am J Roentgenol 
186:1754–1760

Lawson GM, Hajducka C, McQueen MM (1995) Sports 
fractures of the distal radius-epidemiology and out-
come. Injury 26:33–36

Lazzarini KM, Troiano RN, Smith RC (1997) Can run-
ning cause the appearance of marrow edema on MR 
images of the foot and ankle? Radiology 202:540–542

Lecun Y, Bengio Y, Hinton G (2015) Deep learning. 
Nature 521:436–444

Lindsey R, Daluiski A, Chipra S et al (2018) Deep neu-
ral network improves fracture detection by clinicians. 
Proc Natl Acad Sci U S A 115:11591–11596

Linklater J (2004) Ligamentous, chondral, and osteochon-
dral ankle injuries in athletes. Semin Musculoskelet 
Radiol 8:81–98

Livstone BJ, Parker L, Levin DC (2002) Trends in the uti-
lization of MR angiography and body MR imaging in 

the US Medicare population: 1993–1998. Radiology 
222:615–618

Low G, Raby N (2005) Can follow-up radiography for 
acute scaphoid fracture still be considered a valid 
examination? Clin Radiol 60:1106–1110

Mandalia V, Fogg AJ, Chari R et al (2005) Bone bruising 
of the knee. Clin Radiol 60:627–636

Mandell JC, Khurana B, Smith SE (2017) Stress fractures 
of the foot and ankle, part 2: site-specific etiology, 
imaging, and treatment, and differential diagnosis. 
Skeletal Radoil 46:1165–1186

Matheson GO, Clement DB, McKenzie DC et al (1987) 
Stress fractures in athletes; a study of 320 cases. Am J 
Sports Med 15:46–58

Metzmaker JN, Pappas AM (1985) Avulsion fractures of 
the pelvis. Am J Sports Med 13:349–358

Micheli LJ, Fehlandt AF Jr (1992) Overuse injuries to ten-
dons and apophyses in children and adolescents. Clin 
Sports Med 11:713–726

Morrison WB (2003) MRI of sports injuries of the ankle. 
Top Magn Reson Imaging 14:179–197

Nakagawa S, Yoneda M, Hyashida K et al (2001) Greater 
tuberosity notch: an important indicator of articular- 
side partial rotator cuff tears in the shoulders of throw-
ing athletes. Am J Sports Med 29:762–770

Nakamae A, Engebretsen L, Bahr R et al (2006) Natural 
history of bone bruises after acute knee injury: clini-
cal outcome and histopathological findings. Knee Surg 
Traumatol Arthrosc 14:1252–1258

Nicholson JA, Tsang STJ, MacGillivray TJ et  al (2019) 
What is the role of ultrasound in fracture manage-
ment? Diagnosis and therapeutic potential for frac-
tures, delayed unions, and  fracture-related infection. 
Bone Joint Res 8:304–312

Oeppen RS, Jaramillo D (2003) Sports injuries in the 
young athlete. Top Magn Reson Imaging 14:199–208

Ohta-Fukushima M, Mutoh Y, Takasugi S et  al (2002) 
Characteristics of stress fractures in young athletes 
under 20 years. J Sports Med Phys Fitness 42:198–206

Overdeck KH, Palmer WE (2004) Imaging of hip and 
groin injuries in athletes. Semin Musculoskelet Radiol 
8:41–55

Peterson HA (1984) Partial growth plate arrest and its 
treatment. J Pediatr Orthop 4:246–258

Peterson L, Minas T, Brittberg M et  al (2000) Two- to 
9-year outcome after autologous chondrocyte trans-
plantation of the knee. Clin Orthop 374:212–234

Petfield JL, Hayeck GT, Kopperdahl DL (2017) Virtual 
stress testing of fracture stability in soldiers with 
severely comminuted tibial fractures. J Orthop Res 
35:805–811

Pettine KA, Morrey B (1987) Osteochondral fractures of 
the talus. A long term follow-up. J Bone Joint Surg 
(Br) 69:89–92

Png MA, Mohan PC, Koh JSB et al (2019) Natural history 
of incomplete atypical femoral fractures in patients 
after a prolonged and variable course of bisphospho-
nate therapy—a long-term radiological follow-ip. 
Osteoporos Int 30:2417–2428

Natural History and Monitoring of Fractures and Microfractures



782

Rennie WJ, Finlay DB (2003) Posttraumatic cystlike 
defects of the scaphoid: late sign of occult microfrac-
ture and useful indicator of delayed union. AJR Am J 
Roentgenol 180:655–658

Rheinboldt M, Harper D, Stone M (2014) Atypical femo-
ral fractures in association with bisphosphonate ther-
apy: a case series. Emerg Radiol 21:557–562

Rosen M, Jackson D, Berger P (1991) Occult osseous 
lesions documented by magnetic resonance imaging 
associated with anterior cruciate ligament ruptures. 
Arthroscopy 7:45–51

Rosner JL, Zlatkin MB, Clifford P et al (2004) Imaging of 
athletic wrist and hand injuries. Semin Musculoskelet 
Radiol 8:57–79

Rubin DA, Harner CD, Costello JM (2000) Treatable 
chondral injuries in the knee: frequency of associ-
ated focal subchondral edema. AJR Am J Roentgenol 
174:1099–1106

Ryu KM, Jin W, Ko YT et al (2000) Bone bruises: MR 
characteristics and histological correlation in the 
young pig. Clin Imaging 24:371–380

Salter RB, Harris R (1963) Injuries involving the epiphy-
seal plate. J Bone Joint Surg 45A:587–622

Sanders TG, Medynski MA, Feller JF et al (2000) Bone 
contusion pattern of the knee at MR imaging: foot-
print of the mechanism of injury. Radiographics 
20:S135–S151

Sanders TG, Mentzer KD, Miller M et  al (2001) 
Autogenous osteochondral “plug” transfer for the 
treatment of focal chondral defects: postoperative MR 
appearance with clinical correlation. Skelet Radiol 
30:570–578

Shea MP, Manoli A II (1993) Osteochondral lesions of the 
talar dome. Foot Ankle 14:48–55

Shiller J, DeFroda S, Blood T (2017) Lower extrem-
ity avulsion fractures in the pediatric and adolescent 
athete. J Am Acad Otrhop Surg 25:251–259

Sofka CM (2004) Ultrasound in sports medicine. Semin 
Musculoskelet Radiol 8:17–27

Spitz D, Newberg A (2003) Imaging of stress fractures 
in the athlete. Magn Reson Imaging Clin N Am 
11:323–339

Stanitski CL (1998a) Epiphyseal fractures about knee. 
Oper Techn Sports Med 6:234–242

Stanitski CL (1998b) Acute tibial tubercle avulsion frac-
tures. Oper Techn Sports Med 6:243–246

Stone JW (1996) Osteochondral lesions of the talar dome. 
J Am Acad Orthop Surg 4:63–73

Takahara M, Ogino T, Takagi M et  al (2000) Natural 
progression of osteochondritis dissecans of the 
humeral capitellum: initial observations. Radiology 
216:207–212

Tehranzadeh J (1987) The spectrum of avulsion and 
avulsion-like injuries of the musculoskeletal system. 
Radiographics 7:945–974

Torriani M, Kattapuram SV (2003) Musculoskeletal ultra-
sound: an alternative imaging modality for sports- 
related injuries. Top Magn Reson Imaging 14:103–111

Tzioupis C, Giannoudis PV (2007) Prevalence of long- 
bone non-unions. Injury 38:S3–S9

Vanhoenacker FM, Snoeckx A, Vandaele L et  al (2005) 
Bone marrow changes in sports injuries. JBR-BTR 
88:332–335

Vassalou EE, Spanakis K, Tsifountoudis IP, Karantanas 
AH (2019) MR imaging of the hip: an update on 
bone marrow edema. Semin Musculoskelet Radiol 
23:276–288

Whelan DB, Bhandari M, Stephen D et  al (2010) 
Development of the radiographic union score for tibial 
fractures for the assessment of tibial fracture healing 
after intramedullary fixation. J Trauma 68:629–632

Wright RW, Phaneuf MA, Limbird TJ et al (2000) Clinical 
outcome of isolated subcortical trabecular fractures 
(bone bruise) detected on magnetic resonance imag-
ing in knees. Am J Sports Med 28:663–667

Yao L, Johnson C, Gentili A et al (1998) Stress injuries of 
bone: analysis of MR imaging staging criteria. Acad 
Radiol 5:34–40

Zanetti M, Weishaupt D, Jost B et al (1999) MR imaging 
for traumatic tears of the rotator cuff: high prevalence 
of greater tuberosity fractures and subscapularis ten-
don tears. AJR Am J Roentgenol 172:463–467

Zarins B, Cuillo JV (1983) Acute muscle and tendon inju-
ries in athletes. Clin Sports Med 2:167–182

A. H. Karantanas



783Med Radiol Diagn Imaging (2021)
https://doi.org/10.1007/174_2020_264, © Springer Nature Switzerland AG
Published Online: 16 March 2021

Monitoring of Muscle and Tendon 
Repair

Iris Kilsdonk, Danoob Dalili,  
Anne D. van der Made, and Mario Maas

Contents
1  Introduction   784

2  Healing Process of Muscle  
and Tendon Injury   784

3  What the Radiologist Needs to Know   785
3.1  MR Protocol   785
3.2  What to Look for at Follow-Up   786
3.3  Advanced MR Techniques   788

4  Conclusion: Outlook for the Future   791

5  Imaging Boxes   792

 References   792

Abstract

The use of magnetic resonance imaging (MRI) 
has taken a prominent place in the diagnosis 
and classification of sports-related muscle 
injury. However, its role in follow-up and 
monitoring of muscle and tendon repair is still 
debated. Muscle injuries have a common 
nature and are most often self-limiting; there-
fore they are usually evaluated clinically and 
do not need further follow-up imaging. 
However, in certain high-stake cases, for 
instance in elite athletes, follow-up MRI visu-
alizing the repair process of the damaged mus-
cle and/or tendon would be of added value. 
This chapter gives an up-to-date overview on 
the role of conventional and advanced MR 
techniques in the process of monitoring mus-
cle and tendon repair, in order to plan and 
guide optimal rehabilitation of the athlete.
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1  Introduction

At the moment of acute injury, the use of mag-
netic resonance imaging (MRI) has taken a 
prominent role in the diagnosis and classifica-
tion of sports-related muscle injury (Mueller-
Wohlfahrt et  al. 2013; Pollock et  al. 2014; 
Wangensteen et  al. 2018). However, its role in 
follow-up and monitoring of muscle and tendon 
repair is still debated. Muscle injuries have a 
common nature and are most often self-limiting 
with adequate nonoperative treatment. 
Therefore, they are usually evaluated clinically 
and do not need further follow-up imaging. 
However, in certain high- stake cases, for 
instance in elite athletes, follow- up MRI visual-
izing the repair process of the damaged muscle 
and/or tendon would be of added value 
(Kerkhoffs et  al. 2013). Ideally, it should pro-
vide additional information which might help 
the treating physician decide on management, 
monitor treatment effects, prevent reinjury or 
exacerbation, and most importantly assist in 
return-to-play (RTP) decision-making. 
Currently, there is an increasing demand for 
MRI in this process of monitoring muscle repair, 
of which this chapter will give an up-to-date 
overview. The chapter focuses on muscle injury 
including the muscle belly itself (mostly based 
on direct injury, consisting of a blow to the mus-
cle) and injury to the myotendinous and myofas-
cial junctions as well as injury of the free/
intramuscular tendon (all mostly caused by indi-
rect injury: tearing due to excessive eccentric 
loading) (Garrett 1990).

The most commonly affected muscles in 
sports-related injury are located in the lower 
extremity: hamstrings, adductor muscles, 
quadriceps, and gastrocnemius muscles, prob-
ably because they cross two joints (Ekstrand 
et al. 2011). Most of the information regarding 
follow- up, prognosis, and RTP of muscle 
injury originates from studies on hamstring 
muscle injury; this forms the basis of our cur-
rent knowledge and the information written in 
this chapter (Slavotinek 2007).

2  Healing Process of Muscle 
and Tendon Injury

To be able to understand the MR features and to 
understand the advanced MR techniques it is 
important to appreciate the pathophysiology of 
the healing process of muscle injury, which can 
be divided into three phases (Järvinen et  al. 
2005). It starts with the “destruction” or “inflam-
matory phase” starting after the injury, in which 
there is rupture of myofibers, the main compo-
nents of a muscle giving it its contractility. A 
hematoma fills the gap, the damaged myofibers 
undergo necrosis, and an inflammatory reaction 
is initiated. Inflammatory cells appear in the 
area by direct influx from damaged blood ves-
sels and by activation of macrophages and fibro-
blasts in the damaged myofibers. The destruction 
phase is followed by a second repair phase start-
ing at days 2–3 and a third remodeling phase, 
which generally show overlap in time. During 
the repair phase, necrotized muscle tissue under-
goes phagocytosis and there is ingrowth of cap-
illary vessels into the damaged tissue. Myofibers 
regenerate and connective (scar) tissue is 
formed. With time, the size of the scar dimin-
ishes, and the ends of the ruptured muscle 
approach each other. It still is not clear whether 
there will ever be a fusion or always be a remain-
ing connective tissue in between. Lastly, in the 
remodeling phase the regenerated myofibers 
mature and the scar tissue reorganizes so that 
the function of the muscle will be restored. 
There is a gradual resolution of edema. The 
injured muscle revascularizes and there is regen-
eration of intramuscular nerves.

Concerning the normal response to tendon 
injury, there are similarities with the healing 
response following muscle injury (Sharma and 
Maffulli 2005). In the inflammatory phase, there 
is an influx of neutrophils followed by mono-
cytes and phagocytes. Necrotic debris is cleared 
by phagocytosis, and angiogenesis and prolifera-
tion of tenocytes are initiated by vasoactive and 
chemotactic factors. These tenocytes are derived 
from either epi/endotenon or surrounding 
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sheet/synovium, and synthesize type III colla-
gen, which peaks in the following (proliferative) 
phase, lasting for several weeks. It should be 
noted that water content is high during this 
phase, which has consequences for interpretation 
of imaging. Subsequently, the final (remodeling) 
phase is subdivided into a consolidation and 
maturation stage and is characterized by 
decreased cellularity and more fibrous repair tis-
sue. In the consolidation phase, tenocytes and 
collagen align in the direction of tensile forces. It 
is at this stage that a higher proportion of type I 
collagen is synthesized. In the maturation phase, 
the fibrous tissue matures over the course of 
months, and tendon vascularity decreases.

3  What the Radiologist Needs 
to Know

3.1  MR Protocol

Most muscle injuries can be visualized with a 
dedicated surface coil. Images should be acquired 
in at least a transverse and a longitudinal plane 

(coronal or sagittal depending on the affected 
muscle), with optional use of multiplanar recon-
structions. Preferably, at least one of these 
sequences includes images of the contralateral 
side. This is important to compare anatomy as 
well as atrophy and fatty infiltration of the 
affected muscle with the asymptomatic side. We 
recommend to place a skin marker at the site of 
maximal tenderness as indicated by the athlete 
(typically a cod-liver oil capsule). To obtain full 
transverse coverage in thigh injuries, two sepa-
rate axial acquisitions should be performed. The 
MR protocol to monitor muscle repair should be 
the same as the protocol used in the diagnostic 
setting and contain at least the following conven-
tional MR sequences (Fig. 1):

 – T1-weighted (W) sequence: ideal to evaluate 
anatomy and assess tendon continuity. 
Furthermore, T1-W images (WI) allow the 
detection of (sub)acute hemorrhage or 
hematoma, fatty infiltration, muscle atrophy, 
and scar tissue formation.

 – PD/T2-W fat-suppressed fluid-sensitive 
sequences: sensitive to muscle damage by the 

a b

Fig. 1 (a, b) 19-Year-old male with left-sided partial- 
thickness conjoined semitendinosus-biceps femoris ten-
don injury. (a) Coronal T2 DIXON image at the time of 
injury showing high-signal-intensity intramuscular hema-

toma and edema. (b) Coronal T2 DIXON image at RTP 
showing almost complete resorption of edema and a thick-
ened fibrous tendon (closed arrow) compared to the 
asymptomatic right side (dashed arrow)
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detection of edematous changes/infiltration as 
high signal. In our institution, we prefer 
DIXON chemical shift imaging to obtain 
homogeneous fat suppression (Maas et  al. 
1999). Alternatively, a STIR sequence can be 
used. In low-grade muscle injuries fluid-like 
signal may be seen at the MTJ dispersing 
alongside the muscle fascicles in a classical 
feathery distribution. In higher grade injuries 
where there is distortion of muscle fibers, 
more organized intramuscular and intratendi-
nous focal areas of high signal appear. 
Depending on the exact location of the injury, 
edema can collect along the myotendinous 
junction or the peripheral myofascial 
junction.

3.2  What to Look for at Follow-Up

It is not yet possible to use conventional MR 
sequences to image the microstructural changes 
within the healing muscle as described previ-
ously. During the process of muscle healing, MR 
imaging using conventional sequences will show 
a series of characteristics that the radiologist 
should mention in his/her report. We highly 
advocate that the radiologist uses the same termi-
nology and grading system used by the referring 
physician. Generally speaking, the most impor-

tant imaging changes that may occur during the 
process of healing muscle are:

 1. Regression of the acute-stage findings: Assess 
the reduction of fluid between the muscle fas-
cicles and perimysial fluid. This amount of 
edema is measured in a simple and reproduc-
ible manner by assessing caudocranial length. 
Follow local preferences; also cross-sectional 
area or volume of T2 hyperintensity can be 
used as a measure for edema reduction. 
Furthermore, assess gap size; in normal 
healing of high-grade muscle injury it reduces 
over time as fibers begin to oppose one another 
(Figs. 1, 2, and 3).

 2. Formation of scar tissue: Fibrosis can be seen 
on MR as low signal intensity at T1-WI and 
high signal intensity at T2-WI in the first few 
weeks (Connell et al. 2004). As the scar devel-
ops, T2 signal of scar tissue becomes hypoin-
tense on all MR sequences and its size 
gradually decreases (Figs.  1, 2, and 3). It is 
important to recognize areas of fibrosis, 
because recurrent tears can occur nearby 
(Koulouris and Connell 2005) (Fig. 3c). It is 
believed that the site of fibrosis alters elastic-
ity of the muscle and contraction mechanics 
during movement and therefore may contrib-
ute to reinjury risk (Silder et al. 2008). Keep 
in mind to always look at the T1-WI when 

*

a

x

c

x

b

Fig. 2 (a–c) 39-Year-old male with complete avulsion of 
proximal hamstring tendons of the left leg. (a) Coronal T2 
DIXON image showing rupture and retraction (arrow) of 
the proximal hamstring tendon with surrounding intra-

muscular edema (*). (b) Coronal T2 DIXON and (c) coro-
nal T1-weighted images at follow-up after 1 year showing 
thickened fibrotic tendon (arrow) and fatty infiltration and 
muscle atrophy (x) as complication
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interpreting the (size of a) scar, because on 
fat-saturated PD/T2-WI, part of the hypoin-
tense signal can be caused by perifocal fatty 
atrophy of the muscle, which will be hyperin-
tense on T1-WI.  Failure to correlate with 
T1-WI may lead to overestimation of scar 
tissue.

 3. Phases of hematoma: Intramuscular and per-
ifascial hematomas have a range of signal 
characteristics varying with the age of the 
hematoma. They resolve over time in a typi-
cal fashion. In the acute period (<48 h) hema-
tomas are typically isointense on T1-WI. In 
the subacute stage (<30  days) hematomas 
have a T1- and T2-hyperintense signal due to 
the accumulation of methemoglobin. Signal 
intensities in a chronic hematoma are hetero-
geneous, but a typical hypointense rim will 
appear based on the deposition of hemosid-
erin and fibrosis. These fibrotic margins will 
contract the lesion over time. The blood deg-
radation products will be absorbed and the 
hematoma will shrink, resolving after 
6–8  weeks (Blankenbaker and Tuite 2010). 
The radiologist should keep in mind that this 
predictable pattern of blood degradation is 
only true for focal hematomas; hemorrhage 
infiltrating the muscle does not evolve in this 
predictable manner (Davis 2008). It is impor-
tant to note that the size of an intramuscular 

hematoma does not correlate necessarily 
with clinical status nor functional deficit. In 
some instances, the elite athlete can engage 
in athletic activity without pain and be 
asymptomatic, even with a large hematoma 
present.

 4. Detection of complications: The injured mus-
cle heals mostly by repair (scar formation) 
instead of regeneration. This causes certain 
complications, of which the radiologist should 
be aware of:

 (a) Atrophy and fatty infiltration: Muscle 
injury may cause changes in the affected 
muscle, namely a loss of muscle volume 
and infiltration of fatty tissue (Fig. 3).

 (b) Myositis ossificans: A common compli-
cation of direct muscle injury by blunt 
trauma in the athlete, resulting from an 
aberrant healing response leading to for-
mation of bone instead of scar tissue. The 
intramuscular hematoma goes through an 
inflammatory, pseudotumor, and chronic 
healing phase, in which MR signal char-
acteristics are at first nonspecific and can 
even be confused with soft-tissue tumors 
(Fig.  4a). Additional testing to rule out 
malignancies can be warranted. At the 
chronic stage, a peripheral calcified rim 
around the lesion appears due to lamellar 
organization of osteoid material (Fig. 4b). 

*

a b c

Fig. 3 (a–c) 19-Year-old male with full-thickness con-
joined semitendinosus-biceps femoris tendon injury. (a) 
Coronal T2 DIXON image at the time of injury showing 
tendon disruption and waviness (arrow), intramuscular 
hematoma, and edema (*). (b) Coronal T2 DIXON image 

at RTP showing resorption of hematoma, edema, as well 
as resolution of waviness of the tendon which is now 
thickened (arrow). (c) Coronal T2 DIXON image after 
1 year showing a re-tear (arrow)
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This can be seen on conventional X-ray 
of CT after 6 weeks.

 (c) Muscle herniation: A focal defect in the 
muscle fascia through which the muscle 
herniates, causing cramping sensation, 
pain, and a palpable mass during 
exertion.

 (d) Tethering of adjacent nerves by scar tis-
sue formation resulting in (traction) neu-
ropathy: This can be seen as increased 
intratendinous signal intensity on fluid- 
sensitive sequences and swelling. This 
MR phenomenon may be subclinical, and 
the imaging findings should thus be cor-
related with the clinical symptoms.

3.3  Advanced MR Techniques

Conventional MR techniques are not convinc-
ingly able to predict RTP and risk for reinjury 
(Reurink et al. 2014; Van Heumen et al. 2017). 
Furthermore, imaging characteristics during the 
healing process of muscle injury do not reflect 

the physical status of the athlete; at RTP most 
athletes still show increased T2 signal at the site 
of injury and MR abnormalities have not com-
pletely resolved (Sanfilippo et  al. 2013; Silder 
et al. 2013; Reurink et al. 2014).

Currently, we monitor the repair process of 
muscle injury in terms of regression of the MR 
abnormalities found at the moment of acute 
injury (Slavotinek 2007). We evaluate morphol-
ogy and signal changes of the injured muscle as 
well as any complications, as described above. 
The major challenge ahead is to visualize the 
invisible: to go beyond imaging resolution and 
try to monitor muscle structure, function, and 
metabolism quantitatively. Quantitative MR 
techniques such as T2 mapping, diffusion- 
weighted/tensor imaging (DWI, DTI), and MR 
spectroscopy are emerging. They are subject of 
many scientific studies and have already shown 
their clinical value in monitoring disease prog-
ress and treatment efficiency in chronic muscle 
injury, (neuro) muscular disorders such as dystro-
phies, or ischemia-induced muscle damage. 
Further scientific effort is needed to translate 

ba
Fig. 4 (a, b) 47-Year- 
old female with myositis 
ossificans as 
complication after 
partial m. rectus femoris 
injury. (a) Coronal 
TIRM showing mass 
lesion (arrow) with 
surrounding edema. (b) 
Anteroposterior X-ray 
showing peripheral 
calcification (arrow) 
which is pathognomonic 
for myositis ossificans
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these findings into the field of acute sports-related 
muscle injury. As for free tendon injury, the role 
of advanced imaging as T2 mapping and DWI 
remains challenging, due to low water content of 
tendons.

In theory, monitoring the healing process of 
acute muscle injury will benefit from the use of 
quantitative imaging techniques since they are 
more reproducible. Interpretation of conventional 
MR imaging is prone to inter- and intra-reader 
variation, whereas quantitative techniques are 
more accurate in measuring changes over time. 
These comparative studies will be of great impor-
tance in monitoring the healing of muscle injury. 
Ideally a reproducible and sensitive technique 
needs to be developed to indicate in which phase 
of muscle recovery the athlete resides, so that a 
more powerful prediction can be made in terms 
of RTP and reinjury risk.

3.3.1  T2 Mapping
T2 mapping quantifies T2 relaxation times in a 
particular tissue; this T2 value provides informa-
tion on the tissues’ water content. T2 values cor-
relate to the degree of activation of muscles, with 
proportionally higher T2 values with higher 
activity in involved muscles (Kinugasa et  al. 
2006). In this way, T2 mapping has shown to be 
able to recognize muscle activation patterns and 
subtle muscle damage (Ganal et  al. 2016; 
Guermazi et al. 2017). In a recent animal study, 
increased T2 values also correlated to the degree 
of muscle damage and inflammatory infiltration 
at histopathological verification (Fu et al. 2019).

Furthermore, T2 mapping can be applied for 
quantitative assessment of fatty degeneration of 
muscles, as a complication of acute muscle or 
tendon injury (Matsuki et al. 2014). Fat deposi-
tion and restricted motion of water molecules 
increase the T2 value of the injured muscle. For 
instance, the most commonly used semiquantita-
tive method in determining fatty infiltration of 
rotator cuff muscle on T1-WI, the Goutallier 
method, is not able to detect subtle differences 
and remains subject to significant intra- and 
interobserver variability. A more accurate method 
to quantify fatty infiltration would be of help in 
monitoring the repair process of muscle injury. A 

challenge is that patients may show concomitant 
edema and inflammatory changes in addition to 
fatty infiltration, which both lead to increased T2 
values (Azzabou et al. 2015; Klupp et al. 2017). 
The use of fat-saturated and fat-suppressed T2 
mapping techniques has been proved to solve this 
(Arpan et al. 2013).

Despite the technical challenges, T2 maps can 
be used theoretically to monitor the repair pro-
cess of muscle injury over time by quantification 
of (microstructural) edema and inflammatory 
changes, as well as fatty degeneration. When we 
are able to quantify subclinical healing patterns 
in a more reproducible and sensitive manner than 
by using conventional T2-WI, this might help in 
providing objective measures for predicting at- 
risk athletes for reinjury or help in determining 
RTP in the future.

3.3.2  Diffusion-Weighted/Diffusion 
Tensor Imaging

DWI is an MR technique that measures differ-
ences in the extent and direction of diffusion of 
water molecules within a tissue (Le Bihan et al. 
1986). Water diffusion in muscles is restricted 
due to the parallel orientation of fibers, which 
creates a physical diffusion barrier. In muscle 
injury, myocyte damage leads to disorganization 
of these barriers and loss of fiber structure and 
hence an increase in diffusion of water molecules 
and a decrease in anisotropy. The formation of 
muscle edema enhances this process, which can 
be quantified by using DTI. The increased diffu-
sivity in the injured muscle is reflected by an 
increase in apparent diffusion coefficient (ADC) 
and a decrease in fractional anisotropy (FA) 
(Yanagisawa et al. 2011; Froeling et al. 2015).

DWI of muscle can help detect minor lesions 
and subclinical changes in muscles after exercise 
that would remain undetected on conventional 
MRI (Froeling et  al. 2015). Hereby, it may 
improve early diagnosis, but may also be a more 
reliable marker for monitoring subtle (subclini-
cal) changes during the healing process of muscle 
injury. In a recent study Agten et  al. quantified 
diffusion in athletes with delayed-onset muscle 
soreness (DOMS) (Agten et al. 2017). The study 
showed subtle temporal changes in ADC and FA, 
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but it furthermore showed a strong inverse corre-
lation between FA and pain, and a normalization 
of FA values when the pain subsided. This shows 
that DTI values might better reflect underlying 
muscle damage compared to edema at conven-
tional fluid-sensitive MR sequences, because 
intramuscular and perifascial edema at T2-WI/
STIR may persist long after the resolution of 
clinical symptoms and RTP (Silder et  al. 2008; 
Sanfilippo et al. 2013; Reurink et al. 2014).

The stages of the muscle-healing process as 
described above correlate to temporal changes in 
FA in several animal studies (Esposito et  al. 
2013; Hata et al. 2018). During the inflammatory 
phase FA sharply decreases since most of the 
anisotropic structure of skeletal muscle is lost in 
injury (already at day 1). During the regeneration 
phase FA elevates to above basal level (days 5–7) 
and during the remodeling phase FA recovers 
back to basal level as the muscle fibers mature 
(Esposito et al. 2013; Hata et al. 2018).

Besides quantitative measurements, DTI can 
be used for muscle fiber tracking. Especially in 
traumatic muscle injuries where fiber orientation 
is disrupted, the use of post-processing can create 
3D images of muscle fiber architecture that might 
assist in defining severity and healing status of 
the injured muscle.

Translating these results to sports imaging, in 
the near future diffusivity measures might be 
applied to monitor the phases of the healing mus-
cle more accurately, as well as the correlation 
with symptoms/physical status of the athlete 
making DWI/DTI a potential clinically relevant 
marker in determining prognosis and RTP and 
monitoring treatment (Froeling et  al. 2015; 
Oudeman et al. 2016).

3.3.3  Spectroscopy
Recent studies demonstrate the added value of 
spectroscopy in the assessment of function 
(Crema et al. 2015), as well as the healing pro-
cess of muscles, ligaments, and tendons (Ban 
et al. 2016). Collagen is one of the key compo-
nents in tendons and ligaments and plays an 

important role in modulating the mechanical 
properties of these structures, which are directly 
linked to the risk of tears, as well as influence the 
healing process (Liu 2008). MR spectroscopy has 
been used to evaluate various metabolites related 
to collagen secretion among tendon and ligament 
fibroblasts. Lactate is involved in tendon and lig-
ament development, and many studies have 
shown that it acts as a mediator promoting colla-
gen secretion from tendon and ligament 
fibroblasts.

Muscle metabolites involved in the energy 
production process utilize mitochondrial ATP, 
and therefore contain phosphorus (Johansen and 
Quistorff 2003). 31P-MR spectroscopy is there-
fore better suited than the widely available 
1H-MR spectroscopy to assess their muscular 
concentrations in vivo and monitor changes over 
time (Taylor 2000). In addition, its quantitative 
and qualitative properties allow early and accu-
rate detection of metabolic abnormalities in ten-
dons, ligaments, and muscles during rest, 
exercise, and recovery and compare these values 
over time (Johansen and Quistorff 2003; Pesta 
et  al. 2013). This technology allows coaches, 
doctors, physiotherapists, rehab specialists, and 
athletes to better understand the underlying func-
tional changes affecting the muscles, compare 
with the contralateral side where relevant, and 
modulate the training protocols to prevent inju-
ries and achieve optimal rehabilitation.

Limitations include the need to perform com-
parative studies on the same scanner and under 
the same scanning parameters to allow reproduc-
ibility of results without the need for recalibra-
tion. Also, cost and time remain relative 
limitations, albeit less relevant in high-level 
 athletic settings due to the relevant risk-benefit 
values.

Being a noninvasive technique renders MR 
spectroscopy a valuable tool in elite athletes and 
can be repeatedly used for follow-up during the 
healing phase, as well as in the quantitative 
assessment of various treatments and interven-
tions in research and clinical settings.
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3.3.4  Ultrahigh-Field MRI
In 2017, the EU and US Food and Drug 
Administration cleared the first 7T MR scanners 
for clinical use (Medgadget.com 2017; Megadget.
com 2017). Over the past decade, the introduc-
tion of 7T MR scanners has reached a worldwide 
level of more than 40, most of which are used for 
research (Trattnig 2013). In general, the increased 
signal-to-noise ratio (SNR) of ultrahigh- field 7T 
scanners offers higher resolution images and 
shorter acquisition times. In the field of MSK 
radiology, 7T MRI has shown its advantage in 
depicting greater morphological detail in carti-
lage and in trabecular bone imaging (Krug et al. 
2009).

Concerning the repair process of muscle 
injury, 7T imaging might further improve diag-
nostic confidence, but the question is whether it 
will improve accuracy regarding morphological 
imaging alone. Nevertheless, to a greater extent, 
quantitative imaging techniques will probably 
profit from increasing field strengths. At the 
moment clinical implementation of advanced 
MR techniques at clinical field strengths, such as 
T2 mapping and DTI is challenging in traumatol-
ogy and sports radiology, in contrast to brain 
imaging where it is widely used to tract white 
matter integrity. Muscle T2 values are typically 
shorter and water proton density is less than that 
of brain. Especially FA measurements and fiber 
tracking suffer from (partial volume) artifacts. 
The increased SNR and resolution of ultrahigh-
field MR imaging can improve this. Another 
drawback of quantitative imaging is long acquisi-
tion times (De Mello et al. 2019). Patient move-
ment causes artifacts and limits FOV in large 
injuries, which can be solved by the more rapid 
scanning which is possible at 7T.

In addition to SNR improvements, spectral 
resolution at 7T is also increased, which contrib-
utes to more reliable quantification of MRS data 
at 7T, and the ability to perform non-proton 
imaging.

4  Conclusion: Outlook 
for the Future

Till now, using MRI in assessing RTP and rein-
jury risk has been challenging, if not impossible, 
for the individual athlete. Functional recovery 
precedes structural recovery at imaging; there-
fore complete regression of (conventional) MR 
abnormalities is not necessarily required for a 
successful return to play. This illustrates the 
importance of the search for sensitive MR mark-
ers to follow the muscle repair process and to be 
able to provide a prognosis as well as play a part 
in RTP decision-making in sports-related muscle 
and tendon damage. As described in this chapter, 
in the future there might be a more prominent 
role for advanced MR sequences and a shift to 
ultrahigh-field MRI for more accurate monitor-
ing of different (stages of) tissue changes in the 
repair process. This will likely complement con-
ventional MRI with T1-WI and T2-WI that might 
be kept to evaluate anatomy and classify muscle 
injury in the more acute stage.

Things to Remember
 1. The role of MRI in follow-up and monitoring 

of muscle and tendon repair is still debated, 
but can be of added value in certain high-stake 
cases, for instance in elite athletes.

 2. The MR protocol for follow-up MRI includes 
T1-W and PD/T2-W fluid-sensitive images 
with multiplanar reconstructions, a dedicated 
surface coil, and imaging of the asymptomatic 
contralateral side.

 3. Important things to look for at follow-up MRI 
are regression of the acute-stage findings, for-
mation of scar tissue, phases of hematoma, 
and possible complications.

 4. Quantitative MR techniques and ultrahigh- 
field MRI might play a more prominent role 
in the future, for more accurate monitoring of 
different (stages of) tissue changes in the 
repair process.
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5  Imaging Boxes
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Abstract

Dynamic high-resolution ultrasonography 
(US) has emerged as the first-choice imaging 
modality to guide musculoskeletal (MSK) 
percutaneous procedures in many articular, 
tendon, and muscle pathologies. The main 
advantages of this imaging modality are the 
lack of ionizing radiations, the real-time visu-
alization of the target structure and the needle 
during the entire procedure, and the global 
low cost of the whole procedure.

US guidance also allows for careful avoid-
ance of crucial structures such as neurovascular 
bundles, thus reducing the risk of complications 
and improving patient outcome in terms of pain 
reduction during and after the procedure.

Sports medicine is a clinical field in which 
ultrasound-guided percutaneous procedures are 
well applied both in muscle injuries (10–55% of 
all sport-related lesions are muscular contusions 
and strains) and in tendon damage besides the 
traditional conservative treatments (rest, ice, 
compression, elevation (RICE) protocols, non-
steroidal anti- inflammatory drugs, physical 
therapy, and functional rehabilitation). In this 
setting, an appropriate ultrasound-guided aspi-
ration procedure (i.e., in hematoma) or ultra-
sound injection procedure with platelet-rich 
plasma (PRP) or stem cells may improve the 
healing process and ensure a rapid return to pre-
injury muscle functionality with an important 
impact especially on professional athletes 
(Orlandi et al., Br J Radiol 89:20150484, 2016).
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1  Basic Clinical Information

A preliminary accurate medical history of the 
patient is recommended. In particular, referring 
to traumatic muscle injuries, it is important to 
know:

• When the trauma happened
• Elucidate the dynamics of the trauma

Further considerations should be focused on:

• Possible history of drug allergies
• Assumption of anticoagulant/antiplatelet 

drugs or presence of blood-thinning patholo-
gies that could cause severe bleeding after the 
procedure

Past medical history, family medical history, 
and personal/social medical history could be 
helpful to correctly evaluate the patient (Orlandi 
et al. 2016).

2  Contraindications, 
Complications,  
and Informed Consent

Ultrasound-guided interventional MSK maneu-
vers are minimally invasive and associated with a 
low complication rate; however the patient must 
be given details about the contraindications and 
potential complications related to the planned 
procedure.

The patients must be clearly informed 
about:

• Pain/soreness during the procedure
• Pain/soreness after the procedure and the pos-

sibility of steroid flare
• Post-procedural indications/rehabilitation
• Potential risk of infection
• Potential risk of tendon rupture

After receiving this information, the patient 
must formally agree to the procedure by provid-
ing both verbal and written informed consent 
(Sconfienza et al. 2011).

3  Patient Positioning

The patient must be placed on the examination 
table in a comfortable position in order to avoid 
any potential movements during the procedure.

4  Antisepsis

Antisepsis includes skin antisepsis, equipment, 
and operator sterility:

• Skin antisepsis: Transient microorganisms are 
removed from the skin using chemical solu-
tions for disinfection; our antisepsis proce-
dure consists of two steps. In the first step a 
brown water-based povidone-iodine solution 
is used and after 3–5 min, in the second step, 
a transparent solution of 70% isopropyl alco-
hol and 2% chlorhexidine is applied. Both 
steps are recommended for adequate skin 
decontamination prior to the insertion of an 
invasive device.

• Aseptic non-touch technique minimizes the 
risk of infection by ensuring that only uncon-
taminated objects/fluids make contact with 
sterile/susceptible sites. The only part of ster-
ile equipment that may be handled is that 
which will not be exposed to the susceptible 
site. Reusable equipment employed during an 
aseptic procedure should be cleaned with 
wipes and must be fit for purpose, i.e., a steel 
dressing trolley for dressing changes. All 
packs/single-use equipment, i.e., dressing 
packs, cannula packs, and syringe packs, must 
be intact, with a still-valid expiration date, and 
without visible signs of contamination.

• Surgical field: Delimitation of the area to be 
operated on is performed by the operator using 
sterile technique, including adhesive sterile 
towels.

• Probe antisepsis: We recommend using a ster-
ile probe cover to ensure complete sterility 
during the procedure. Alternatively, probe dis-
infection may be obtained using specific 
cleaning solutions.

• US contact gel: Conventional US contact gel 
should not be used for aseptic US-guided 
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procedures. However, contact gel is not 
generally used in short procedures (i.e., simple 
injections), as simple skin wetting using anti-
septic solution is generally sufficient to ensure 
optimal contact. For longer procedures, sterile 
contact gel can be applied.

• Operator sterility: Accurate and effective hand 
hygiene is the most important component of 
good infection prevention and control, given 
that the hands are a common route of infection 
transmission. Sterile gloves and gowns are 
also mandatory (Sconfienza et al. 2011).

5  Probe Selection

The choice of the probe is based on the depth of 
the target structure. During MSK interventional 
procedures, linear phased array high-frequency 
probes (5–12  MHz up to 18  MHz) are usually 
preferred because they allow a high-resolution 
visualization of superficial structures. Deep mus-
cle injuries, athletes with large muscular mass, or 
obese patients may require the use of a convex 
probe (3–5 MHz) (Orlandi et al. 2016).

6  Interventional Equipment

Needle choice should be based mainly on the depth 
of the anatomic structure to treat and on the density 
of the drug to inject and/or of the fluid to aspirate.

The choice of syringe size strictly depends on 
the amount of fluid to inject or drain (Orlandi 
et al. 2016).

7  Basic Principles 
of Ultrasound Guidance

The interventional maneuvers can be performed 
using two main approaches: longitudinal/in- 
plane and coaxial/out-of-plane.

• In the longitudinal/in-plane approach, the nee-
dle is placed and inserted parallel to the ultra-
sound beam, on the short side of the probe. 
This approach has the advantage of excellent 
visibility of the needle during the entire proce-
dure, allowing the operator to reach the pre-
cise site of injection/aspiration. An example of 
this approach is reported in Fig. 1a.

a b
Fig. 1 Examples of (a) 
longitudinal/in-plane 
and (b) coaxial/
out-of-plane approaches 
for performing 
ultrasound-guided 
procedures in the 
musculoskeletal system
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• The coaxial/out-of-plane approach is bur-
dened by reduced needle visibility; it can be 
used when the space around the target is 
greatly restricted (Sconfienza et al. 2011). An 
example of this approach is reported in Fig. 1b.

8  Ultrasound-Guided 
Treatment of Traumatic 
Sports Injuries

Contusive and/or strain muscular traumas 
account for the majority of sport-related trau-
matic injuries. Usually, they are managed with a 
conservative approach and heal spontaneously 
after a variable amount of time, with complete 
restitutio ad integrum. In some cases, complica-
tions may occur that can induce many clinical 
manifestations which variably modify patient 
outcome and management during rehabilitation 
period: chronic hematomas may delay the heal-
ing process inducing focal muscle atrophy or 
myositis ossificans phenomena; a predominant 
scar tissue may increase the risk of recurrences 
also leading to chronic pain during contraction 
(Orlandi et al. 2016).

Ultrasound-guided percutaneous procedures 
play an important role in some of those cases, 
such as hematomas and muscle strain injuries.

8.1  Hematomas

Hematomas can be divided according to the loca-
tion into subcutaneous, intrafascial, subfascial, 
and intramuscular.

Muscle hematomas represent the direct conse-
quence of muscle strain or contusions and could 
be less frequently intramuscular (if they are con-
fined between the fibers of a single muscle) or 
more frequently intermuscular if located between 
two or more muscles (along fascial planes).

According to their ultrasound characteristics, 
muscle hematomas can be further classified into 
different stages of maturation. Initially, hema-
toma may demonstrate variable appearance with 
muscle swelling and edema, ranging from 
anechoic or hypoechoic to hyperechoic. As the 
organization progresses in the subsequent 2–3 

days, the walls become more evident and the 
amount of fluid becomes progressively 
hypoechoic or anechoic: this is the ideal time for 
ultrasound examination to detect hematomas in 
case of low-grade muscular strain. In the weeks 
following the injury, the amount of fluid progres-
sively decreases and its echogenicity increases; 
meanwhile, its walls thicken towards the center 
until the fluid closes. Frequently the fluid compo-
nent does not appear as homogeneously hypo- 
anechoic but may present increased central 
echogenicity and fluid/debris levels. A prelimi-
nary ultrasound evaluation before ultrasound- 
guided percutaneous aspiration of a hematoma is 
therefore mandatory in order to characterize the 
correct location and timing for drainage.

Ultrasound-guided percutaneous aspiration is 
the first-line approach in order to drain symp-
tomatic hematomas and chronic muscular hema-
tomas that do not resolve in few weeks and 
predispose to complications such as partial cal-
cification, cyst formation, myositis ossificans, 
and neural compression. Chronic hematomas are 
frequently seen in the triceps surae muscle in 
tennis leg setting, as a consequence of a tear 
involving the aponeurosis between the soleus 
and gastrocnemius muscles. Another common 
location is the vastus intermedius muscle, which 
is particularly prone to developing hematomas 
after direct trauma owing to its location just over 
the femur.

In clinical practice, the ideal timing to drain a 
hematoma is between 1 and 2 weeks after injury 
when the hematoma has sufficiently liquefied 
evaluating its internal echotexture and compress-
ibility with the pressure of the transducer.

Morel-Lavallée lesions are post-traumatic 
hemolymphatic collections occurring after a 
shearing injury with disruption of interfascial 
planes between the subcutaneous fat tissue and 
deep fascia and muscle with most common loca-
tion in the thigh at the level of the greater tro-
chanter or more rarely around the knee, calf, and 
trunk.

When not treated in acute setting, Morel- 
Lavallée lesions may develop an inflammatory 
reaction and, subsequently, a fibrous capsule, 
which contributes to the self-perpetuation and 
eventual slow growth of such processes. Various 
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treatment options are reported and include 
conservative approaches such as compression 
banding, aspiration, surgical drainage, incision, 
and evacuation with or without sclerosing agents 
and radical surgery. The Mayo Clinic experience 
proposed operative intervention in the presence 
of fluid collection >50 mL.

When the lesions are <50 mL, not associated 
with bone fractures and/or infections, and the 
skin is viable, percutaneous aspiration under 
ultrasound guidance is possible.

At ultrasound examination, Morel-Lavallée 
lesions have different possible presentations 
ranging from well-defined hypo-anechoic fluid 
collection called seroma to inhomogeneous echo-
genicity lesion in chronic organizing and/or 
expanding hematoma (Orlandi et al. 2016).

Procedure
Ultrasound-guided needle aspiration of the hema-
toma or Morel-Lavallée lesion can easily be per-
formed with a freehand technique; in the first 
case a 10 mL syringe and an 18–20 G needle are 
typically used, while in the second case a 10 mL 
syringe and an 18–20  G needle or cannula are 
used considering the possible significant dimen-
sions of this kind of lesion.

In order to promote the complete emptying of 
the collection, which is essential to reduce the 
risk of infection and recurrence, it may be helpful 
to press the tissues around it in order to increase 
the amount of fluid to be aspirated. When dealing 
with intrafascial or subfascial hematomas, 1 mL 
of long-acting steroid (triamcinolone acetonide 
or methylprednisolone acetate 40 mg/mL) is then 
injected in the empty cavity of the hematoma in 
order to reduce inflammation.

After the procedure, a thigh elastic dressing 
must be performed in order to reduce the risk of 
recurrences and a period of mild rest of about 
24–48 should be recommended.

One week after the treatment, it is useful to 
perform an ultrasound follow-up and, in case of 
recurrence, it is possible to repeat the procedure. 
Such recurrences are more frequent in the case of 
large collections, not completely emptied or with 
the presence of fibrotic capsule (especially in 
Morel-Lavallée lesions) (Orlandi et al. 2016).

8.2  Muscle Strain Injuries

When a muscular injury is suspected, it is very 
important to start with a precise anamnesis fol-
lowed by a careful clinical examination of the 
muscles and an accurate imaging evaluation.

Imaging evaluation allows confirming the 
lesion, determining its extent and its severity, also 
providing a comprehensive assessment of the 
muscle-tendon-bone chain status and finally 
helping the physician to establish a precise prog-
nosis reducing the risk of recurrence. In this set-
ting, panoramic and highly sensitive MRI 
imaging and high-resolution ultrasound aided 
with dynamic scans during isometric contraction 
of the injured muscular group (against appropri-
ate resistance opposed by the operator) allow 
evaluating the appearance of muscle fibers and 
the site and size of injury (calculated as the per-
centage of cross-sectional area of the muscle and/
or as the longitudinal length of the tear) (Corazza 
et al. 2014).

The healing process is achieved through the 
regeneration of muscle fibers and the formation 
of a fibrotic scar tissue; the balance between 
these two mechanisms (acting simultaneously 
and competitively) represents a crucial point 
because the formation of a dense scar correlates 
with a slower recovery of muscle function and an 
increased risk of recurrence.

In brief
Ultrasound-guided aspiration is the first- 
line approach in order to drain the fluid col-
lected in chronic muscular hematomas 
(1–2 weeks after injury).

The procedure can easily be performed 
with a freehand technique; 10–20  mL 
syringe and 18–20 G needle or cannula are 
generally used. A 1 week follow-up/re- 
aspiration is useful to prevent recurrences. 
A small amount of corticosteroid is also 
injected in the empty cavity of the 
hematoma, especially when a thick fibrous 
capsule is present, in order to reduce 
inflammation.

Imaging-Guided Intervention of Sports Injuries
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Several biological factors such as the platelet- 
rich plasma (PRP) and stem cells can be directly 
injected under ultrasound guidance at the site of 
the lesion to facilitate muscle regeneration, 
improve the healing process, and also reduce the 
risks of dense scar formation (Orlandi et  al. 
2016).

8.2.1  Platelet-Rich Plasma (PRP)
PRP is a platelet-rich preparation obtained from 
centrifugation of peripheral blood. Nowadays 
PRP is applied in various clinical settings includ-
ing sports medicine, where it has been proposed 
for the treatment of muscle and tendon injuries, 
tendinopathies, ligamentous injuries, peripheral 
neuropathies, and plantar fasciitis. A recent meta- 
analysis emphasized that PRP was associated 
with a significant pain reduction at 2 months 
compared with hyaluronic acid, but no differ-
ences were observed at 6- and 12-month follow-
 up (Ye et al. 2018).

The rationale behind PRP use is the ability to 
stimulate the process of tissue regeneration 
through angiogenesis, innervation, and release of 
multiple GFs and cytokines from platelets while 
the local immune response and fibrinogenesis are 
modulated (Orlandi et al. 2016).

The most common PRP types are:

 1. Pure PRP (P-PRP) with low content of 
leukocytes

 2. Leukocyte- and platelet-rich plasma (L-PRP): 
preparation with leukocyte and with low- 
density fibrin network; greater concentration 
of platelets than P-PRP

 3. Pure platelet-rich fibrin (P-PRF): preparation 
without leukocytes and with a high-density 
fibrin network (Allen et al. 2019)

Procedure
The most frequent PRP preparations used in 
sports medicine are L-PRP with 5´ to 8´ 
platelets and leukocytes concentration than 
peripheral blood. The preparation may be 

obtained by using disposable kit (with predeter-
mined PRP concentration, almost no risk of con-
tamination but higher cost) or obtained from the 
transfusion medicine service of the hospital. The 
second method of preparation starts by collecting 
a whole venous blood sample (40–50 mL) from a 
patient usually from the cubital vein, and it is 
mixed with citrate to prevent early clotting. Then, 
it is centrifuged for about 15 min (depending on 
the centrifugation method), and a small sample is 
taken in order to determine the absence of con-
tamination. The centrifugation separates and 
concentrates platelets and, depending on the type 
of preparation, leukocytes from other blood com-
ponents. In the end, usually 4–10  mL of PRP 
solution is obtained. Unactivated PRP must be 
injected in the site of fiber injury as soon as pos-
sible after centrifugation in order to prevent geli-
fication and will be activated by the contact with 
collagen and other tissue factors.

Sometimes the release of platelet granules 
is induced by using exogenous substances 
such as the simultaneous injection of 1–2 mL 
of calcium gluconate solution by a two-way 
syringe.

In our experience, we recommend the use of 
inactivated PRP in larger lesions and/or in par-
ticular involving the epimysium and/or the fas-
cial planes, where up to 10 mL of PRP may be 
injected seeking endogenous physiological acti-
vation through its contact with collagen and other 
inflammatory mediators into the site of the injury 
while exogenously activated 2–6 mL of PRP may 
be used in particular in small, focal intramuscular 
strain, where its potential role in the promotion of 
the fibrin clot may help to speed up the regenera-
tive process. After the procedure a plaster and an 
ice pack are applied.

Finally, early rehabilitative mobilization pro-
tocol should be considered in order to promote 
the mechanical stimuli which are essential to the 
optimal injury recovery (myogenesis stimulation, 
correct alignment of new fires, and proper inner-
vation promotion) (Orlandi et al. 2016).
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9  Ultrasound-Guided 
Treatment of Nontraumatic 
Sports Injuries

Nontraumatic sports injuries mainly affect ten-
dons and joints and are associated with mechani-
cal, chronic-degenerative, and inflammatory 
pathogenic causes.

The diagnosis of these pathologies is often 
clinical, but imaging evaluation is fundamental 
for their confirmation to exclude other associated 
pathologies and as a guidance for percutaneous 
therapies.

9.1  Cysts and Articular Ganglia 
Drainage

Ganglia are tumorlike conditions arising from the 
juxta-articular soft tissue. Synovial herniation 

and tissue degeneration, as well as repeated trau-
mas, are suggested as causes. Although the loca-
tion suggests their origin as the result of synovial 
herniation through a defect in the joint capsule or 
tendon sheath, a patent communication between 
the ganglia and its origin site is quite uncommon. 
Juxta-articular ganglia (or cysts) could also arise 
from a meniscal tear (especially those located 
over the anterior horn of the lateral meniscus) or 
from a glenoid/acetabular labrum tear.

In this setting, ganglia can grow, diminish in 
size, or resolve spontaneously and because of 
their size and location could be painful, could 
cause impingement syndromes, and could com-
press nerves (e.g., posterior glenohumeral joint 
ganglion compressing suprascapular nerve).

Ultrasound-guided treatment of ganglia is 
generally performed for mass reduction or thera-
peutic pain relief. In case of recurrence, surgery 
is advised (Ju et al. 2017).

Procedure
The patient is positioned according to the ana-
tomical location of the ganglion and a US scan is 
made to identify the structure and to assess its 
anatomical extension.

A needle connected to a syringe is inserted 
with an in-plane approach until the needle tip 
enters the bursa or cyst. The content may be 
very dense and drainage could be extremely 
challenging. In these cases, the operator may 
inject in the bursa or in the cyst a small amount 
of local anesthetic (5 mL) to dilute the content 
and aspirate it more easily. A larger shielded 
cannula and application of a manual compres-
sion may also be helpful. A biopsy handle may 
also be used to obtain a more effective vacuum 
effect.

When the cyst is completely drained, a small 
amount of steroid (1 mL) is then injected, visu-
alized with a cloudy hyperechoic appearance. 
This aims to both reduce inflammation and help 
the walls to remain collapsed. The needle is 
then removed, local compression is applied, and 
a plaster is placed over the puncture site. The 

In brief
PRP treatment of muscle tears consists of 
1–3 injections performed weekly after 
muscular injury and is usually considered 
for those lesions involving the myotendi-
nous junction which are usually affected by 
a delayed recovery and high risk of recur-
rence. Following a proper diagnosis and 
preoperative ultrasound planning, in large 
lesions and/or lesions involving the epimy-
sium and/or the fascial planes, PRP treat-
ment is performed by direct US-guided 
injection in the rupture site using 10 mL of 
L-PRP, while small intramuscular and focal 
lesions are treated using 2–6 mL of L-PRP 
usually activated with calcium gluconate 
by simultaneous injection with a two-way 
syringe.

After the procedure early rehabilitative 
mobilization protocol is encouraged in 
order to promote optimal injury recovery.

Imaging-Guided Intervention of Sports Injuries
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patient is kept in observation for about 10 min. 
Pain after treatment may occasionally occur and 
it could be managed using oral NSAIDs.

9.2  Tendinopathies

Tendinopathy is referred to as a general umbrella 
term for pain and swelling of a tendon but 
depending on biomechanical characteristics the 
tendons may be affected by various diseases 
(D’Addona et al. 2017).

Tendons can be distinguished into anchor ten-
dons, which are coated with connective tissue 
called peritenonium (such as the Achilles tendon) 
and sliding tendons, covered with a synovial 
sheath that facilitates their action (such as flexor 
or extensor tendons of the wrist and foot).

Inflammatory and degenerative tendinopathy 
of anchor tendons are characterized by 
degenerative- structural changes in collagen fibers 
associated with fibrotic phenomena and noncon-
stant presence of inflammatory signs, both intra- 
tendinous and of the peritenonium (Maffulli et al. 
2004).

This condition may affect the tendon enthesis 
or the preinsertional tendon portion, resulting in a 
fusiform thickening of the tendon body with 
focal areas of intra-tendinous degeneration, 

depending on the degree of tendinopathy. When 
the degenerative disease chronically affects the 
tendon enthesis, it is often associated with the 
presence of bony spurs and intra-tendinous 
enthesopathic lamellar calcifications (Ferrero 
et al. 2012; Tagliafico et al. 2014; Uygure et al. 
2017).

Sliding tendons are susceptible to tenosynovi-
tis, with or without inflammatory or degenerative 
pathology of the underlying tendon. Acute teno-
synovitis is characterized by a fluid effusion 
within the compartment or the tendon sheath, 
while in chronic tenosynovitis there is synovial 
thickening or proliferation.

9.2.1  Scarification of the Tendons 
(Dry Needling)

Dry needling is an ultrasound-guided procedure 
for the treatment of anchoring tendons consisting 
of multiple fenestration of the affected tendon 
which could be performed alone or combined 
with simultaneous intra-tendinous PRP 
injection.

The purpose of the treatment is to cause local 
hyperemia and bleeding into the tendon, thus 
promoting post-procedural platelet-induced 
recovery phenomena (Sconfienza et al. 2011).

Procedure
A 20 G needle is inserted under in-plane ultra-
sound guidance in the affected portion of the ten-
don to be treated. Anesthetic (up to 5  mL) is 
injected along the path of the needle and in the 
peritendinous soft tissues avoiding intra- 
tendinous injection, which could slow the regen-
erative action of the procedure.

The procedure consists of performing 15–20 
small punctures along the entire thickness of the 
tendon and, when the enthesis is involved, also 
hitting the periosteum in order to promote a mild 
bleeding (Fig. 2).

At the end of the procedure a plaster and ice 
pack are applied and the patient is asked to 
assume paracetamol in case of pain within 48 h 
and to reduce his/her sport activity for 1–2 weeks 
(Sconfienza et al. 2011).

In brief
Ganglia are very common, accounting for 
around 40% of all soft-tissue masses, and 
up to 70% of all ganglia are located around 
the wrist.

Other common locations are the shoul-
der (glenohumeral joint), the hip, and the 
ankle (subtalar joint).

Ganglion may grow, diminish in size, or 
resolve spontaneously.

US-guided treatment of ganglia is gen-
erally performed for diagnostic purposes or 
therapeutic pain relief. Simple ultrasound-
guided aspiration and steroid injection 
helps reducing the mass safely.

D. Orlandi et al.
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9.2.2  Regenerative Treatments
The rationale in the use of PRP or adipose- 
derived mesenchymal stem cells (ASCs) for the 
treatment of intra-tendinous tendinopathies is the 
same as that described in the treatment of muscle 
strain injuries. In the case of PRP the purpose is 
to speed up the physiological tissue regeneration 
tendon while in the case of ASCs it is to partici-
pate directly in the process of tendon regenera-
tion, being able to differentiate into different 
types of cells. In this setting the administration of 
ASCs within their stromal vascular fraction 
(SVF) has recently been shown to be safe in 
orthopedic setting for the regenerative treatment 
of Achilles tendinopathy and plantar fasciitis 
(Fig. 3).

In non-insertional tendinopathy of the Achilles 
tendon, studies agree on the reduction of pain 
after regenerative treatments, but still have dis-
crepancies on the pathogenic mechanisms; it 
seems that in the initial stages there is a treatment- 
induced local inflammation with regional hyper-
emia and mild thickening of the tendon and then, 
after a few months, a thickness reduction of the 
regenerated tendon (Albano et al. 2017).

ASC Preparation and Injection Procedure
A small amount of subcutaneous adipose tissue 
(50  mL) is manually lipoaspirated with a blunt 
19 cm, 13 G aspiration cannula.

The adipose tissue is then processed with a 
dedicated kit, resulting in 10–12 cc of autologous 
micro-fractured lipoaspirate. The disrupted por-
tion of the tissue, including the SVF, is then cen-
trifuged for 10 min at 400 × g. In the last stage of 
preparation 4 mL of ASC with SVF is transferred 
into a syringe ready to be injected.

A 20 G needle is then inserted under in-plane 
ultrasound guidance in the affected portion of the 
structure to be treated. Anesthetic (up to 5 mL) is 
injected along the path of the needle and in the 
peritendinous soft tissues avoiding intra- 
tendinous injection, which could slow the regen-
erative action of the procedure. Care must be 
taken to inject SVF into the thickest part of the 
affected structure, covering the entire degener-
ated area.

After treatment, the patient is advised to walk 
on crutches for 24 h and to use paracetamol in 
case of pain within 48 h.

No specific physical therapy is prescribed 
after the treatment and patients could progres-
sively resume their normal life and sport activi-
ties after 1–2 weeks (Albano et al. 2017).

9.2.3  High-Volume Injection
Many studies have focused on non-insertional ten-
dinopathy of the Achilles tendon, a condition that 
mainly affects runners and in which conservative 
treatments such as anti-inflammatory drugs and 
eccentric exercises have limited efficacy.

^  
^  

^*

°
P

Fig. 2 Pubic symphysis dry needling treatment for 
chronic adductor enthesopathy in a professional athlete. 
P: pubis; ^ needle; ° calcification; * common adductor 
tendon

C

A

*

^

° ° °

Fig. 3 Platelet-rich plasma (PRP) injection treatment for 
Achilles tendon enthesopathy with longitudinal intra- 
substance partial tear. C: calcaneus; A: Achilles tendon; ^ 
needle tip; ° PRP; * deep retrocalcaneal bursitis
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High-volume injection procedure is based on 
peritendinous injection of a large amount (up to 
40 mL) of several substances (isolated or in com-
bination) such as saline solution, local anesthetic, 
corticosteroid, or hyaluronates in cases of inflam-
matory tendinopathy with high intra- and/or peri-
tendinous vascularity.

In this setting, all the previous substances 
injected into the peritoneum have been shown to 
significantly reduce pain and improve tendon 
functionality in the short and medium terms. The 
rationale of the procedure would be due to the 
stretching, rupture, or occlusion of the nerves and 
vessels responsible for inflammation causing the 
patient pain (Maffulli et al. 2013; Boesen et al. 
2017).

Procedure
A 21 G needle is inserted from the lateral aspect 
of the tendon under real-time ultrasound guid-
ance between the deep aspect of the Achilles ten-
don and Kager’s fat pad. Then, 5  mL of local 
anesthetic and up to 40 mL of saline solution are 
injected. Finally, 1  mL of long-acting steroid 
could be injected in the same space (Fig. 4). At 
the end of the procedure a plaster and ice pack are 
applied.

Patients could walk on the injected leg imme-
diately, but are advised strictly to refrain from 
high-impact activity, such as running or jumping, 
for 72 h.

After 72  h, patients are instructed to restart 
heavy eccentric loading under the guidance of a 
certified physiotherapist (Maffulli et al. 2013).

9.2.4  Tendon Synovial Sheath 
Injection

Ultrasound guidance is used in the treatment of 
tenosynovitis to guide the injection of steroid 
anti- inflammatory drugs or low-molecular-
weight hyaluronic acid into the space between 
the synovial sheath and the tendon; it is very 
important to avoid intra-tendinous steroid injec-
tion as it is associated with an increased risk of 
tendon rupture (Orlandi et al. 2014).

A special treatment is reserved for stenosing 
tenosynovitis (such as trigger finger or De 
Quervain’s disease), those diseases in which 
inflammation is partly sustained by the rubbing 
of the tendon with thickened stabilization struc-
tures such as retinacula or pulleys. In these cases 
a first intra-sheath steroid injection is followed by 
a 1–2-week delayed second treatment consisting 
of forced injection of low-weight hyaluronic acid 
into the synovial sheath, which determines 
mechanical stretching and release of the stabili-
zation structures for up to 12 months (Orlandi 
et al. 2015; Callegari et al. 2011).

Procedure
Ultrasound-guided synovial sheath injection is 
generally performed using small-caliber needles 
(27–29  G) in order to minimize the pain per-
ceived by the patient during the procedure.

At the end of the procedure a plaster is applied 
and the patient is asked to assume NSAIDs for 
few days in case of post-procedural pain.
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Abstract
Postoperative shoulder: Normal postoperative 
MRI findings after rotator cuff repair in sport-
ive patients include increased signal of the 
rotator cuff tendons and peribursal soft tissues 
on fluid-sensitive sequences as well as small 
dehiscences of the rotator cuff tendons. The 
postoperative glenoid labrum may be rounded 
or even slightly frayed after Bankart repair; 
however, the labrum should be closely 
attached to the underlying glenoid without 
undercutting joint fluid or contrast medium 
(so-called watertight labrum).

Postoperative hip: Labral tears, cartilage 
defects, and anterior capsular defects are fre-
quent MRI findings in both symptomatic and 
asymptomatic patients 1 year after arthroscopic 
treatment of femoroacetabular impingement. 
Undercorrection of the underlying intra- 
articular impingement abnormality, secondary 
conversion to total hip arthroplasty due to 
osteoarthritis, and intra-articular adhesions at 
the osteochondroplasty site are common indi-
cations for revision surgery in FAI patients.

Postoperative knee: The most frequent 
surgical error causing persistent knee insta-
bility after ACL reconstruction is incorrect 
placement of the femoral and/or tibial tun-
nels. Recurrent trauma causes late ACL graft 
failure due to ACL graft tear. MR imaging 
criteria for a retear of the repaired meniscus 
or after partial meniscectomy are fluidlike 
signal at the repair site with communication 
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to the articular surface, a displaced meniscal 
fragment, presence of a new parameniscal 
cyst, and a new meniscal tear without a pre-
existing tear on preoperative images. Imaging 
findings after cartilage repair may be reported 
according to the MOCART 2.0 
classification.

1  Postoperative Shoulder

1.1  Impingement and Rotator 
Cuff

1.1.1  Objective of Surgery
Surgery in subacromial impingement and rotator 
cuff tear is mainly indicated to increase strength 
and active range of motion as well as to avoid 
irreversible changes to the rotator cuff, including 
tear enlargement and muscle degeneration 
(Tashjian 2012). Subacromial impingement 
symptoms and rotator cuff tears frequently coex-
ist; thus therapeutic surgical procedures in these 
patients commonly consist of both objectives 
(Pierce et al. 2016):

• Subacromial decompression with subacromial 
bursectomy and acromioplasty (Pierce et  al. 
2016)

• Debridement and repair of partial- and full- 
thickness tears of the rotator cuff (Pierce et al. 
2016)

1.1.2  Surgical Procedure 
of Subacromial Decompression

It is hypothesized that subacromial impingement 
symptoms such as pain are caused by contact 
between rotator cuff tendons, osseous spurs of 
the acromion, osseous and capsular hypertrophy 
of the acromioclavicular joint, as well as sub-
acromial soft-tissue structures such as bursa or 
coracoacromial ligament (Beard et al. 2018). As 
a consequence, subacromial decompression aims 
to increase the subacromial space by resection 
and debridement of osseous and soft-tissue struc-
tures to reduce subacromial impingement symp-
toms (Beard et al. 2018).

1.1.3  Normal Postoperative Imaging 
Findings

Postoperatively, the undersurface of the acro-
mion appears flattened at the anterior part of the 
acromion; in particular bony spurs may have 
been resected (Pierce et al. 2016; Mohana-Borges 
et al. 2004). The acromioclavicular joint appears 
widened (1–2  cm) after acromioclavicular joint 
resection (so-called Mumford procedure) 
(Mohana-Borges et  al. 2004). Decreased signal 
intensity in the acromion on T1-weighted or pro-
ton density-weighted and T2-weighted images 
represents fibrosis in the bone marrow. Fluid may 
leak from the subacromial space into the acro-
mioclavicular joint similar to the “geyser sign” 
due to releasement of acromioclavicular joint 
capsule (Pierce et al. 2016; Mohana-Borges et al. 
2004). Subacromial granulation tissue frequently 
develops after subacromial bursectomy and may 
persist for years. Corresponding normal MR 
imaging findings for this subacromial granulation 
tissue are a layer of fluidlike signal and should 
not be confused with inflammation, bursitis, or 
rotator cuff disease (Pierce et al. 2016; Jacobson 
et al. 2011).

1.1.4  Abnormal Postoperative 
Imaging Findings

A cause of persistent shoulder pain after subacro-
mial impingement surgery is incomplete decom-
pression (Pierce et  al. 2016); therefore 
postoperative images should be evaluated for 
residual acromioclavicular joint osteoarthritis 
and subacromial spurs (Pierce et  al. 2016; 
Mohana-Borges et al. 2004). It was shown that a 
persistent spur from the undersurface of the acro-
mion has a high association with residual 
impingement symptoms (sensitivity: 84%, speci-
ficity: 87%) (Magee et al. 1997).

1.1.5  Surgical Procedure of Rotator 
Cuff Repair

Anterior, lateral, and posterior portals are com-
monly placed for arthroscopic rotator cuff recon-
struction. Suture anchors implanted in the 
humeral head and related anchor fibers con-
nected to the tendon reattach the rotator cuff 
tendon with the humeral head to enable 
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transmission of muscular strength. Compared to 
arthroscopy, open or mini open techniques are 
less frequently used in sportive patients due to 
the lower return-to-play time (Pierce et al. 2016). 
Either single- or double- row sutures are placed 
along the medial or lateral margin of the greater 
tuberosity to reattach the tendon to the humeral 
head. Surgical rotator cuff repair techniques are 
mainly influenced by the individual training of 
the shoulder surgeon as well as the size and mor-
phologic aspect of the tendon tear (Beltran et al. 
2014). Major contributors of vascularization of 
the rotator cuff repair are the suture anchor sites 
and peribursal tissues, which may explain in part 
the better rotator cuff repair healing in patients 
treated with double-row techniques (Adler 
2013). The larger the tear the more advantageous 
are double-row techniques.

1.1.6  Normal Postoperative Findings
Imaging findings of postoperative rotator cuff 
tendons are highly variable. The surfaces of the 
postoperative tendon may appear smoothed after 
debridement. Sutures, granulation tissue, and 
fibrosis may cause increased signal intensity on 
fluid-sensitive MRI sequences for several years 
and do not necessarily represent a recurrent 

abnormality (Pierce et al. 2016; Mohana-Borges 
et al. 2004; Beltran et al. 2014).

Solely 10% of repaired rotator cuff tendons 
demonstrate a low signal on T2-weighted MR 
images at any time after surgery (Spielmann et al. 
1999). Thinning and increased signal on 
T2-weighted images may be detectable in asymp-
tomatic patients and do not represent reliable 
imaging characteristics for a retear of the rotator 
cuff repair (Pierce et al. 2016) (Fig. 1). Moreover, 
small residual defects of <1 cm are not obligato-
rily associated with persistent clinical symptoms 
(Zanetti et al. 2000). A postoperative rotator cuff 
is not necessarily watertight; thus contrast leak-
age into the subacromial bursa on CT or MR 
arthrogram images can be considered as normal 
(Mohana-Borges et al. 2004; Zanetti et al. 2000). 
Bone marrow edema in the humeral head adja-
cent to anchor screws in particulate adjacent to 
bioabsorbable anchor screws is a common MR 
imaging finding and should not be misinterpreted 
as a Hill-Sachs lesion (Pierce et al. 2016). It has 
to be considered that some areas of a rotator cuff 
tear were not surgically repaired; thus compari-
son between preoperative imaging, surgical 
report, and postoperative images enables a more 
specific radiological report.

a b

Fig. 1 (a and b) 45-year-old female patient underwent 
reconstruction of the supraspinatus and subscapularis ten-
don 12 months ago. (a) Postoperative coronal proton 
density- weighted and (b) sagittal STIR MR images dem-

onstrate intact supraspinatus (black arrows) and subscapu-
laris (white arrow) tendon reconstruction with increased 
fluid signal in the tendon without neither a cleft nor a 
discontinuation
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1.1.7  Abnormal Postoperative 
Imaging Findings

An anchor screw dislocation also known as 
anchor screw pullout represents a typical, 
 however rare, imaging finding of a failed rotator 
cuff repair (Pierce et al. 2016) (Fig. 2). Recurrent 
rotator cuff tears after reconstruction are also 
related to fixation failure at the bone such as 

suture breakage (Pierce et  al. 2016). The MRI 
criteria for diagnosing recurrent full-thickness 
rotator cuff tears are similar to those of tears on 
preoperative images: a tendon dehiscence and the 
presence of fluid or contrast material on arthro-
grams in the tendinous gap (Mohana-Borges 
et  al. 2004) (Fig.  3). Partial-thickness recurrent 
tears are difficult to distinguish from granulation 

a b

Fig. 3 (a and b) 53-year-old male patient underwent 
rotator cuff repair (supraspinatus). Patient reported persis-
tent pain. (a) 24-Month postoperative coronal fat- 
suppressed T1-weighted and (b) sagittal STIR MR 

arthrography images demonstrate linear and articular 
sided contrast within the tendon reconstruction (arrows) 
representing a recurrent articular sided and interstitial 
partial-thickness tear of the supraspinatus tendon

a b

Fig. 2 (a and b) 24-year-old male underwent SLAP and 
rotator cuff repair. Patient reported persistent pain 2 years 
after surgery. (a) Postoperative coronal proton density- 
weighted coronal image and (b) sagittal fat-suppressed 

T2-weighted MR images demonstrate a dislocated supra-
spinatus anchor in the axillary recess (arrows). Anchor 
dislocation frequently implicates a failure of the surgical 
treatment
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tissue or fluid trapped in sutures. A specific sign 
for a retear after rotator cuff repair is contrast 
media penetration within a dehiscence of a ten-
don repair of more than 1 cm, because granula-
tion tissue is not replaced by contrast media 
(Mohana-Borges et al. 2004; Zanetti et al. 2000). 
Not surprisingly, recurrent full-thickness tears 
(sensitivity 84%, specificity 91%) are more accu-
rately diagnosed compared with partial-thickness 
tears on MRI arthrography (sensitivity 83%, 
specificity 83%) (Pierce et al. 2016; Magee et al. 
1997).

Things to Remember
The normal postoperative rotator cuff and peri-
bursal soft tissues frequently demonstrate 
increased signal on fluid-sensitive sequences and 
small tendon dehiscences of the rotator cuff. CT 
arthrography and MR arthrography increase the 
diagnostic accuracy for the assessment of the 
repaired rotator cuff.

1.2  Shoulder Instability

1.2.1  Objective of Surgery
The primary objective of surgery in patients with 
recurrent shoulder dislocations is restoration of 
shoulder stability (Zimmermann et al. 2016).

1.2.2  Surgical Procedure
Arthroscopic Bankart soft-tissue repair and open 
coracoid transfer according to Latarjet (so-called 
Latarjet procedure) are the most frequent surgical 
approaches to regain stability in the shoulder 
(Zimmermann et al. 2016).

Labral repair (so-called Bankart soft-tissue 
repair), frequently in combination with capsulor-
rhaphy: Arthroscopic refixation of the torn gle-
noid labrum by absorbable tacks (so-called 
Warren procedure), transglenoid sutures (Caspari 
procedure), or suture anchors (Snyder procedure) 
(Mohana-Borges et al. 2004). Capsulorrhaphy is 
a soft-tissue reconstruction procedure to tighten 
the capsule, for instance by a T-shaped incision 
and subsequent overlapping sutures (Mohana- 
Borges et al. 2004).

Osseous reconstruction: The glenoid is aug-
mented by transferring the coracoid process to 

the anteroinferior glenoid with an associated 
screw fixation (so-called Latarjet-Bristow proce-
dure) (Pierce et al. 2016). Comparing the Bristow 
and Latarjet techniques, the osteotomy of the 
coracoid process is closer to the basis in the 
Latarjet procedure, while the Bristow technique 
transfers rather the coracoid tip (Figs. 4 and 5). 
As a consequence, the coracoid bone block is 
larger in the Latarjet procedure compared to the 
Bristow procedure. The coracoid bone block 
transfer includes a transfer of the short head of 
the biceps and coracobrachialis tendons (so- 
called conjoint tendon). The Latarjet-Bristow 
procedure regains stabilization of the shoulder by 
restoration of the osseous shape of the glenoid, a 
sling effect of the transferred conjoint tendon, 
and shoulder capsule repair (Pierce et al. 2016).

An engaging Hill-Sachs lesion is a risk factor 
for recurrent shoulder dislocations (Soterios et al. 
2013). A remplissage procedure aims to restore 
the humeral head anatomy of the Hill-Sachs lesion 
by an infraspinatus tenodesis and the posterior 
capsule (Pierce et al. 2016). Bone graft filling of 
the Hill-Sachs lesion is a further surgical approach 
as a treatment of engaging Hill-Sachs lesions.

1.2.3  Normal Imaging Findings
The labrum at the anteroinferior glenoid margin 
appears hypointense to intermediate signal 
intense on MR images after Bankart soft-tissue 
repair (Pierce et al. 2016; Sugimoto et al. 2002). 
The labral contour may be rounded or even 
slightly frayed. The labrum after Bankart repair 
should be closely attached to the underlying gle-
noid without undercutting joint fluid or contrast 
medium (Pierce et al. 2016) (so-called watertight 
labrum). A small amount of contrast may under-
cut the periphery of the labrum, but the majority 
of the repaired labrum has to be reattached to the 
glenoid. The inferior glenohumeral ligament and 
anteroinferior capsule may be more restricted 
after capsulorrhaphy.

1.2.4  Abnormal Postoperative 
Imaging Findings

Detachment or displacement of the reattached 
labrum is an evidence of labral repair failure 
(Fig.  6). Suture anchors may stick out over the 
glenoid cartilage surface and cause humeral head 
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cartilage defects. Suture anchors may even fully 
dislocate and cause synovitis (Pierce et al. 2016).

Complications of Latarjet procedure occur 
between 7% and 30% and include infection, 
recurrent instability (up to 8%) (Dauzère et  al. 

2016), fracture or nonunion of the bone graft, and 
loosening of screws (Pierce et  al. 2016). A too 
medial (=deep) transferred bone block is a major 
risk factor for recurrent shoulder instability 
(Pierce et al. 2016). Too much lateral overhang of 

Fig. 4 21-Year-old male patient underwent a Latarjet 
procedure. Postoperative transversal (upper row) and sag-
ittal (bottom row) CT images as well as 3D reconstruction 

(bottom right) demonstrate the osteotomy site of the cora-
coid process (white arrow) and the correct position of the 
transferred bone block (black arrows)

a b

Fig. 5 29-Year-old male underwent Latarjet procedure. (a) Transversal proton density-weighted and (b) coronal STIR 
MR images demonstrate the correct position of the bone block and its screws (arrows)
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the transferred bone block or fixation screws pre-
disposes to impingement and subsequent 
osteoarthritis.

Things to Remember
The normal postoperative labral contour may be 
rounded or even slightly frayed after Bankart 
repair. The labrum after Bankart repair should be 
closely attached to the underlying glenoid with-
out undercutting joint fluid or contrast medium 
(so-called watertight labrum).

1.3  Long Head of the Biceps 
Tendon and SLAP Lesion

1.3.1  Objective of Surgery
Surgical procedures due to SLAP (superior 
labrum anterior to posterior) lesions and long 
head biceps tendon disorders are common in 
sportive patients and represent a common cause 
of shoulder pain, in particular in overhead throw-
ing athletes (Cvetanovich et al. 2019).

1.3.2  Surgical Procedure
SLAP lesions and long head biceps tendon dis-
orders can be surgically treated by debride-
ment, repair of the SLAP lesion, tenodesis, or 

tenotomy of the long head of the biceps 
tendon.

In tenotomy procedures the long head of the 
biceps tendon is cut and the released tendon 
retracts distally. A tenodesis procedure attaches 
the long head of the biceps tendon stump to the 
humerus proximal to the pectoralis major inser-
tion (Pierce et al. 2016). Long head biceps teno-
desis is more favored in sportive patients due to 
diminished symptoms during lifting activities 
(Gill et al. 2001; Hsu et al. 2011).

A type I SLAP tear (labral fraying) is treated 
with labral debridement; type II with repair, 
tenotomy, or tenodesis; type III is treated with 
debridement of the labral bucket handle tear; and 
type IV with debridement and tenotomy or teno-
desis of the long head of the biceps tendon (Popp 
and Schöffl 2015). Type II lesions are most com-
mon in sportive patients and athletes (Pierce et al. 
2016; Popp and Schöffl 2015).

1.3.3  Normal Postoperative Findings
The biceps anchor after SLAP debridement or 
SLAP repair may appear more diminutive and 
slightly frayed; however no contrast should 
extend into the repaired superior labrum (Pierce 
et al. 2016; Popp and Schöffl 2015).

a b

Fig. 6 33-Year-old male snowboarder underwent labral 
refixation. Patient reported painful shoulder after postop-
erative trauma. 12-Month transversal T1-weighted MR 

arthrography images demonstrate labral fragmentation 
and dislocation (white arrows) representing a recurrent 
labral tear. Labral anchor in correct position (black arrow)
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Normal postoperative findings after long head 
biceps tenotomy include retraction of the biceps 
tendon into the bicipital groove. In contrast, after 
long head biceps tenodesis suture anchors or 
screws are found at the level of or adjacent to the 
bicipital groove. The intra-articular segment of 
the biceps tendon is absent after both tenotomy 
and tenodesis of the long head of the biceps ten-
don. Thus an empty rotator cuff interval after 
tenotomy or tenodesis should not be misinter-
preted as a long head biceps tear. Moreover 
implants of radiolucent anchors on conventional 
radiographs should not be mistaken as an osseous 
lesion (Pierce et al. 2016).

1.3.4  Abnormal Postoperative 
Findings

Undercutting joint fluid or contrast medium on 
arthrograms represent imaging findings of a 
SLAP repair failure. Tendon pullout due to a dis-
lodged biceps tenodesis screw/anchor is not 
uncommon. Humeral fractures at the tenodesis 
site have been reported rarely (Virk and Nicholson 
2016). Groove pain may be present at the site of 
the fixation of the tendon (Fig. 7).

Things to Remember
Undercutting joint fluid or contrast medium on 
arthrograms represents an imaging finding of a 
SLAP repair failure. Tendon pullout due to a dis-
lodged long head biceps tenodesis is not an 
uncommon complication.

2  Postoperative Hip

2.1   Femoroacetabular 
Impingement Surgery

2.1.1 Objective of Surgery
The main objectives of joint preservation surgery 
in femoroacetabular impingement patients are 
pain reduction, increasing the range of motion 
and prevention of early osteoarthritis of the hip.

2.1.2  Surgical Procedures
Open surgical hip dislocation, surgical minimal 
invasive direct approaches, hip arthroscopy, 
reverse periacetabular osteotomy, and 
combinations are common surgical interventions 
to correct the underlying abnormality of the 

a b

Fig. 7 (a and b) 46-year-old male patient underwent long 
head biceps tenodesis. The patient reported recent trauma. 
(a) 20-Month postoperative transversal proton density- 
weighted and (b) sagittal STIR MR arthrography images 
demonstrate a tendon pullout with a displaced suture 

stump from the suture anchor (black arrows). Tenodesis 
anchor in correct position (white bold arrows). Additional 
full-thickness tear of the subscapularis tendon (white nar-
row arrow)
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femur and/or acetabulum in femoroacetabular 
impingement (FAI) patients (Dietrich et  al. 
2013a, b, 2017).

2.1.3  Normal Postoperative Findings
Correction of the underlying osseous abnormal-
ity in FAI patients can be assessed by comparison 
between preoperative and postoperative conven-
tional radiographs and cross-sectional images, 
preferentially MRI and MR arthrography (Fig. 8) 
(Dietrich et al. 2013a, b, 2017).

In general, cam-type deformity is pronounced 
at the femoral-head neck junction anterosuperi-

orly (Sutter et al. 2012a; Zingg et al. 2013). Thus, 
radial CT or MR images are recommended for 
evaluation of the resection site (so-called 
osteochondroplasty) of the cam-type deformity, 
because radial cross-sectional images enable a 
better evaluation of the preoperative and/or post-
operative cam-type deformity compared to trans-
verse, coronal, or sagittal cross-sectional images 
(Sutter et al. 2012a).

Variants of the labrum and cartilage such as 
sublabral recess, capsular synovial plicae, or 
supra-acetabular fossa as a pseudodefect of the 
acetabular cartilage are common and may be 

a

b

Fig. 8 (a and b)18-Year-old female patient underwent 
arthroscopy for treatment of FAI symptoms. (a) 
Preoperative anteroposterior and cross-table lateral radio-
graphs demonstrate bony cam-type FAI deformity (black 

arrows). (b) 6-Week postoperative radiographs illustrate 
technical successful and sufficient arthroscopic resection 
of the cam-type deformity (white arrows) (so-called 
osteochondroplasty)
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identified in the postoperative FAI patient 
(Studler et  al. 2008; Omoumi and Vande 2017; 
Dietrich et al. 2012). A congenital absence of the 
ligamentum teres has a low prevalence; neverthe-
less this rare variant should not be reported as an 
iatrogenic injury after arthroscopy (Omoumi and 
Vande 2017). In contrast a missing ligamentum 
teres is a normal postoperative finding after open 
surgical hip dislocation.

Pincer-type impingement configuration on 
MR images such as cranial retroversion of the 
acetabulum was observed in approximately one- 
third of all asymptomatic volunteers (Bensler 
et al. 2019). A wide overlap of acetabular depth 
measurements on MRI between asymptomatic 
volunteers and patients with pincer- or mixed- 
type FAI was also found (Bensler et  al. 2019). 
Thus, MR images are limited for the discrimina-
tion of asymptomatic volunteers from pincer- 
type FAI patients (Bensler et al. 2019).

Interestingly, a high prevalence was shown for 
labral tears (52%), acetabular cartilage defects 
(47%), and femoral cartilage defects (30%) in 
FAI patients without previous surgery (Tresch 

et al. 2017). Moreover, intra-articular adhesions, 
labral tears, cartilage defects, and anterior 
 capsular defects are frequent findings on MR 
images in both symptomatic and asymptomatic 
patients 1 year after arthroscopic treatment of 
femoroacetabular impingement (Kim et  al. 
2017): Adhesions between the joint capsule and 
the femoral neck anteriorly were found in 35% 
whereas obliteration and bandlike adhesions of 
the paralabral sulcus were detected between 94% 
and 100% of both asymptomatic and symptom-
atic postoperative FAI patients 1 year after 
arthroscopic treatment for FAI (Kim et al. 2017). 
Residual labral tears were found between 35% 
and 53% whereas acetabular and femoral carti-
lage defects were found between 12% and 41% 
of both asymptomatic and symptomatic postop-
erative FAI patients 1 year after surgical treat-
ment of FAI.  Between 47% and 77% of all 
asymptomatic and symptomatic postoperative 
FAI patients demonstrated anterior capsular 
defects with a mean capsular defect size between 
21 mm and 27 mm (Fig. 9). It has to be stated that 
a uniform distribution between symptomatic and 

a b

Fig. 9 (a and b) 18-year-old male patient underwent 
arthroscopy for treatment of FAI symptoms. (a) 
Preoperative sagittal fat-suppressed proton density- 
weighted MR image demonstrates intact anterior joint 
capsule (white arrow). (b) 4-Year postoperative sagittal 

fat-suppressed proton density-weighted MR image dem-
onstrates anterior capsular defect (black arrow). Anterior 
capsular defects after arthroscopic treatment of FAI are 
frequent findings on MR images in both symptomatic and 
asymptomatic patients
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asymptomatic patients 1 year after arthroscopic 
FAI treatment was found without significant dif-
ferences for the aforementioned apparent abnor-
mal MR imaging findings (Kim et  al. 2017). 
Thus, the presence of intra- articular adhesions, 
labral tears, cartilage defects, and anterior capsu-
lar defects on postoperative MR arthrography is 
not necessarily associated with symptoms in 
postoperative FAI patients (Dietrich et al. 2017; 
Kim et al. 2017).

2.1.4  Abnormal Postoperative 
Findings

 Undercorrection
Undercorrection of the underlying mechanical 
conflict is the most common surgical failure and 
most frequent indication for revision surgery 
within the first 2 years after FAI surgery (Fig. 10) 
(Dietrich et  al. 2013a, b, 2017). Residual cam- 
type, pincer-type, and mixed-type FAI 

a

b

Fig. 10 (a and b) 21-year-old male patient underwent 
arthroscopy for treatment of FAI symptoms. (a) 
Preoperative anteroposterior and cross-table lateral radio-
graphs of the cam-type deformity demonstrate bony cam- 
type FAI deformity (black arrows). (b) Intraoperative 

radiographs illustrate undercorrection with a residual 
cam-type deformity at the arthroscopic resection site 
(white arrows) (so-called osteochondroplasty). 
Subsequently, the patient underwent revision arthroscopy 
due to residual FAI symptoms
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configuration or extra-articular contributors to 
FAI symptoms such as subspine impingement 
configuration, ischiofemoral impingement, 
abnormal femoral antetorsion, and spinopelvic 
parameters should be evaluated on images in 
patients with persistent or recurrent hip and/or 
groin pain after FAI surgery (Dietrich et  al. 
2013a, b, 2017; Sutter and Pfirrmann 2013; Sutter 
et al. 2012a, b, 2015; Mascarenhas et al. 2018).

Mean alpha angles of 38° after arthroscopic 
correction (compared to a preoperative alpha 
angle of 59°) as well as 39° after open surgical 
correction (compared to a preoperative alpha 
angle of 57°) of the osseous cam-type abnormal-
ity on cross-table lateral radiographs were 
reported (Zingg et al. 2013). On MRI, the preop-
erative mean alpha angle of 60° in both the 
arthroscopic group and open surgery group was 
reduced to 43° in arthroscopically treated patients 
compared to a higher mean alpha angle of 48° in 
open surgery group patients (Zingg et al. 2013).

The mean preoperative alpha angle on Dunn 
view radiographs was significantly reduced from 
70° preoperatively to 43° at 2 weeks and 2 years 
after arthroscopic resection of the cam-type 
deformity at the femoral head-neck junction 
(Gupta et al. 2014). Thus, it was concluded that 
no recurrence of cam-type configuration occurred 
at 2-year follow-up after arthroscopic treatment 
of femoroacetabular impingement (Gupta et  al. 
2014).

One may recommend determining routinely 
femoral antetorsion values in FAI patients 
because increased or decreased femoral antetor-
sion values are contributors to FAI symptoms 
(Sutter and Pfirrmann 2013; Sutter et al. 2012a, 
b, 2015). Normal femoral antetorsion values in 
an asymptomatic volunteer population with an 
age between 20 and 50  years (mean age: 
34.4  years) were 17°  ±  10.6 for females and 
9°  ±  7.4 for males (Sutter et  al. 2012a, b). 
Pathological femoral antetorsion measurements 
may influence surgery; for instance a more exten-
sive femoral excision osteochondroplasty may be 
indicated in FAI patients with abnormally 
decreased femoral antetorsion values to avoid 
postoperative hip and groin pain compared to 
FAI patients with normal femoral antetorsion val-

ues (Sutter and Pfirrmann 2013; Dietrich et  al. 
2017). Scout-like MR image quality is sufficient 
for femoral antetorsion measurements. The addi-
tional acquisition time for these scout-like MR 
images is between 1 and 2  min (Sutter et  al. 
2012a, b; Dietrich et al. 2016).

Spinopelvic parameters were significantly dif-
ferent in symptomatic FAI patients compared to 
asymptomatic volunteers. FAI patients demon-
strated significantly more anterior pelvic tilt, sig-
nificantly higher sacral slope (41°  ±  6° versus 
48° ± 6°) and significantly higher pelvic incidence 
(47° ± 7 versus 51° ± 7°) compared to asymptom-
atic volunteers (Mascarenhas et  al. 2018). 
Spinopelvic parameters can be measured on MRI, 
upright whole-spine radiographs obtained with a 
standard digital radiography system, or low-dose 
biplanar X-ray unit (Mascarenhas et  al. 2018; 
Dietrich et al. 2013b).

 Overcorrection
Extensive acetabular rim trimming, in particular 
in borderline dysplastic hips, may cause micro- 
instability/instability of the hip due to an insuffi-
cient acetabular coverage of the femoral head. 
Moreover, extensive acetabular rim trimming 
contributes to premature osteoarthritis of the hip 
(Dietrich et al. 2017; Steppacher et al. 2014).

Excessive osteochondroplasty at the femoral 
head-neck junction decreases the weight- carrying 
capacity of the femur. Non-displaced stress or 
insufficiency femoral neck fractures were 
observed between 0.1% and 1.9% as an early 
complication 4 ± 4 weeks postoperatively in sur-
gically treated FAI patients. Postoperative FAI 
patients with stress/insufficiency femoral neck 
fractures demonstrated significant smaller alpha 
angels compared to postoperative FAI patients 
without a femoral fracture (35°  ±  4° versus 
41° ± 6°) (Dietrich et al. 2017; Zingg et al. 2014).

 Osteoarthritis
One specific objective of joint preservation sur-
gery in FAI patients is to prevent premature 
osteoarthritis of the hip. Continuation of hip joint 
degeneration and subsequent early postoperative 
osteoarthritis with conversion to total hip arthro-
plasty implicate a failure of the joint preservation 
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surgery in FAI patients (Fig. 11) (Dietrich et al. 
2017). Secondary conversion rate to total hip 
arthroplasty was 2.9% after hip arthroscopy in a 
systematic review with more than 6000 FAI 
patients and a mean follow-up of 2 years (Harris 
et al. 2013). Patients presenting with substantial 
osteoarthritis (Kellgren-Lawrence grade 3), a 
joint space of 2 mm or less on preoperative con-
ventional radiographs, as well as patients 
 demonstrating severe cartilage defects, acetabu-
lar subchondral edema, and cysts on MR images 
are linked with a poorer clinical outcome after 
FAI surgery and are more likely to undergo early 
secondary conversion to total hip arthroplasty 
(Steppacher et  al. 2014; Herrmann et  al. 2016; 
Krych et al. 2016).

 Adhesions
Intra-articular adhesions between the joint cap-
sule and the femoral head-neck junction anteri-
orly at the osteochondroplasty site are considered 
as a postoperative scar tissue which may cause 
limited range of motion, soft-tissue impinge-
ment, and pain in the postoperative FAI patient 
(Fig.  12) (Dietrich et  al. 2013a, b, 2017). As a 
consequence, intra-articular adhesions are one of 

the indications for revision surgery to perform an 
adhesiolysis. Painful intra-articular adhesions 
were diagnosed in 9 of 42 revision hip arthros-
copy FAI patients (Newman et al. 2016).

Fig. 11 41-Year-old male patient underwent conversion to total hip arthroplasty due to continuation of hip joint degen-
eration (=osteoarthritis) after surgical treatment of FAI symptoms

Fig. 12 34-Year-old female patient underwent open sur-
gery for treatment of FAI symptoms. 1-Year postoperative 
transverse T2-weighted MR image demonstrates intra- 
articular adhesions between the joint capsule and the 
femoral head-neck junction anteriorly at the osteochon-
droplasty site (white arrow)
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One may recommend injecting intra-articu-
lar contrast media during an arthrography pro-
cedure at the femoral head rather than at the 
femoral neck to enable an easy intra-articular 
contrast media administration and to avoid 
intra- articular contrast media injection into 
adhesions between the joint capsule and the 
femoral neck anteriorly in postoperative FAI 
patients. A contrast media injection into adhe-
sions complicates both diagnosis of adhesions 
between the joint capsule and the femoral neck 
anteriorly and a successful intra-articular con-
trast agent administration (Dietrich et  al. 
2017).

 Avascular Necrosis of the Femoral  
Head, Heterotopic Ossification, 
and Iatrogenic Intra-articular  
Injuries
Avascular necrosis of the femoral head has never 
been reported after open surgical dislocation 
(Ganz technique) of the hip for treatment of FAI 
(Dietrich et al. 2017). Avascular necrosis of the 
femoral head after hip arthroscopy is very uncom-
mon; a systematic review reported 10 cases of 
avascular necrosis of the femoral head in an 
observational cohort of 6134 patients (Harris 
et al. 2013).

Heterotopic ossifications were observed in 
approximately one-third of all patients in the 
early days of hip joint preservation surgery 
(Ganz et  al. 2001). Routine administration of 
nonsteroidal anti-inflammatory drugs prevents 
heterotopic ossifications in hip arthroscopy 
patients. Both selective and nonselective non-
steroidal anti- inflammatory drugs decrease the 
frequency and amount of heterotopic ossifica-
tions (Zhang et al. 2019). Thus, less than 5% of 
hip arthroscopy patients treated with nonsteroi-
dal anti- inflammatory drugs to prevent hetero-
topic ossifications demonstrate heterotopic 
ossifications on conventional radiographs 
(Beckmann et al. 2015). Moreover, revision sur-
gery due to heterotopic ossifications in hip 
arthroscopy patients treated with nonsteroidal 
anti-inflammatory drugs to prevent heterotopic 
ossifications is exceedingly rare (Dietrich et al. 
2017).

Iatrogenic intra-articular injury of the femoral 
head cartilage or acetabular labrum during portal 
placement or exchange of the instruments (so- 
called scope trauma) is infrequent and occurs in 
approximately 1% (Dietrich et al. 2017).

Things to Remember
Labral tears, cartilage defects, and anterior cap-
sular defects are frequent findings on MR images 
in both symptomatic and asymptomatic patients 
1 year after arthroscopic treatment of femoroac-
etabular impingement. Undercorrection of the 
underlying intra-articular impingement abnor-
mality, osteoarthritis with secondary conversion 
to total hip arthroplasty, and intra-articular adhe-
sions between the joint capsule and the femoral 
head-neck junction anteriorly at the osteochon-
droplasty site are common indications for revi-
sion surgery in postoperative FAI patients.

3  Postoperative Knee

3.1  Anterior Cruciate Ligament 
Reconstruction

3.1.1  Objective of Surgery
The primary objective of anterior cruciate liga-
ment (ACL) reconstruction is restoration of the 
function, specifically anteroposterior and rota-
tional stability of the knee after an ACL rupture. 
Moreover, ACL reconstruction should avoid or at 
least decelerate posttraumatic osteoarthritis of 
the knee (Krause et al. 2018; Musahl and Karlsson 
2019). ACL reconstruction is widely acknowl-
edged as the reference standard of treatment for 
regaining knee stability, as well as increasing 
knee function and quality of life after an ACL 
injury, in particular in young athletes with the 
ambition to keep up in their demanding sport 
activities (Krause et  al. 2018; Musahl and 
Karlsson 2019).

It has to be considered that conservative treat-
ment of a torn ACL is an alternative (Krause et al. 
2018). A recent systematic review retrieved 
exclusively two prospectively randomized con-
trolled trials comparing conservative treatment 
and ACL reconstruction (Krause et  al. 2018; 
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Frobell et al. 2013, 2010; Tsoukas et al. 2016). 
These both randomized controlled trials reported 
conflicting knee stability scores after surgical 
treatment in comparison with conservative treat-
ment of an ACL rupture (Krause et  al. 2018; 
Frobell et al. 2013, 2010; Tsoukas et al. 2016). In 
addition, literature does not provide definitive 
scientific evidence for a potential protective 
effect of anterior cruciate ligament reconstruc-
tion regarding prevention of long-term posttrau-
matic osteoarthritis of the knee after an ACL 
rupture (Harris et al. 2017). For instance, a higher 
proportion of patients (41%) presented with 
osteoarthritis of the knee after ACL reconstruc-
tion compared to a lower percentage of patients 
(31%) with osteoarthritis of the knee after con-
servative treatment at 12-year follow-up (Fig. 13) 
(Harris et  al. 2017). In conclusion, although 
research for decades was conducted in the field of 
treatment after an ACL injury, one may admit a 
lack of high-quality investigations to identify the 

best treatment concept of a torn ACL in adults 
(Krause et al. 2018; Smith et al. 2014).

3.1.2  Surgical Procedures
Bone-patellar tendon-bone autografts and ham-
string autografts of the semitendinosus and graci-
lis tendons are most frequently used grafts for 
anterior cruciate ligament reconstruction.

3.1.3  Normal Postoperative Findings
The radiographic quadrant method, an assess-
ment technique for determination of the optimal 
placement of the intra-articular opening of the 
femoral tunnel on lateral radiographs, was pro-
posed by Bernard et al. (1997). First, a rectangle 
with its sides along the Blumensaat’s line, the 
distal, proximal, and posterior contour of the 
femoral condyles is created. Subsequently the 
rectangle is divided into a grid by quartering the 
long and short axes (Fig.  14a) (Bernard et  al. 
1997; Srinivasan et  al. 2018). An optimal 

Fig. 13 49-Year-old male patient underwent ACL reconstruction. 20-Year postoperative lateral and anteroposterior 
radiographs demonstrate osteoarthritis of the knee
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positioning of the femoral intra-articular tunnel 
opening is located at the intersecting lines of the 
most proximal and anterior quadrant; however a 
range of normal values between 24% and 37% 
for the x-axis and between 28% and 43% for the 
y-axis are proposed in the literature (Fig.  14b) 
(Srinivasan et al. 2018; Parkar et al. 2017).

Ideally, the tibial tunnel is placed parallel to 
the Blumensaat’s line and the intra-articular 
opening of the tibial tunnel is found directly pos-
terior to the intersection of the Blumensaat’s line 
and the tibial plateau in a full-extended knee on a 
horizontal beam lateral radiograph, MRI, or CT 
image (Fig.  15) (Srinivasan et  al. 2018). On 
imaging, the center of the intra-articular opening 

of the tibial tunnel should be at approximately 
43% of the anteroposterior distance of the tibial 
head (Fig. 16); however a small range of normal 
values between 39% and 46% were proposed by 
various authors (Srinivasan et  al. 2018; Parkar 
et al. 2017). On anteroposterior radiographs the 
intra-articular opening of the tibial tunnel should 
be just lateral to the midway of the tibial plateau 
(=51.5% of the medial to lateral tibial plateau 
distance) (Fig. 15) (Dhawan et al. 2016).

It is generally accepted that a mature ACL 
graft should be composed of low signal intensity 
on all MRI sequences. Nevertheless, it was 
reported that small areas of increased signal inten-
sity within the ACL graft are frequent: Between 

a

b

Fig. 14 (a and b) 
Radiographic quadrant 
method by Bernard et al. 
on a horizontal beam 
lateral radiograph. The 
sides of the rectangle are 
along the Blumensaat’s 
line, the distal, proximal, 
and posterior contour of 
the femoral condyles. 
Rectangle is divided into 
a grid by quartering the 
long and short axes (a). 
An optimal positioning 
of the femoral intra- 
articular tunnel opening 
is at the intersecting 
lines of the most 
proximal and anterior 
quadrant (white dot) (a). 
Normal values range 
between 24% and 37% 
for the x-axis and 
between 28% and 43% 
for the y-axis (white dot) 
(b)
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64% and 70% of n = 47 ACL autografts demon-
strated small amounts of increased signal inten-
sity on intermediate-weighted and T2-weighted 
MR images at long-term follow-up of 4 years and 
longer (Fig. 17) (Saupe et al. 2008). These small 
areas of increased signal intensity within the ACL 
graft on fluid-sensitive sequences did not influ-
ence the function or stability scores of the knee 

after ACL reconstruction (Saupe et  al. 2008). 
Thus, small amounts of increased signal intensity 
on fluid-sensitive sequences within an ACL graft 
can be considered as normal, even at long-term 
follow-up (Saupe et al. 2008).

3.1.4  Abnormal Postoperative 
Findings

Persistent or recurrent postoperative knee joint 
instability occurs between 8% and 50% of all 
patients after ACL reconstruction (Krause et al. 
2018). Early graft failure develops within the first 
6 months after surgery and is most likely due to a 
poor surgical technique (Bencardino et al. 2009). 
The most frequent surgical error is incorrect 
placement of the femoral and tibial graft tunnels 
(Musahl and Karlsson 2019; Srinivasan et  al. 
2018). The length and tension of the ACL graft 
should be constant (=isometry) during the full 
range of motion, in particular during flexion and 
extension of the knee (Srinivasan et  al. 2018; 
Bencardino et al. 2009). Potential isometry of the 
ACL graft is mainly influenced by the positions 
of the femoral and tibial tunnel. Hence, proper 
tunnel positioning is essential and should be eval-
uated on imaging.

Button-based ACL graft fixation dislocation 
such as button migration into the femoral or tibial 

Fig. 15 Optimal intra-articular opening of the tibial tun-
nel on a anteroposterior radiograph is just lateral to the 
midway of the tibial plateau (orange arrow) (=51.5% of 
the medial to lateral tibial plateau distance). Optimal tibial 
tunnel placement parallel to the Blumensaat’s line (blue 

line) and ideal intra-articular opening of the tibial tunnel 
is directly posterior to the intersection of the Blumensaat’s 
line and the tibial plateau in a full-extended knee on a 
horizontal beam lateral radiograph (blue line)

Fig. 16 The center of the intraarticular opening of the 
tibial tunnel should be at approximately 43% of the 
anteroposterior distance of the tibial head

Postoperative Imaging of Joints in the Sportive Patient
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tunnel occurs infrequently; however these imag-
ing findings implicate improper ACL graft fixa-
tion and presumably implicate persistent 
postoperative instability and may implicate revi-
sion surgery.

Late ACL graft failure at 1 year or later after 
surgery is frequently due to trauma recurrence 
and consecutive ACL graft tearing (Bencardino 
et  al. 2009). Fibers of an ACL graft partial- 
thickness or full-thickness tear may mimic an 
anteriorly localized fibrous and granulation tissue 

(=cyclops lesion) after ACL repair (Fig.  18) 
(Simpfendorfer et al. 2015). This specific imag-
ing appearance of torn ACL graft is also known 
as a “pseudocyclops lesion” and was originally 
described as a case report of two ACL graft par-
tial tears (Simpfendorfer et al. 2015).

Focal nodules consisting of fibrous and gran-
ulation tissue, firmly attached to the ACL graft 
and localized in the intercondylar notch, 
 predominantly anterior the ACL graft are named 
as cyclops lesions (Facchetti et  al. 2017). 

Fig. 17 18-Year-old female patient underwent ACL 
reconstruction. 26-Month postoperative coronal and sagit-
tal fat-suppressed proton density-weighted MR images 

demonstrate small amounts of increased signal intensity 
on fluid-sensitive sequences within an ACL graft; these 
imaging findings can be considered as normal

Fig. 18 20-Year-old male patient underwent ACL recon-
struction. Postoperative sagittal and transverse fat- 
suppressed proton density-weighted MR images 
demonstrate a full-thickness tear of the ACL graft after a 

recurrent trauma. The fibers of the torn ACL graft are dis-
located anteriorly and mimic a cyclops lesion (arrows). 
This specific imaging appearance of a torn ACL graft is 
also known as a “pseudocyclops lesion”
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Cyclops lesions are most frequently localized 
anteriorly to the ACL graft. It was found that 
cyclops lesions develop in approximately 25% 
of all patients with an average long axis of 
14 mm on MRI within the first 6 months after 
ACL reconstruction (Fig.  19) (Facchetti et  al. 
2017). Later on, no significant cyclops lesion 
size change was found at 1-year or 2-year fol-
low-up after surgery compared to 6-month mea-
surements. Interestingly, clinical outcome 
assessed as function and overall clinical out-
come was not significantly different in the study 
cohort with cyclops lesions compared to study 
participants without cyclops lesions within 
2 years after ACL repair (Facchetti et al. 2017). 
A large cyclops lesion may cause a mechanical 
conflict such as restriction of terminal knee 
extension and may require revision arthroscopy 
(Fig. 20) (Noailles et al. 2019).

Arthrofibrosis is a poorly defined clinical 
diagnosis. Clinical symptoms of arthrofibrosis 
are relevant limitation of the range of motion, for 
both flexion and extension of the knee (Ekhtiari 
et al. 2017). A wide range of frequency of arthro-

fibrosis between 4% and 38% after ACL recon-
struction is provided in the literature (Ekhtiari 
et  al. 2017). Imaging criteria for arthrofibrosis 
are formation of irregular extensive fibrous scar 
tissue located anterior to the graft, in the Hoffa fat 
pad, along the extensor mechanism and the ACL 
graft, in the posterior compartment as well as 
thickening of the joint capsule (Bencardino et al. 
2009).

Things to Remember
The most frequent surgical error is incorrect 
placement of the femoral and tibial graft tunnels. 
Late ACL graft failure at 1 year or later after sur-
gery is most commonly due to trauma recurrence 
and consecutive ACL graft tearing.

3.2  Meniscus Repair

3.2.1  Objective of Surgery
The objective of meniscal tear surgery is to 
relieve pain and to restore the full range of motion 
of the knee joint as well as preserve the integrity 
of the menisci for long-term knee function (Fuchs 
et al. 2018).

Fig. 19 24-Year-old male patient underwent ACL recon-
struction. Postoperative sagittal fat-suppressed proton 
density-weighted MR image demonstrates a small cyclops 
lesion. No restriction of terminal knee extension was 
noted

Fig. 20 30-Year-old male patient underwent ACL recon-
struction. Postoperative sagittal gradient-echo MR image 
demonstrates a small cyclops lesion. The patient suffered 
from restriction of terminal knee extension
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3.2.2  Surgical Procedure of Meniscus 
Repair

Arthroscopic meniscal surgery includes repair, 
partial resection, or allograft replacement (Walz 
2016). Meniscus repair yields a better functional 
outcome and lower degree of radiologic degen-
eration of the knee than partial meniscectomy 
(Paxton et  al. 2011). In contrast a systematic 
review found a higher long-term revision surgery 
rate in patients after meniscal repair of approxi-
mately 21% (30 of 145 patients) compared to 
approximately 4% (52 of 1319) of all patients 
after partial meniscectomy (Paxton et al. 2011). 
The reparability of a meniscus tear depends on its 
location and orientation. A tear in the outer 
20–30% of the meniscus (the so-called red zone) 
has the potential to heal after meniscus repair 
(Baker et al. 2018). Partial meniscectomy is the 
most commonly performed orthopedic surgery in 
the USA (Mather et al. 2015). Resection of torn 
meniscal tissue is usually successful to reduce 
knee pain and restore the range of motion; how-
ever associated modification of the biomechanics 
may contribute to early post-meniscectomy knee 
pain or subsequent osteoarthritis of the knee 
(Beaufils and Pujol 2017). A meniscal allograft 
replacement is an infrequent procedure to address 
persisting pain after meniscal repair and/or par-
tial resection.

3.2.3  Normal Postoperative Findings
Patients after arthroscopic surgery of a torn 
meniscus may develop new symptoms such as 
pain, clicking, locking, or swelling in the treated 
knee. A meta-analysis found a meniscal repair 
failure in 131 of 566 patients (23.1%) at a mini-
mum of 5 years or longer postoperatively. These 
data implicate that medical imaging, in particular 
conventional radiographs and MRI, is frequently 
requested in patients after meniscal tear surgery 
(Nepple et al. 2012).

MR imaging after meniscal surgery is suffi-
cient in most patients. However, MR arthrogra-
phy can be considered in challenging cases and 
CT arthrography is valuable in patients who are 
not suitable for MR imaging (Walz 2016). It was 
shown that the sensitivity of 78% and specificity 
of 75% for 3-T MRI in diagnosis of a meniscal 

retear in the postoperative knee after partial men-
iscectomy were lower compared to a sensitivity 
of 88% and specificity of 100% for 3-T MR 
arthrography using arthroscopy as the reference 
standard (Magee 2014).

Postoperative menisci may demonstrate 
increased signal intensity on T2-weighted MR 
images as a false-positive mimicker of a residual 
tear or retear (Hoffelner et al. 2011; Miao et al. 
2011) (Fig. 21). Explanations of increased signal 
intensity on T2-weighted MR images are preex-
isting meniscal degeneration or healing response 
of the meniscus (Barber and McNally 2013). 
Persistent intermediate to high signal on fluid- 
sensitive MR image sequences within the first 
1–2 years after surgery in a healing meniscus can 
be related to fibrovascular granulation tissue 
(Hoffelner et al. 2011; Miao et al. 2011). It has to 
be stated that complete resolution of the former 
tear site is rare (Mather et al. 2015).

The normal partially resected meniscus may 
appear more diminutive with blunted rather than 
sharp edges (Walz 2016). Low-volume partial 
meniscectomy (<25%) may demonstrate an 
apparent normal postoperative meniscus with or 
without marginal changes regarding meniscal 
shape and size (Walz 2016). Normal MR imaging 
findings of a meniscus allograft within the first 
postoperative year are meniscus extrusion, 
shrinkage, and increased signal intensity on 
T2-weighted images (Walz 2016).

3.2.4  Abnormal Postoperative 
Findings

MR imaging criteria for a retear of the repaired 
meniscus or after partial meniscectomy preserv-
ing more than 75% of the original meniscus are 
fluidlike signal at the repair site with 
 communication to the articular surface, a dis-
placed meniscal fragment, presence of a new 
parameniscal cyst, and a new meniscal tear with-
out a preexisting tear on preoperative images 
(Walz 2016; Baker et al. 2018) (Fig. 22).

Intermediate-to-high signal on fluid-sensitive 
sequences after partial meniscectomy preserving 
less than 75% of the original meniscus may rep-
resent a meniscal tear, scar, or also meniscal 
degeneration. The higher the signal intensity in 
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the postoperative meniscus after partial menis-
cectomy on fluid-sensitive images the higher the 
probability for a retear (Boutin et al. 2014).

Classic MR arthrography findings of menis-
cal retears are penetration of gadolinium-based 
contrast material into the substance of the menis-
cus. However, 10 of 94 meniscal retears diag-

nosed on arthroscopy did not demonstrate 
contrast material tracking into the meniscus on 
MR arthrography images (Magee 2014). 
Moreover, these false-negative ten meniscal 
retears on MR arthrography were diagnosed as 
retears on MRI without intra-articular contrast 
agent administration (Magee 2014). Based on 

a b

c d

Fig. 21 (a and d) 18-year-old female snowboarder 
underwent meniscus repair. Preoperative (a and b) and 
1-year postoperative (c and d) coronal fat-suppressed pro-
ton density-weighted (a and c) and sagittal fat-suppressed 
proton density-weighted (b and d) MR images. The pre-

operative images demonstrate a vertical tear of the medial 
meniscus (black arrows). The images on the lower row 
show normal postoperative meniscus with mild increased 
signal in the posterior medial meniscus (white arrows)
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the fact that intra- articular contrast agent does 
not necessarily penetrate into the retear after par-
tial meniscectomy on MR arthrography images it 
was concluded that MR arthrography images in 
combination with MR images without previous 
intra-articular contrast agent allow a high 
 diagnostic accuracy in the detection of meniscal 
retears after partial meniscectomy (Magee 2014).

Displaced meniscal fragments, fluid-filled 
clefts, and morphologic change are indicators of 
tears of the meniscal allograft transplantation 

(Walz 2016; Verdonk et  al. 2006). (Fig.  23). 
However poor correlation between MR imaging 
and clinical findings after meniscal allograft 
implantation was reported (Barber and McNally 
2013; Verdonk et al. 2006).

Things to Remember
MR imaging criteria for a retear of the repaired 
meniscus or after partial meniscectomy preserving 
more than 75% of the original meniscus are fluid-
like signal at the repair site with communication to 

a

c

b

Fig. 22 (a–c) 18-year-old male underwent meniscus 
repair. 3 months (a), 42 months (b), and 48 months (c) 
postoperative sagittal fat-suppressed proton density- 

weighted MR images. Increasing vertical fluid signal over 
time represents a retear of the meniscus (white arrows)
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the articular surface, a displaced meniscal frag-
ment, presence of a new parameniscal cyst, and a 
new meniscal tear without a preexisting tear of pre-
operative images. Granulation tissue may mimic a 
retear and may persist for 2 years after surgery.

3.3  Cartilage Repair

3.3.1  Objectives of Surgery
The aim of cartilage repair procedures in athletes 
is prevention of premature osteoarthritis of the 
knee and reduction of pain (Houck et al. 2018).

3.3.2  Surgical Procedure
Cartilage repair surgery includes bone marrow 
stimulation techniques (for instance microfrac-
ture, drilling), osteochondral allograft, osteo-
chondral autograft, and autologous chondrocyte 
implantation techniques (Walz 2016).

An arthroscopic bone marrow stimulation tech-
nique uses a microfracture awl or a drill to create 
multiple 2–4  mm deep osteochondral defects. 
These osteochondral holes promote vasculariza-
tion, release cytokines, and finally stimulate the 
growth of fibrocartilage. Osteochondral allograft 
procedures use cadaveric donor tissue grafts to 

a

c d

b

Fig. 23 (a–d) 29-year-old female underwent meniscusal-
lograft implantation. (a and b) 1-year and (b and d) 3-year 
(b and c) sagittal trueFISP (left) and coronal STIR (right) 
MR images. The 1-year postoperative coronal image 

shows a tear of the meniscus (black arrow). The 3-year 
postoperative images demonstrate an ongoing deconfigu-
ration and diminution of the allograft (white arrows)
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restore the defect of the cartilage surface (Walz 
2016; Forney et  al. 2014). Osteochondral auto-
graft fills the articular surface defect by harvesting 
tissue grafts from the same patient in a non-
weight-bearing area such as intercondylar notch or 
trochlear groove (Walz 2016; Forney et al. 2014). 
Frequently used names for osteochondral auto-
graft procedures are autogenous osteochondral 
transfer (AOT), mosaicplasty, and osteochondral 
autograft transfer system (OATS) (Forney et  al. 
2014). Autologous chondrocyte implantation 
(ACI) techniques are two-step surgical interven-
tions. First, cartilage is harvested from a non-
weight-bearing portion of the knee, subsequently 
the donor tissue is cultured ex vivo for approxi-
mately 3–4 weeks to increase the number of chon-

drocytes, and finally the graft fills the articular 
surface defect during a second surgical interven-
tion in the same patient (Forney et al. 2014).

3.3.3  Normal and Abnormal Imaging 
Findings

MRI, MR arthrography, and CT arthrography are 
useful for the assessment of cartilage repair 
(Walz 2016). The MOCART (Magnetic 
Resonance Observation of Cartilage Repair 
Tissue) 2.0 knee score and atlas were developed 
for the assessment of cartilage repair of the knee 
joint and may be used with or without modifica-
tion as a template in daily clinical radiology in 
postoperative patients after cartilage repair 
(Schreiner et al. 2019) (Fig. 24).

a

c

b

d

Fig. 24 (a–d) 32-year-old male underwent osteochon-
dral autograft transfer. 48-Month postoperative coronal 
STIR (a and c) and sagittal fat-suppressed proton density- 
weighted (b and d) MR images. The images (a) and (b) 
present an integrated osteochondral autograft transfer 

with deep fissures (black arrows). The images (c) and (d) 
demonstrate the normal donor site at the lateral femoral 
condyle with a residual osteochondral defect (white 
arrows)
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Volume of 
cartilage defect 
filling

The first parameter “volume of cartilage defect filling” according to MOCART 2.0 classification 
describes the volume of cartilage defect filling in relation to the adjacent native reference 
cartilage. The description is provided as a percentage in relation of the hypothetical volume of 
intact cartilage that would cover the defect

Integration into 
adjacent 
cartilage

The second MOCART 2.0 parameter entitled “integration into adjacent cartilage” assesses the 
integration of the cartilage repair tissue into the adjacent native cartilage by evaluating the 
interface between both tissues

Surface of the 
repair tissue

The third MOCART 2.0 parameter “surface of the repair tissue” determinates distinguishable 
cartilage surface irregularities, regardless of perfect filling, present hypertrophy, or underfilling

Structure of the 
repair tissue

The fourth MOCART 2.0 parameter “structure of the repair tissue” assesses the signal intensity 
of the repaired tissue as homogeneous or heterogeneous, depending on whether typical cartilage 
layers are detectable or not

Signal intensity 
of the repair 
tissue

The fifth MOCART 2.0 parameter “signal intensity of the repair tissue” classifies the signal 
intensity on turbo spin-echo PD-weighted MR images of the repair tissue as “normal,” “minor 
abnormal,” or “severely abnormal”

Bony defect or 
bony overgrowth

The sixth MOCART 2.0 parameter “bony defect or bony overgrowth” evaluates the extent of 
osseous defects and intrachondral osteophytes at the cartilage repair site

Subchondral 
changes

The final MOCART 2.0 parameter “subchondral changes” differentiates a normal subchondral 
lamina and normal subchondral bone from subchondral bone marrow edema, subchondral cysts 
of 5 mm or larger, and osteonecrosis-like MRI signal

Additional non-repair site findings such as 
donor-site appearance, cartilage defects, and 
meniscus and ligament disorders may be 
 integrated in the radiology report (Walz 2016; 
Forney et al. 2014).

Things to Remember
The MOCART 2.0 score was developed for the 
assessment of cartilage repair and may be used 
with or without modification as a template in 
daily clinical radiology in postoperative patients 
after cartilage repair. The MOCART 2.0 score 
consists of the following seven parameters: “vol-
ume of cartilage defect filling,” “integration into 
adjacent cartilage,” “surface of the repair tissue,” 
“structure of the repair tissue,” “signal intensity 
of the repair tissue,” “bony defect or bony over-
growth,” and “subchondral changes.”
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Abstract

Soccer is one of the world’s most popular 
sports, but is physically demanding and acute 
and overuse injuries occur rather frequently. It 
is a typical low-extremity sport, with the lower 
limb region most frequently injured. Through 
a structured approach focused on injury epide-
miology, relevant anatomy, mechanism, and 
appearance on medical imaging, the radiolo-
gist can gain familiarity with the common and 
important injuries experienced by soccer play-
ers and in turn assist the player and referring 
clinician towards the goal of appropriate treat-
ment and timely return to play. This chapter 
reviews the most commonly observed and 
most important injuries in soccer players.
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1  Introduction

Soccer is the world’s most popular sport, fasci-
nating hundreds of millions of participants of all 
ages and sexes each year. It is a physically 
demanding contact sport, requiring coordination, 
velocity, and physical skills. Injuries occur rather 
frequently compared to most other sports and 
range from common and relatively benign low- 
grade muscle strains to potentially career-ending 
ligamentous injuries in elite soccer players (De 
Loes 1995). The nature of the injury or degree of 
disability sometimes warrants further assessment 
with diagnostic imaging. Through a structured 
approach focused on injury epidemiology, rele-
vant anatomy, mechanism, and appearance on 
medical imaging, the radiologist can gain famil-
iarity with the common and important injuries 
experienced by soccer players and in turn assist 
the player and referring clinician towards the 
goal of appropriate treatment and timely return to 
play. In this chapter we review the most fre-
quently observed and most important injuries in 
soccer players.

2  Groin Injuries

Groin injuries are a common problem in both 
elite and recreational soccer players (10–15% of 
all soccer injuries), are often disabling, and can 
even be career-ending. Unfortunately, chronic 
groin pain remains a poorly understood clinical 
condition and diagnosis and management can be 
challenging (De Loes 1995; Tak 2014). Imaging 
findings are common in soccer players, but often 
do not correlate well with symptoms. The term 
athletic groin pain was established as a unifying 
name and it comprises four distinct clinical enti-
ties related to the anatomy, patterns of injury, 
and clinical presentation (Weir et  al. 2015; 
Chopra and Robinson 2016):

• Adductor-related groin pain
• Pubic-related groin pain
• Inguinal-related groin pain
• Iliopsoas-related groin pain

For a more detailed overview of groin injuries 
we refer to Prasad et al. (2021).

2.1  Adductor-Related Groin Pain

Adductor-related groin pain is the most fre-
quently encountered groin problem in soccer 
players and results from sliding, passing, kick-
ing, or pivoting. The kicking leg is most often 
affected and subsequently the players switch to 
submaximal kicking to avoid pain, but eventually 
they have to entirely stop training or playing 
matches (Tak and Langhout 2014). The adductor 
longus is predominantly affected at its musculo-
tendinous junction, and injuries are less com-
monly reported at the gracilis, adductor magnus, 
adductor brevis, and iliacus origins. A combina-
tion of adductor longus and rectus abdominis 
strains often occurs; the injury then extends 
through the adductor aponeurosis at the symphy-
sis pubis to the lower part of the rectus abdominis 
muscle.

Imaging
Ultrasound is the first-line imaging modality, 
demonstrating hypoechogenic signal of the 
adductor insertion, tendon thickening, and con-
vex tendon bulging, accompanied by cortical 
irregularities, peritendinous fluid, and calcifi-
cations (Fig.  1). These cortical irregularities 
and calcifications are often asymptomatic in 
athletes; they are sequelae of enthesopathy or 
due to incomplete fusion of the secondary ossi-
fication centers (up to age 26) (Pesquer et  al. 
2015). It is often difficult to determine if the 
enthesopathy is recent or not; color Doppler 
can demonstrate hyperemia, but is often not 
observed.

In case of a tear, disruption of the tendon fibers 
and intratendinous fluid clefts are observed on 
longitudinal images. In acute rupture of the 
adductor longus, the muscle is significantly 
retracted (more than 2 cm from its bony attach-
ment) and hyperemia is observed. The extent of 
the rupture depends on its spread posteriorly 
towards the muscular attachment; the rupture is 
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therefore greater if the muscular insertion is 
affected (Pesquer et al. 2015).

MR imaging provides a more detailed over-
view. Key imaging findings are:

 – Adductor origin tendinopathy at the apo-
neurosis (± partial or complete tear): 
Adductor tendinopathy results in high signal 
intensity on T1- and T2-weighted MR 
images; the high signal commences periph-
erally and then spreads to the central tendon 
without apparent fluid. Acute injuries can be 
categorized as minor strains/contusions 
(grade 1) demonstrating edema while main-
taining their feathered structure. Partial tears 
(managed nonoperatively) demonstrate an 
intramuscular and epifascial hematoma for-
mation with disruption of the muscle fibers 
(grade 2). Complete tears or avulsions 

(sometimes in necessity of operative repair) 
are characterized by discontinuity of the 
entire cross section, and retraction is possi-
ble (grade 3).

 – Pubic bone marrow edema (BME): BME of 
the anteroinferior part of the pubic bone adja-
cent to the adductor attachment can be the 
only sign of aponeurosis involvement in early 
stage (Fig. 2). However, BME has a high prev-
alence in asymptomatic elite athletes and it 
has been demonstrated that the presence of 
pubic BME and adjacent rectus-adductor apo-
neurosis capsular edema does not differ sub-
stantially between players with and without 
history of previous injury (Madani and 
Robinson 2019).

 – Bony remodeling of the pubic symphysis.
 – Secondary cleft sign: This reflects unilateral 

extension of the lesion on the rectus-adductor 

a b

Fig. 1 Adductor tendinopathy. (a) Ultrasound image demonstrating a hypoechogenic thickened insertion of the adduc-
tor longus tendon with calcifications. (b) Increased vascularity on power Doppler indicating an active enthesopathy

a b

Fig. 2 Adductor tendinopathy. (a) Coronal and (b) axial 
fat-saturated (FS) PD-weighted image (WI) showing sec-
ondary cleft sign (arrow) and adjacent para-articular BME 

(arrowhead) in the left pubic bone. Note also subtle BME 
at the right pubic bone

Imaging of Sports Lesions in Soccer Players
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aponeurosis towards the capsule in depth, 
inferiorly towards the adductors and in con-
tinuity with the central physiological cleft 
(Pesquer et  al. 2015). The central physio-
logical cleft presents as a vertical linear 
hyperintense signal on fluid-sensitive MR 
images. The secondary cleft presents as lin-
ear oblique high signal on water-weighted 
images that extends inferolaterally from the 
central symphysial cleft, most easily 
detected in the coronal plane (Fig.  2). 
Grading can be done in terms of edema 
intensity (mild to severe) and distribution 
(superior, anterior, inferior to the level of 
the pubic body).

2.2  Iliopsoas-Related Groin Pain

Iliopsoas-related groin pain is uncommon, has an 
insidious onset, and is caused by raising the hip 
from a squatting or seating position. In acute ilio-
psoas bursitis, MR imaging will show a fluid- 
filled thin-walled iliopsoas bursa communicating 
with the hip joint and demonstrating homoge-
neous low signal intensity on T1-weighted 
images (WI) and high signal intensity on T2-WI 
(Fig. 3). In chronic bursitis, the bursal wall will 
be thickened and the content will be more com-
plex and inhomogeneous. Ultrasound will dem-
onstrate similar findings and is useful for 
guidance of therapeutic injection (Madani and 
Robinson 2019).

2.3  Inguinal-Related

Inguinal-related groin pain is situated around the 
inguinal canal and is triggered by Valsalva or 
cough tests. Gilmore described the groin disrup-
tion syndrome which includes injury to the inter-
nal oblique aponeurosis, conjoined tendon-pubic 
tubercle attachment, and dehiscence between the 
conjoined tendon-inguinal ligament. These have 
all been grouped together as inguinal wall and 
superficial inguinal ring disorders. Posterior 
inguinal wall deficiency occurs as a result of 
injury to the transversalis fascia or conjoined ten-
don, which is formed by the medial portion of the 
internal oblique and transversus abdominis mus-
cles (Caudill et al. 2008).

Imaging
To exclude a true inguinal or femoral hernia, 
ultrasound has a high sensitivity and specificity. 
In the athletic population—however—true groin 
herniations are rarely diagnosed (Madani and 
Robinson 2019). In soccer players, inguinal her-
nias are direct inguinal hernias, with a sac pro-
truding medially to the epigastric arteries 
(Pesquer et al. 2016). In posterior wall deficiency, 
pain can be caused by irritation of the cutaneous 
branches of the ilioinguinal nerve within the 
inguinal canal (Tyler et al. 2010). Dynamic ultra-
sound imaging is obligatory; one has to look for 
excessive movement, laxity, or convex anterior 
bulging or ballooning of the inguinal canal at the 
superficial inguinal ring (Caudill et  al. 2008). 
These findings are also nonspecific and also 
observed in asymptomatic athletes. In most cases, 
static MR imaging is disappointing in demon-
strating pathology at the inguinal canal. Rarely in 
an acute setting edema can be observed at the 
inguinal ligament.

2.4  Pubic-Related

Pubic-related pain is suspected when athletes 
suffer from pain in the pubic area combined 
with local tenderness on palpation of the pubic 
symphysis, painful resisted bilateral hip adduc-
tion, and presence of para-articular pubic BME 

Fig. 3 Iliopsoas bursitis. Axial FS T2-WI demonstrating 
a bilateral fluid distension in the iliopsoas bursa (arrows)
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on MR imaging, remote from the adductor 
muscle attachment (Cunningham et  al. 2007; 
Zoga et al. 2008; Branci et al. 2013). BME is a 
commonly observed finding in both symptom-
atic and asymptomatic elite athletes and it is 
thought to reflect a response to the chronic 
loading during training and matches (Madani 
and Robinson 2019).

Imaging
In the (sub)acute stage (pain <6  months) MRI 
demonstrates subchondral and periarticular BME 
away from the adductor attachment and fluid 
within the symphysis pubis joint (Fig.  4). The 
distribution of BME (diffuse in the body or focal 
anteromedial), the BME intensity (mild to 
severe), and if there are any adjacent soft-tissue 
changes all have to be reported. In the chronic 
stage, degenerative changes can be observed: 
joint surface erosions and irregularities, subchon-
dral sclerosis and cyst formation, joint space wid-
ening or narrowing, central disc herniation, and 
bony proliferation at the superior margins of the 
joint (Branci et al. 2013).

3  Pelvis and Hip-Related Groin 
Pain

For a more detailed overview on pelvic and hip 
pathology we refer to Mascarenhas et al. (2020).

3.1  Femoroacetabular 
Impingement

Femoroacetabular impingement (FAI) results 
from an incongruence between the acetabulum 
and femoral head–neck junction, causing second-
ary impingement of the chondrolabral complex 
and progressive associated chondrolabral injury 
due to repetitive microtrauma (Di Pietto et  al. 
2018). Predisposing anatomic deformities can be 
distinguished at the acetabulum, i.e., the pincer- 
type morphology, at the proximal end of the 
femur, i.e., the cam-type morphology, or in both 
anatomical sites. Mixed-type FAI is more com-
mon in male (62%) than female (38%) athletes 
(Di Pietto et al. 2018). The participation in high- 
level soccer during skeletal immaturity itself is 

a
b

c

Fig. 4 Pubic-related groin pain. (a) Radiography demon-
strating irregular sclerotic margins of the pubic symphy-
sis. (b) Axial FS PD-WI demonstrates BME in pubic 

bones. (c) Coronal T1-WI demonstrating irregular 
margins and sclerosis
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not associated with a higher risk of development 
of cam deformity in the young adult years 
(Johnson et al. 2012).

In cam-type impingement, an osseous bump at 
the anterosuperior margin of the femoral head 
leads to a nonspherical bony extension of the 
femoral head and loss of normal concavity, called 
the “pistol-grip” deformity. This bony promi-
nence abuts the acetabulum and injures the labral 
and acetabular cartilage during hip movement 
(Di Pietto et  al. 2018). Males demonstrate a 
higher prevalence of cam deformity than do 
females (Johnson et al. 2012).

Pincer-type impingement occurs in the set-
ting of overcoverage of the femoral head. This 
acetabular overcoverage may be due to either 
acetabular retroversion or increased acetabular 
depth, as in coxa profunda and protrusio acetab-
uli (Pfirrmann et al. 2006), and is more common 
in women.

While playing soccer, the underlying labrum 
and cartilage are continuously pinched between 
the acetabular rim and the femoral neck, resulting 
in a shallow cartilage defect adjacent to the ace-
tabular labrum and subsequent labral tears (Di 
Pietto et al. 2018).

Imaging workup includes plain radiographs, 
computed tomography (CT), and MR imaging, 
all further discussed in Mascarenhas et al. (2020).

3.2  Labral Tears

Acetabular labral tears are often a source of pain 
in athletes, especially in soccer, tennis, and golf 
players (Di Pietto et al. 2018). Most labral tears 
are a combination of cam-type FAI combined 
with anterosuperior labral tears. Athletes who 
have FAI without pain can go through intermit-
tent pain when a partial acetabular labral tear 
occurs due to repetitive stimuli, which also leads 
to a degenerative tear that causes constant pain. 
Labral tears can be undersurface (partial thick-
ness), detached (full thickness), or complex. The 
diagnosis of labral tears should always be corre-
lated with the clinical findings, as labral tears can 
also be identified in asymptomatic volunteers 
(Schmitz et al. 2012).

3.3  Stress Fractures

Stress fractures are less commonly observed as 
they represent 0.5% of all injuries in soccer 
players. The risk of a stress fracture increases 
after a long series of matches, and the femoral 
neck and pubic rami are the most vulnerable 
anatomic injury sites. A sudden change in a 
player’s training regime is a risk factor for 
developing a stress fracture (Di Pietto et  al. 
2018). Medial femoral neck stress fractures are 
due to a repetitive compressive force and have a 
lower risk for complications and dislocation 
than lateral femoral neck stress fractures (Di 
Pietto et al. 2018).

In the early phase radiographs are often false 
negative; a few weeks after the onset of  symptoms, 
a horizontal sclerotic band perpendicular to the 
osseous trabeculae or a periosteal reaction can be 
observed. Bone scan and MRI have a higher sen-
sitivity in the early phase. The primary finding on 
MRI is BME centered around the stress fracture; 
typically a hypointense line on T1-WI, T2-WI, 
and intermediate-weighted images can be 
observed with surrounding BME.  In the very 
early phase the fracture line may not be evident 
on MRI and the BME alone may appear to be a 
simple stress reaction. If—however—mechanical 
stress to the bone persists, the athletes will 
develop an evident stress fracture (Di Pietto et al. 
2018).

3.4  Ischiofemoral Impingement

Ischiofemoral impingement refers to the impinge-
ment of soft tissues between the lesser trochanter 
and the ischial tuberosity, and the quadratus fem-
oris muscle is primarily affected. The distance 
between these two osseous landmarks (= ischio-
femoral space) is narrowed leading to edematous 
changes in the quadratus femoris muscle and less 
frequently the hamstring tendons. It can manifest 
as buttock pain, groin pain, or snapping of the 
hip.

A typical MR imaging finding is high signal 
intensity on T2-WI in the involved muscles 
with narrowing of the ischiofemoral space and 
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eventually the development of atrophic muscle 
(Fig. 5). It has been reported—however—that 
athletes can present with a narrowed ischiofe-
moral space and edema in the quadratus femo-
ris muscle bilaterally (up to 62.5%) while 
being asymptomatic (Papavasiliou et al. 2014). 
A threshold of 15 mm can be used to diagnose 
a narrowed ischiofemoral space with a 77% 
sensitivity and 88% specificity (Di Pietto et al. 
2018).

3.5  Subspine Impingement

During hip movement there can be direct con-
tact between the anterior inferior iliac spine 
(AIIS) and the femoral head–neck junction. 
This can be caused by defective healing of an 
avulsed AIIS fragment at a caudally dislocated 
position with secondary enlargement of the 
AIIS, but can also be caused by chronic over-
loading of traction forces on the rectus femoris 
tendon (Di Pietto et al. 2018). This phenome-
non is called subspine or anterior inferior iliac 
spine impingement (Sutter and Pfirrmann 
2013).

Athletes typically present with a limited range 
of motion during hip flexion and anterior hip pain 
aggravated by the movement. Radiography dem-
onstrates the avulsed AIIS, calcifications within 
the direct or indirect tendon of the rectus femoris 
origin, or extension of the AIIS below the acetab-
ular surface. MR imaging additionally may dem-

onstrate soft-tissue abnormalities with tendon 
and muscle edema and peritendinous fluid (Sutter 
and Pfirrmann 2013).

3.6  Snapping Hip

Snapping hip, or coxa saltans, presents as an 
audible or palpable snap that occurs in or around 
the hip during movement. Prevalence is estimated 
to be 10% in the general population, but it has 
been especially described in soccer players, 
resulting from repetitive overuse movements per-
formed by soccer players during their training 
and matches (Lee et al. 2013). Snapping hip may 
be divided into two distinct categories: extra- 
articular and intra-articular, with extra-articular 
snapping accounting for most of the patients pre-
senting with this symptom. Extra-articular snap-
ping hip can be further divided into external and 
internal causes. The external form is the most 
common cause and is associated with snapping 
of the iliotibial band or the gluteus maximus over 
the greater trochanter, typically during return to 
full extension of the hip.

The most common internal cause is the abnor-
mal snapping of the iliopsoas tendon over the 
iliopectineal eminence. The snapping occurs 
while the leg returns to neutral position after an 
abduction, flexion, and external rotation move-
ment, like while climbing stairs, getting out of a 
car, or standing from a chair.

Intra-articular snapping hip is caused by the 
presence of intra-articular bodies, fracture 
 fragments, synovial folds, and labral tears with 
paralabral cysts.

Imaging
In patients with extra-articular snapping hip, 
radiography is often normal, but sometimes an 
underlying coxa vara or hip dysplasia can be 
detecting and contributes to snapping hip.

Ultrasound is of significant diagnostic value 
and can detect bursitis, tendinitis, and synovitis. 
With dynamic ultrasound, abrupt movement of 
the involved tendon can be observed. In external 
snapping hip, either a thickened posterior iliotib-
ial band or an anterior gluteus maximus muscle 

Fig. 5 Ischiofemoral impingement. Axial FS PD-WI 
demonstrates edema in the quadratus femoris muscle 
bilateral (arrows), more pronounced on the left side 
compared to right, with narrowing of the ischiofemoral 
space
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can be seen abruptly moving anteriorly over the 
greater trochanter during hip movement from 
extension to flexion or vice versa.

In internal snapping, snapping of the iliopsoas 
tendon over the iliopectineal eminence may be 
observed during the provocative maneuver of hip 
flexion-abduction-external rotation (Lee et  al. 
2013).

MR imaging may demonstrate associated 
soft-tissue changes in the involved tendon or bur-
sae (Fig. 6).

3.7  Apophysitis or Avulsion 
Fractures

3.7.1  Acute Avulsion Injuries
Avulsion fractures of the apophyses and spines of 
the pelvis are almost exclusively seen in  adolescent 
athletes involved in high-level sport activities; 
they result from a sudden forceful eccentric con-
traction of the attached musculotendinous unit, 
and the cartilaginous growth plate is the most 
commonly involved structure (Figs.  7 and 8). 

a b

Fig. 6 External hip impingement. (a) Coronal and (b) axial FS PD-WI image demonstrates fluid between the iliotibial 
tract and the greater trochanter (arrowheads) in a 26-year patient with lateral hip pain and snapping during movement

Fig. 7 Illustration of the 
locations of the 
apophyses of the pelvis 
indicated in blue

T. De Coninck et al.
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Separation and retraction of the partially ossified 
apophysis can occur.

Injuries to the anterior superior and anterior 
inferior iliac spine in soccer generally result from 
an excessive upward movement of the leg in 
“kicking the air” or a powerful shot at goal with 
maximum flexion of the hip and extension of the 

knee (Rossi and Dragoni 2001). Avulsion of the 
iliac spine apophysis is quite commonly observed 
in adolescent soccer players, but very rare in 
skeletally mature players (Figs. 9 and 10). It can 
occur in goalkeepers, involving the transition 
zone at the interface of the straight and reflected 
tendons of the rectus femoris. These tendons 

a b

c d

Fig. 8 Avulsion apophysis AIIS. (a) CT scout view dem-
onstrating avulsion of the left AIIS (arrow). (b) CT image 
demonstrating immature callus (arrow) of the avulsed 
AIIS, suggesting the subacute character of the avulsion. 

(c) Axial and coronal (d) FS PD-WI demonstrating fluid 
in the cleft between the iliac bone and the avulsed apophy-
sis of the AIIS (arrow) and surrounding BME

a b

Fig. 9 Small avulsion fracture of the greater trochanter in 
an elite soccer player. (a) Coronal CT image demonstrat-
ing cortical irregularity of the medial side of the greater 

trochanter (arrow). (b) Coronal FS PD-WI demonstrating 
accompanying BME at the greater trochanter 
(arrowheads)
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a

b

c

Fig. 10 Avulsion apophysis ASIS. (a) Radiograph and 
(b) coronal CT image demonstrating osseous avulsion of 
the apophysis of the left ASIS (arrow). (c) Coronal FS 

PD-WI demonstrating the avulsed ASIS apophysis with 
accompanying periapophyseal fluid and extensive edema 
in the sartorius muscle

a b

c

Fig. 11 Traction apophysitis AIIS. (a) Axial CT image 
demonstrating blurring and cortical irregularity of the 
apophysis of the AIIS (arrow). (b) Focal thickening and 
heterogeneous echogenicity of the right rectus femoris 

tendon (arrow). Note widening and irregular delineation 
of the growth plate adjacent to the apophysis of the AIIS. 
(c) Axial FS PD-WI demonstrating BME of the AIIS and 
subtle periosseous fluid (arrowheads)

T. De Coninck et al.
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arise from the inferior iliac spine (straight) and 
acetabulum (reflected), but their footprints over-
lap by about 10%. When taking a goal kick, the 
goalkeeper strikes the dead ball from the goal 
area into the opposition half, thereby hyperex-
tending the kicking leg at the hip and flexing at 
the knee and resulting in severe eccentric tension 
on both the straight and reflected tendon compo-
nents of the rectus femoris and making them sus-
ceptible to injury (Robinson and White 2005).

3.7.2  Chronic Traction Injuries/
Apophysitis

During long-standing and intensive sport train-
ing, chronic apophyseal injuries can occur with a 
spectrum ranging from apophysitis to avulsion 
fractures (Fig. 11). When severe, they can lead to 
growth disturbance.

Imaging
On radiographs apophysitis can be demonstrated 
in some patients by blurring and widening of the 
apophysis. When obtaining radiographs, com-
parison with the contralateral pelvis is manda-
tory. With chronic avulsions, the apophysis often 
looks larger than normal due to periosteal reac-
tion and exuberant new bone formation associ-
ated with healing of such an injury; this may 
create an appearance that can be confused with a 
malignant neoplasm. Computed tomography 
may be helpful to ensure the correct diagnosis in 
such cases. MR imaging demonstrates edema of 
the apophysis and surrounding soft-tissue struc-
tures (Paterson 2009).

4  Knee Injuries

Knee injuries are common in soccer players (both 
male and female); although they are not as com-
mon as thigh strains or ankle sprains in higher 
level players, they can have a more deleterious 
effect on return to play and post-injury level of 
play, and can put the athletes at risk for acceler-
ated knee osteoarthritis.

In amateur soccer players knee ligament 
sprains are the most commonly observed injury.

The knee joint undergoes stress from sprint-
ing, jumping, cutting-in, and direct-impact 
forces, leading to internal derangement of the 
knee joint. During landing on one leg after jump-
ing, translational forces are produced across the 
athlete’s knee joint; if the soccer player then 
immediately pushes off in another direction, this 
requires a forceful contraction of the thigh mus-
cles, resulting in further femur rotation and liga-
ment stress. The hamstring muscles are 
particularly under stress trying to decrease ante-
rior tibial translation. Injury or hamstring fatigue 
can make the knee joint more susceptible for a 
serious injury during landing, because then more 
force is transmitted directly through the liga-
ments instead of partly through the hamstring 
muscles (Robinson and White 2005).

4.1  Patellar Tendinopathy/
Jumper’s Knee

Jumper’s knee or patellar tendinopathy refers to a 
spectrum of disorders located at the proximal inser-
tion site of the patellar tendon and is associated 
with anterior knee pain. It is recognized in skele-
tally mature soccer players and considered to be 
the adult form of Sinding- Larsen- Johansson dis-
ease. Repetitive traction and overload of the knee 
extensor mechanism during jumping and landing 
lead to a high mechanical load transfer to the proxi-
mal enthesis of the patellar tendon. The inflamma-
tory changes occur in the patellar tendon close to 
its insertion onto the patellar apex, especially in the 
posterior fibers, and can progress to mucoid degen-
eration of the tendon, fibrosis, neovascularization, 
and eventually partial- or full-thickness tears and 
even avulsion of the patellar apex.

Ultrasound demonstrates tendon thickening 
and heterogeneously hypoechogenic signal of the 
tendon fibers with disruption of the normal fibril-
lar pattern (Fig.  12). Doppler may demonstrate 
increased vascularity, and the adjacent Hoffa’s fat 
pad may demonstrate hyperechoic signal with 
increased vascularity. Peritendinous fluid can be 
observed. In case of a tear, a fluid-containing 
cleft can be observed within the tendon fibers.
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On MR imaging focal tendon thickening and 
increase in proximal patellar tendon signal on 
both T1- and T2-WI can be observed (Fig.  13) 
(Paterson 2009). Edema may be observed in the 
patellar bone apex and the adjacent Hoffa’s fat 

pad, with irregular hyperintense signal on T2-WI 
replacing the normal fat signal (Yu et al. 1995).

Sinding-Larsen-Johansson disease is the ana-
logue of jumper’s knee in skeletally immature ath-
letes and often referred to as traction apophysitis, 
because there is still unossified cartilage at the 
patellar margin in some children. Similar imaging 
findings to jumper’s knee can be observed. 
Radiography shows thickening of the proximal 
patellar tendon and osseous fragments in the prox-
imal ligament, due to avulsed patellar margins 
(cortex or cartilage that ossifies) or dystrophic 
osseous fragments due to long-standing overuse 
(Fig.  14).MRI findings are similar to those of 
jumper’s knee. The degree of swelling is often 
greater than that of jumper’s knee and intratendi-
nous bone fragments may be present. It is sup-
posed to be a self-limiting condition, resolving 
within 1–1.5 year, but many patients remain symp-
tomatic into adulthood and continue to demon-
strate radiologic abnormal findings (Davis 2012).

Fig. 12 Jumper’s knee. Ultrasound image demonstrating 
hypoechogenic thickening of the proximal patellar tendon 
with intratendinous calcification

a b

Fig. 13 Proximal patellar tendon tendinopathy. (a) 
Sagittal T1-WI demonstrating thickening of the proximal 
patellar tendon with central hypointense signal reflecting 
tendinosis. (b) Sagittal FS PD-WI demonstrates a fluid 

cleft within the tendon, in keeping with an intrasubstantial 
tear (arrow). Adjacent mild inflammation of the adjacent 
Hoffa’s fat pad (arrowhead)

T. De Coninck et al.
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4.2  Osgood-Schlatter Disease

The disease of Osgood-Schlatter is an identical 
pathology affecting the distal part of the patellar 
tendon. It is more common than 
 Sinding-Larsen- Johansson disease and produces 
similar radiological findings at the distal part of 
the patellar tendon and has a similar clinical 
course (Fig. 15). About half of the patients dem-
onstrate intratendinous ossicles, but one has to be 
aware however that sometimes these osseous 
fragments can be present as a normal variant. 
Thus, one cannot diagnose Osgood-Schlatter dis-
ease solely on the basis of isolated bone frag-
ments; swelling and clinical findings must also 
be present (Davis 2012).

4.3  Anterior Cruciate Ligament 
Tear

The anterior cruciate ligament (ACL) is one of 
the most commonly injured knee ligaments and 
the most commonly reconstructed knee ligament. 
It is the most common non-osseous injury among 

children who play soccer and more prevalent in 
girls and women (Faude et  al. 2005; Paterson 
2009; Brophy et al. 2010). This higher incidence 
could be due to a decreased intercondylar notch 
size, a decreased ACL size, differences in lower 
extremity alignment, a greater knee joint laxity, 
and the influence of female hormones (Faude 
et al. 2005; Paterson 2009).

Most ACL injuries are noncontact injuries 
that occur during landing after a jump or turn-
ing, just when the player is sharply decelerating. 
The knee is usually semi-flexed in combination 
with a rotational force applied to the lower leg. 
Often this knee twist occurs suddenly without 
the athlete having appropriate muscle strength 
to counteract this twisting. The injured player 
often fills a pop during the acute trauma, which 
is actually the bone bruise that happens when 
the tibia slips forwards and contacts the antero-
lateral part of the femoral condyle (Naraghi and 
White 2016).

Several noncontact mechanisms have been 
described in ACL injuries, with the pivot shift 
mechanism being one of the most common. The 
pivot shift injury is composed of a valgus force, 

a b

c

Fig. 14 Sinding-Larsen-Johansson disease in a 10-year- 
old soccer player. (a) Radiograph demonstrating fragmen-
tation of the apophysis of the distal patellar pole. (b) 

Ultrasound of the same patient showing hypoechogenic 
swelling of the proximal patellar tendon with (c) increased 
vascularization of the tendon on power Doppler (arrows)
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quadriceps loading, and a planted foot with rela-
tive internal rotation of the tibia in relation to the 
femur (Naraghi and White 2016). This produces 
the characteristic osseous contusions of the lat-
eral femoral condyle, posterior aspect of the lat-
eral tibial plateau, and less commonly medial 
sided contusions. A varus force combined with 
internal rotation of the tibia can also result in an 
ACL injury and has been implicated in the etiol-
ogy of the Segond fracture, involving the lateral 
tibial rim. A minority of the ACL injuries are 
contact injuries, including a clip injury (valgus 
force applied to the partly flexed knee) or a 
hyperextension injury. Clip injuries are associ-
ated with medial collateral ligament sprains and 
medial meniscal tears (when all three combined 
it is called O'Donoghue’s unhappy triad) and are 
often associated with lateral osseous contusion.

An ACL tear is associated with a longer return 
to play than any other typical soccer knee injury, 
averaging 194  days in the UEFA injury study 

(compared to an average of 52 days for posterior 
cruciate ligament injuries and 23 days for collat-
eral ligament injuries) (Lundblad et  al. 2013). 
They require surgical treatment more frequently, 
and despite early and expert management, ACL 
tears can be career-ending, more than any other 
soccer knee injury (Söderman et  al. 2002; 
Paterson 2009).

Imaging
In the acute phase of an ACL injury, radiographs 
often only demonstrate joint capsule distension. 
One of the most common causes of acute hemar-
throsis in athletes is an ACL injury. In pivot shift 
injuries a subtle deformity of the posterior rim of 
the lateral tibial plateau or a deep lateral femoral 
notch sign can be observed; this is a cortical 
depression on the lateral femoral condyle at the 
terminal sulcus (consisting of the junction 
between the weight-bearing tibial articular sur-
face and the patellar articular surface of the fem-
oral condyle). A Segond fracture can be diagnosed 
during a flexion–varus injury.

In youth soccer players, an avulsion fracture 
of the distal ACL footprint can sometimes be 
diagnosed on radiographs (Naraghi and White 
2016).

MR imaging in complete ACL rupture demon-
strates either focal discontinuity or diffuse swell-
ing and increased signal intensity within the ACL 
(Naraghi and White 2016). Abnormal fiber 
 orientation with posterior bowing or vertical ori-
ented proximal fibers and horizontal oriented dis-
tal fibers can be observed. Ligamentous tears 
should be distinguished from avulsion fractures 
of the distal ligament insertion, because these 
avulsions require surgical repair (Naraghi and 
White 2016). Secondary MR imaging signs of 
ACL injury are anterior translation of the lateral 
tibial plateau in relation to the lateral femoral 
condyle, uncovering of the posterior horn of the 
lateral meniscus, and buckling of the PCL 
(Naraghi and White 2016).

In partial tears, the anteromedial bundle is 
most often torn. Increased intrasubstance signal, 
distortion, fiber attenuation, and abnormal fiber 
orientation are indicative of a partial tear, but MR 
imaging still has diminished accuracy in diagnos-

Fig. 15 Osgood-Schlatter disease. Radiograph demon-
strating fragmentation of the tibial tuberosity apophysis 
and subtle adjacent soft-tissue swelling of the distal patel-
lar tendon (arrowheads)
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ing partial ACL tears (Van Dyck et al. 2012). 3T 
MR imaging however appears to have an 
increased sensitivity, specificity, and accuracy for 
diagnosing partial tears (Van Dyck et al. 2011). 
When bone contusions are diagnosed, this is 
associated with a higher grade partial tear.

For more extensive review of ACL injuries we 
refer to McNally and Thompson (2020).

4.4  Meniscus Injury

We refer to De Smet et al. (2020) for a more 
extensive review on meniscus injuries. Soccer 
players frequently sustain acute traumatic menis-
cal tears, isolated or associated with ligamentous 
or articular surface injuries. Axial loading com-
bined with rotational forces results in shear stress 
on the meniscus, causing meniscal tears.

Approximately 87% of lateral meniscal inju-
ries are due to sport activities, with the majority 
occurring in pivot-contact sports like soccer.

The MR imaging criteria for a meniscal tear, 
in the absence of previous surgery, are meniscal 
distortion or increased intrasubstance signal 
intensity unequivocally extending to and 
contacting the articular surface of the meniscus 
on at least two consecutive MR images (= the 
two-touch slice rule) (Huysse et al. 2008).

Meniscal tears can be classified based on mor-
phological characteristics (tear length—depth—
location) or tear pattern: vertical longitudinal, 
radial, horizontal, flap, or complex (116). 

Horizontal tears are most often degenerative, 
occurring in older patients with mucoid meniscus 
degeneration and often associated with meniscal 
cysts (Huysse et al. 2008). A radial tear involves 
the free edge of the meniscus, runs perpendicular 
to the tibial plateau and long axis of the menis-
cus, and divides the meniscus into an anterior and 
posterior portion. A radial tear gives an interrup-
tion of the bow-tie configuration on a sagittal MR 
image, and blunting of the free apical margin on 
a coronal MR image (Rosas 2014). They can be 
associated with trauma.

Vertical longitudinal tears mostly affect 
younger patients after trauma and are highly 
associated with tears of the ACL (Huysse et al. 
2008; Rosas 2014). They course parallel to the 
long axis of the meniscus and perpendicular to 
the tibial plateau (Fig. 16). When the tear has a 
length of 10  mm or more, it is considered 
unstable. Sagittal images are best suited to 
demonstrate these tears. Coronal imaging is 
used to assess extension into the meniscal 
body.

A parrot-beak or flap tear is a vertical free- 
edge tear, consisting of a central radial compo-
nent and a longitudinal peripheral component. 
They are unstable, and preoperative identification 
is essential, because displaced fragments may be 
difficult to visualize arthroscopically. On at least 
one MR image the free edge is blunted and it has 
a flap, whereas on sequential images a vertically 
oriented longitudinal tear becomes visible 
(Huysse et al. 2008; Rosas 2014).

a b

Fig. 16 Peripheral vertical longitudinal tear of the medial 
meniscus. (a) Sagittal and (b) coronal FS PD-WI demon-
strating longitudinal fluid-containing cleft in the body and 

posterior horn of the medial meniscus in the peripheral 
red zone (arrows)
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A root tear represents a radial type of tear 
located up to 9 mm from the root attachment, and 
extends through the entire thickness of the menis-
cus (Fig. 17). It significantly alters the native bio-
mechanics of the posterior meniscal root and 
results in alteration of the circumferential hoop 
stresses, causing meniscal extrusion, increased 
tibiofemoral contact forces, and accelerated 
degenerative changes in the knee (Bhatia et  al. 
2014).

Acute root injuries can be associated with 
ACL tears, hyperflexion injuries, and grade 3 
medial collateral ligament tears with intact 

meniscocapsular attachment (Naraghi and 
White 2016). Underdiagnosis of root tears on 
both MR imaging and arthroscopy has led to 
increased attention in the surgical and radiologi-
cal literature and to alterations in the imaging 
evaluation of this region. In patients younger 
than 30  years, particularly patients with con-
comitant ACL injuries, any abnormal signal 
within the posterior root of the lateral meniscus 
indicates a tear. The posterior roots should be 
scrutinized, especially in the setting of an ACL 
tear or meniscal extrusion (Rosas 2014). 3T MR 
imaging has a high negative predictive value to 

a c

b

Fig. 17 Radial root tear of the posterior horn of the 
medial meniscus in the right knee. (a) Coronal and (b) 
axial FS PD-WI demonstrating a radial tear in the menis-

cal root (arrows). (c) Sagittal FS PD-WI with ghost 
meniscus (arrow) in keeping with a large root tear

T. De Coninck et al.
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detect posterior meniscal root tears; that is, the 
absence of posterior meniscal root pathology on 
3T MRI is a good indicator of the absence of 
pathology on arthroscopy. The positive predic-
tive value is low indicating that many root tears 
classified as torn or avulsed on 3T MRI were 
later determined to be intact on arthroscopic 
probing. Sensitivity was higher for medial 
posterior root tears, indicating a higher risk of 
missing lateral root tears on MRI (224).

On MR imaging, fluid can track through the 
root tear defect. Coronal and fluid-sensitive 
sequences result in better delineation of the roots 
and partially compensate for the magic-angle 
artifacts. On coronal images, the roots should be 
identified draping over the tibial plateau on at 
least a single image. On sagittal images, if the 
posterior root of the medial meniscus is not 
clearly visualized on the image immediately 
medial to the posterior cruciate ligament, one 
should suspect a tear. If recognized preopera-
tively, this situation can alter the surgical tech-
nique, because the posterior roots are not easily 
accessible at the time of arthroscopy and require 
placement of additional portals for adequate 
visualization and treatment. Root tears through 
the vascular posterior root can be surgically 
repaired, but radial tears through the posterior 
horn adjacent to the root may not be reparable 
(Naraghi and White 2016).

4.5  Medial Collateral Ligament

The medial collateral ligament (MCL) is the most 
frequently injured structure among all levels of 
players and all age groups (Fig. 18). The MCL is 
considered the weakest of the three main knee- 
stabilizing ligaments, apart from the injury mech-
anisms inherent to soccer that already place the 
MCL at risk. The UEFA injury study subgroup 
found that MCL injuries are the second most 
common severe injury after hamstring injuries 
(Lundblad et  al. 2013). MCL injuries are sus-
tained more frequently during matches than dur-
ing training sessions (ratio of 9:1), with the 
dominant leg being afflicted in more than half of 

the MCL injuries. More than two-thirds of MCL 
injuries are a result of direct player contact. 
About half of the MCL injuries that are sustained 
during matches occur during the last 15 minutes  
of first or second half, attributed to the combina-
tion of player fatigue, situational urgency, and 
related increased match intensity.

5  Ankle Injuries

5.1  Ligament Injuries

We refer to Van Royen et al. (2020) for a more 
extensive review on ankle ligament injuries.

Ankle inversion injuries frequently occur in 
soccer and lead to lateral capsular and ligament 
lesions. Muscle recruitment and scar tissue can 
luckily compensate for the loss in ligament func-
tion, even in complete ligament tears. Imaging is 
often only indicated when players experience 
instability or symptoms after treatment in the 

Fig. 18 Sprain (grade 3) of the medial collateral liga-
ment. Coronal FS PD-WI of the right knee demonstrating 
disruption of the distal fibers of the deep and superficial 
components of the MCL with hyperintense signal of the 
distal fibers and thickening of the MCL (arrowheads). 
Accompanying fluid superficial and deep of the MCL 
fibers
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acute phase, and also allows to diagnose concom-
itant injuries such as sinus tarsi syndrome or 
peroneal tendon or retinaculum injury, which 
may warrant surgical repair.

Injuries to the medial ligaments and syndes-
mosis are not so frequent as lateral ligament inju-
ries (Robinson and White 2005).

MR imaging offers a more global assessment 
compared to ultrasound, including concomitant 
osteochondral and osseous injuries. Ultrasound is 
often sufficient because the referring clinician is 
confident of his/her clinical diagnosis.

Sometimes diagnostic problems can occur 
when imaging demonstrates an intact ligament 
(that can be thickened or attenuated) but the 
patients suffer from mechanical instability. The 
other way around, a torn ATFL and CFL does not 
necessarily imply mechanical instability, and 
complete tears can be an incidental finding in the 
athletic population. Only 10–15% of athletes suf-
fer from impaired athletic function after an acute 
ligament injury.

5.2  Osteochondral Lesions

Osteochondral injuries arise from shearing and 
impaction forces on both talus and tibia, but are 
more frequently observed on the talar dome. 
Symptomatic lesions have a poor prognostic out-
come for the athlete’s recovery.

The Berndt and Harty classification (graded 
1–4) is still the most widely accepted classifica-
tion on radiographs and CT. The most accurate 
imaging assessment for osteochondral injuries 
and associated soft-tissue abnormalities is done 
with MR imaging (Fig. 19). High-resolution CT 
arthrography is now being evaluated for osteo-
chondral injuries with some studies suggesting 
accuracy equivalent or even better than that of 
MR imaging (Schmid et al. 2003; Pirimoglu et al. 
2019).

MR staging is nowadays usually done by the 
Anderson classification, which is a modification 
of the Berndt and Harty staging system (Anderson 
et al. 1989).

a b

Fig. 19 Osteochondral lesion of the medial talar dome. 
(a) Radiography showing a translucent sharply demar-
cated subchondral lesion on the medial talar dome (arrow). 

(b) Coronal FS PD-WI demonstrating the subchondral 
bone sclerosis with surrounding BME; there is no sub-
chondral cyst formation

T. De Coninck et al.
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 – Grade 1: subchondral trabecular compression; 
plain radiograph normal but positive bone 
scan, BME on MRI

 – Grade 2a: formation of subchondral cyst and 
surrounding BME

 – Grade 2b: incomplete separation of fragment, 
surrounding BME

 – Grade 3: completely detached, undisplaced 
fragment with presence of synovial fluid 
(around fragment and surrounding BME)

 – Grade 4: displaced fragment with adjacent 
BME

It can sometimes be difficult to differentiate 
on T2-WI between high-signal BME at the frag-
ment margin (grade 2b) and free fluid tracking 
along the osteochondral fracture line indicative 
of an undisplaced but potentially free fragment 
(grade 3). To demonstrate this difference, both 
CT and MR arthrography have improved accu-
racy compared with conventional MR imaging to 
demonstrate free flow of contrast and differenti-
ate between grade 2 and grade 3 lesions.

Grade 1 and 2 lesions get conservative or 
functional treatment initially, and grade 3 and 4 
lesions often necessitate surgery. Some authors 
also advocate functional treatment for medial 
talar grade 3 lesions. Surgical treatment consists 
of debridement of the injury and drilling of the 
defect to stimulate a healing response. Surgery 
can significantly decrease pain and functional 
impairment in chronic lesions. Surgical tech-
niques are still developing and improving every 
day, and repair techniques now involve chondro-
cyte implantation and mosaicplasty. MR imaging 
has additional value for these surgical techniques 
by defining appropriate areas for cartilage har-
vesting within the ankle or knee (Robinson and 
White 2005).

5.3  Impingement Syndromes

Both osseous and soft-tissue ankle impingement 
syndromes are commonly observed in soccer 
players. All types of impingement can occur 
(anterolateral, anterior, posterior, and 
posteromedial).

Anterior impingement can often be diagnosed 
on radiographs, demonstrating the tibiotalar 
spurs that develop due to repeated direct 
microtrauma.

Anterolateral and posteromedial impinge-
ments originate from an initial inversion injury, 
which results in tensile stress to the anterolat-
eral capsule and compression of the posterome-
dial capsule between the talus and medial 
malleolus. In soccer players, the posterior cap-
sular structures are subject to constant stress 
from kicking and push-off maneuvers. This 
repeated microtrauma results in capsular hem-
orrhage and focal hypertrophy, on its turn 
resulting in painful limitation of movement 
(Robinson and White 2005).

In soccer players impingement often pres-
ents 2–4  weeks after an acute injury, with the 
area of impingement frequently being remote 
from the initial site of acute injury, for example 
posterior impingement arising after a lateral 
ankle sprain.

MR imaging can accurately assess the soft- 
tissue abnormalities but can also define signifi-
cant concomitant injuries like osteochondral 
lesions that can influence therapy (Fig. 20).

Intravenous gadolinium-enhanced MR imag-
ing can demonstrate pericapsular inflammation 
but can also have an indirect arthrographic effect 
from any preexisting effusion. Indirect MR 
arthrography demonstrates soft-tissue abnormali-
ties with enhancement on fat-suppressed T1-WI 
and can resolve subtle changes related to capsular 
and synovial inflammation (Robinson and White 
2005). Ultrasound combined with MR imaging 
may improve correlation of imaging findings 
with symptoms and aid management. Ultrasound 
can define capsular abnormalities with focal and 
nodular thickening of mixed echogenicity. 
Increased Doppler signal and intra-articular fluid 
are not always present, but dynamic maneuvers 
may reproduce deformity and impingement of 
the thickened tissues. Ultrasound-guided injec-
tion of a steroid (triamcinolone) and bupivacaine 
into the abnormal capsular tissues can be per-
formed, often allowing players to return to full 
training within 2–3 weeks without surgical inter-
vention (Robinson and White 2005).
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5.4  Calcaneal Apophysitis

Calcaneal apophysitis or Sever’s disease is a pain-
ful inflammation of the calcaneal apophysis. As 

the calcaneal apophysis fuses to the main calca-
neal body between 12 and 15 years, Sever’s dis-
ease cannot occur in youth soccer players beyond 
this age range. They present with intermittent or 

a b

c

Fig. 20 Posterior ankle impingement. (a) Sagittal T1-WI 
and (b) FS PD-WI demonstrating a large os trigonum with 
BME in the os trigonum (asterisk), in the synchondrosis, 
and in the lateral tubercle of the posterior talar process. 
Chronic stress reaction with full-thickness cartilage 
defects and subchondral geodes in the posterior subtalar 

facet. Posterior capsular thickening and fluid in the poste-
rior recess (arrowheads). Complete rupture of the flexor 
hallucis longus tendon (arrow) with absence of the tendon 
in the synovial sheath. (c) Axial FS PD-WI demonstrating 
a complete rupture of the flexor hallucis longus tendon 
(arrow) with absence of the tendon in the synovial sheath
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continuous posterior heel pain, aggravated by 
physical activity. They have a positive Achilles 
squeeze test on physical examination.

It is thought to occur because of reduced flex-
ibility of the Achilles, and posterior tibial and 
peroneal tendons, possibly associated with tight-
ening of the plantar fascia. Limited ankle flexi-
bility can then place abnormal stress on the 
calcaneal apophysis during repetitive heel load-
ing as occurs during running. The diagnosis is a 
clinical one, though a calcaneal radiograph is 
occasionally beneficial to exclude other causes 
of heel pain. MR imaging is not indicated, but 
may show BME within the calcaneal apophysis 
that can extend into the adjacent calcaneal tuber-
osity (Fig.  21). The treatment is symptomatic 
(Paterson 2009).

5.5  Achilles Tendinopathy 
and Rupture

The Achilles tendon is subject to tendinopathy 
and tears in soccer athletes. Tendon fibers are 

not organized in a linear way, but all three ten-
don components (two heads of gastrocnemius 
and soleus) rotate medially so that the soleus 
component moves from deep to medial. The 
hypothesis is that during soccer, the repetitive 
twisting and untwisting of the tendon lead to 
stress concentration in the area of maximal rota-
tion, being 4–6  cm proximal to the calcaneus. 
This area is also the relatively most avascular 
region of the Achilles tendon, also predisposing 
the tendon to injury at this location. Soccer 
players often also present with heel valgus, 
increasing the stress on the medial aspect of the 
tendon. These biomechanical factors combined 
lead to paratenonitis and tendinopathy usually 
first being observed at the medial aspect of the 
tendon. This area is also a relative avascular 
area as mentioned before, further limiting the 
ability to repair this mechanically induced 
damage.

Due to improved insight in the biomechanics 
of the Achilles tendon, injuries have decreased in 
recent years because modifications have been 
made to the training schedule in the preseason 

a b

Fig. 21 Sever apophysitis. (a) Sagittal T1-WI and (b) sagittal FS PD-WI demonstrating BME within the calcaneal 
apophysis (arrowheads), extending into the adjacent calcaneal tuberosity
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training. Still chronic overuse tendon injuries 
remain common (Robinson and White 2005).

Ultrasound shows fusiform thickening of the 
tendon in the affected region, with loss of the 
normal concave aspect and now convex bulging 
of the tendon. Hypoechoic regions presenting 
mucoid degeneration can be present within the 
tendon, distorting the normal fibrillar texture. 
Doppler ultrasound may demonstrate neovascu-
larization, which is a negative prognostic sign 
and associated with a poorer clinical outcome. 
Adjacent inflammation of the Kager’s fat pad 
may present as hyperechoic signal within the fat 
pad. The adjacent paratenon can appear thick-
ened and hypoechoic. Partial tears present fluid- 
containing clefts within the tendon fibers. MR 
imaging depicts these changes even better, and 
can diagnose subtle intrasubstantial tears.

5.6  Turf Toe

Turf toe is an acute dorsiflexion injury of the first 
metatarsophalangeal (MTP) joint and its associ-
ated capsular complex, and is common among 
American football and soccer players. It is a cap-
sular sprain of the first MTP joint due to hyperex-
tension of the first MTP complex.

It results from axial loading forces being 
applied to the forefoot while the first MTP joint 
in the tiptoe (equinovarus) position. Injuries can 
range from low-grade capsular sprains to high- 
grade capsular and ligamentous tears (Schein 
et al. 2015).

Plantar plate injuries can accurately be identi-
fied with MR imaging. A normal plantar plate is 
a dense low-signal-intensity band that connects 
the hallux sesamoids to the plantar base of the 
proximal phalanx. It is best seen on sagittal and 
short- axis images. Imaging findings depend on 
the severity and acuity of the injury. Sprains and 
partial-thickness tears can both demonstrate 
thinning or thickening of an ill-defined plantar 
plate.

Full-thickness tears demonstrate a focal dis-
ruption of the fibers of the plantar plate with 
retraction and a fluid gap (Fig. 22). A caveat is a 
plantar plate recess, a normal variant at the proxi-
mal phalangeal attachment, which can be mis-
taken for a partial tear (Schein et al. 2015; Nery 
et al. 2017).

Proximal retraction of the sesamoids is 
expected in cases of complete plantar plate tear 
and may be detected with lateral radiographs 
with the great toe stressed in dorsiflexion (Nery 
et al. 2017). Acute injuries will usually demon-
strate associated soft-tissue edema, while chronic 
injuries usually lack edema.

Heterotopic ossification along the plantar 
plate suggests chronic injury. Chronic injury may 
also result in the development of an osteophyte at 
the dorsum of the first metatarsal head, which can 
cause hallux rigidus. It is important to evaluate 
the chondral surfaces of the first MTP joint com-
plex to assess for the presence of a chondral 
injury, which may affect management (Schein 
et al. 2015).

6  Muscle Injuries

Professional soccer players frequently miss train-
ing or matches each season due to muscle inju-
ries. The most injured muscles in elite soccer 
players are muscles of thigh (hamstrings and 
quadriceps) and calf (gastrocnemius-soleus com-
plex), accounting for more than one-third of all 
injuries, with the hamstrings most commonly 
affected (Robinson and White 2005). Most elite 
soccer players are skeletally mature and have no 
previous tendon degeneration; excessive tensile 
forces then lead to failure at the myotendinous 
junction. Adolescents on the contrary fail at the 
apophysis and in more mature players with tendi-
nosis, the diseased tendon fails before the myo-
tendinous junction.

Older players, players with previous ham-
string injuries, high-level players, and athletic 
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fatigue (end of game half) are more prone to 
acute injuries. Almost most muscle injuries are 
the consequence of an indirect trauma mecha-
nism, often resulting in a muscle tear. Acute inju-
ries commonly occur at the distal myotendinous 
junction of rectus femoris, proximal or distal 
myotendinous junction of biceps femoris, and 
myotendinous junction of the gastrocnemius- 

soleus (De Smet and Best 2000). Muscles that 
show high peak levels of stress are more vulner-
able to injury: the rectus femoris muscle during 
shooting and the biceps femoris muscle during 
sprinting.

Clinically, acute muscle strains can be divided 
into three grades. For a more extensive overview 
on muscle injuries we refer to Gielen et al. (2021).

a

b

c

d

Fig. 22 Turf toe. (a) Coronal T1-WI and (b–c) coronal 
and sagittal FS T2-WI demonstrating disruption of the 
capsuloligamentous structures (arrowheads) with articular 

cartilage damage (open arrow) and BME (arrow). (d) 
Sagittal CT image showing the associated medial sesa-
moidal fracture
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Imaging
Grade 1 injuries can appear normal at ultrasound, 
or may demonstrate a focal area of minimal fiber 
disruption (<5% cross-sectional area of the mus-
cle) exhibiting ill-defined areas of increased 
echogenicity within the muscle (Peetrons 2002). 
MR imaging has a higher sensitivity to detect 
these lesions; a small area of ill-defined high sig-
nal representing interstitial edema and hemor-
rhage around the myotendinous junction on 
fluid-sensitive sequences can be observed, with a 
classic feathery appearance (Figs.  23 and 24). 
There is no substantial disruption of the muscle 
fibers (Robinson et al. 2017).

Grade 2 injuries are partial tears of the mus-
cle fibers around the myotendinous junction 
with hematoma formation (Lee et al. 2012). On 
ultrasound partial muscle fiber disruption (>5% 
but <100% of the cross-sectional area of the 
muscle) is observed (Robinson et al. 2017). In 
the first 48  h, the intramuscular hematoma 
appears as an ill-defined muscle laceration sepa-
rated by hypoechoic fluid and with increased 
reflectivity in the surrounding muscle. After 
48–72 h, the hematoma will develop into a well-
defined hypoechoic fluid collection with an 
echogenic margin, gradually enlarging and 
potentially filling the hematoma in a centripetal 

a b

Fig. 23 Sprain (grade 1) hamstrings in an elite soccer 
player. (a) Axial FS PD-WI and (b) sagittal FS PD-WI 
demonstrating feather-like muscle edema and perifascial 

fluid (arrow), indicative of a grade 1 sprain, without mus-
cle fiber disruption

a b

Fig. 24 Sprain (grade 1) along the myotendinous junc-
tion of the rectus femoris muscle. (a) Axial T1-WI dem-
onstrating hyperintense signal intensity along the 
myotendinous junction of the rectus femoris muscle, 

reflecting hemorrhage (arrow). (b) Coronal FS T2-WI 
demonstrating edema along the entire length of the myo-
tendinous junction (arrowheads)
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fashion (Lee et  al. 2012). On MR imaging the 
partial fiber disruption is depicted as a focal area 
of well-defined high signal intensity on fluid-
sensitive sequences (Fig. 25). The tendon adja-
cent to the myotendinous junction may be 
thickened and display features of laxity, and 
even partial tendon disruption may be depicted 
(Robinson et al. 2017).

Grade 3 injuries are a complete discontinuity 
or disruption of the muscle fibers with different 
degrees of muscle retraction. They are often clin-
ically evident with a palpable gap between the 
retracted muscle ends. Ultrasound may demon-
strate perifascial fluid, with possible increased 
echogenicity due to the presence of extravascular 
blood, but most often being hypoechoic because 
most ultrasound examinations occur more than 
24 h after the injury. Ultrasound can increase the 
accuracy to differentiate between partial and 
complete tears by performing dynamic muscle 
maneuvers.

MR imaging depicts a complete disruption of 
the myotendinous junction with a local 
hematoma filling the gap created by the tear 
(Figs. 26 and 27) (Robinson et al. 2017).

Imaging is important to grade the muscle 
injury, to describe the proportion and volume of 
the muscle injury, and to describe the length of 

a b

Fig. 25 Tear of the myotendinous junction of the medial 
gastrocnemius muscle. (a) Axial and (b) sagittal FS 
T2-WI demonstrating rupture of the medial gastrocne-

mius myotendinous junction, with proximal fiber retrac-
tion and perifascial fluid (arrowheads)

Fig. 26 Avulsion of the proximal hamstrings complex. 
Coronal T2-WI of an avulsion of the proximal hamstrings 
(arrow) with distal retraction of the tendon fibers and 
fluid-filled gap
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the tear, all predictors for the time it will take for 
the player to return to competition. The 
longitudinal length of the muscle injury has the 
highest prognostic value, with an injury length of 
10  mm correlating to approximately 30  days 
before return to competition (Thierfelder et  al. 
2019). A previous injury of a high-risk muscle 
increases the risk of another injury of the same 
muscle. In elite soccer players, 16% of muscle 
injuries are reinjuries, which imply a 30% longer 
layoff time (Thierfelder et al. 2019). An underes-
timated injury and the subsequent premature 
return to play are common reasons for recurrent 
muscle injuries. Also, an inadequate rehabilita-
tion is a risk factor for muscle injuries in soccer 
players (Thierfelder et al. 2019). Currently there 
is no strong evidence that MR imaging is useful 
for predicting the time to return to sports follow-
ing hamstring injury (Svensson et  al. 2016). 
Recently it has been documented that the extent 
of edema in hamstring injuries does not have 
prognostic value in predicting the time to return 
to play (Crema et al. 2018).

Things to Remember
 – Adductor-related groin pain is the most fre-

quently encountered groin problem in soccer 

players, with the adductor longus being pre-
dominantly affected.

 – Avulsions of the anterior superior and anterior 
inferior iliac spine in soccer, commonly 
observed in adolescent players, result from an 
excessive upward movement of the leg in 
“kicking the air” or a powerful shot at goal 
with maximum flexion of the hip and exten-
sion of the knee (Rossi and Dragoni 2001).

 – An anterior cruciate ligament tear is the most 
common non-osseous injury among children 
who play soccer and more prevalent in girls 
and women. An ACL tear is associated with a 
longer return to play than any other typical 
soccer knee injury.

 – Professional soccer players frequently miss 
training or matches each season due to muscle 
injuries. The most injured muscles in elite soc-
cer players are muscles of thigh (hamstrings 
and quadriceps) and calf (gastrocnemius- 
soleus complex).
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